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Despite significant accomplishments to date, kidney transplantation is a relatively 
young field in medicine. Due to the armamentarium of agents available to effectively 

suppress the immune system, the past decade has seen a shift in focus from 
prevention of rejection to a focus on extending the life of the allograft and novel 

strategies to increase the organ donor pool. This book covers basic concepts in kidney 
transplantation while also addressing ways to manage kidney transplant recipients in 
order to maximize patient and graft survival. In addition, novel concepts to increase 

organ availability are addressed, including kidney paired donation and single site 
laparoendoscopic donor nephrectomy for living donor kidney transplantation, and 

utilization of marginal, hepatitis C positive, and older donor organs to increase 
deceased donor transplant opportunities.
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Preface 
 

Although renal transplantation is a relatively young field in medicine, with the first 
successful kidney transplant occurring in 1954, the past 15 years have shown rapid 
advances in many areas within transplantation, and the next 15 hold great promise for 
further advancement. The armamentarium of immunosuppressive agents has grown 
significantly since the mid-to-late 1990’s, and currently, the immunosuppressive 
therapies available are potent enough to prevent rejection in the vast majority of low 
risk patients. Utilization of non-traditional immunosuppressive agents such as IVIG 
and rituximab has enabled successful transplantation of incompatible pairs (due to 
blood type or crossmatch incompatibility) in recent years as well. Rapid advances in 
kidney paired donation registries has reduced the need for incompatible 
transplantation in more recent years, although desensitization in the setting of kidney 
paired donation remains an important option for highly sensitized patients. However, 
with the use of potent immunosuppressive therapies, we must be cognizant of the 
balance needed to protect patients from the complications of over-
immunosuppression. The need for tools to monitor transplant recipients and therapies 
to treat these patients for the complications of over-immunosuppression is an 
important target for research and development.  

The deceased donor organ shortage continues to be the major limiting factor in 
transplantation, particularly as the waiting list grows in the setting of an aging 
population. Successful transplant programs must work diligently to maximize 
opportunities for transplantation for their patients, which includes utilization of 
marginal donor organs, pediatric organs, and hepatitis C positive organs. By 
considering the use of such organs in carefully selected recipients, the organs that are 
available can be utilized to the greatest extent possible, with acceptable if not excellent 
outcomes.  

Medical management of kidney transplant recipients is also of utmost importance 
since the population is aging and often present with multiple co-morbidities that may 
complicate their care. Death with allograft function is the leading cause of kidney 
allograft loss, and the leading cause of death is cardiovascular death. Therefore, 
management of co-morbidities such as diabetes, hypertension, and hyperlipidemia are 
essential to success in maximizing both patient and graft survival.  
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We hope that the reader finds this textbook to be a comprehensive resource on the 
topics mentioned above as well as others that can help you to offer transplantation to 
as many candidates as possible, and improve post-transplant outcomes in order to 
maximize the grafts that are donated. 

I would like to thank my assistant editors Cheguevara Afaneh, M.D. and Meredith J. 
Aull, Pharm.D. for their instrumental roles in the completion of this textbook. 

 
Dr. Sandip Kapur 

Department of Surgery, Division of Transplant Surgery New York -  
Presbyterian Hospital/Weill Cornell Medical College New York, NY,  

USA 
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© 2012 Afaneh and Hartono, licensee InTech. This is an open access chapter distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Evaluation of Kidney Transplant Candidates:  
An Update in 2012 

Cheguevara Afaneh and Choli Hartono 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/53540 

1. Introduction 

The first successful kidney transplant between identical twins at the Peter Bent Brigham 
Hospital took place in Boston on December 23, 1954. This momentous event ushered in the 
modern era of organ transplantation. Kidney transplantation is now considered a routine 
procedure and is the treatment of choice for suitable patients with end-stage renal disease 
(ESRD). In 2001, approximately 100000 patients were predicted to be on the kidney 
transplant waiting list by 2010 [1]. In 2012, the waiting list is fast approaching that predicted 
number. A successful transplant affords independence from and provides a survival 
advantage over dialysis treatment [2]. However, patients with ESRD reap the benefit of 
renal transplant invariably at the expense of potential morbidity and mortality. The 
requirement to fully assess the benefit and risk of transplant ultimately is in the best interest 
of the candidate. By thoroughly evaluating a transplant candidate, the transplant program 
anticipates potential complications that may arise during the perioperative period. 
Moreover, appropriate kidney organs are in short supply relative to patients on the wait-list 
supporting the need to screen and identify candidates who are not eligible. 

In the United States of America (US), kidney transplant candidates may receive either a live-
donor (LD) or deceased-donor (DD) kidney. Live-donor kidneys may come from biologically 
related relatives or completely unrelated altruistic individuals. Increased potency of 
immunosuppressive agents has decreased the risk of acute rejection enabling transplantation 
from unrelated LD and DD kidneys. Harvesting marginal kidneys from deceased donors is 
gaining acceptance in response to organ shortages due to an expanding recipient pool. Organ 
Procurement Transplantation Network/United Network for Organ Sharing (OPTN/UNOS) 
implemented a new allocation system (UNOS Policy 3.5) in October 2002 to reclassify DD and 
better define the marginal kidney donor [3]. In the new classification schema, expanded 
criteria donor (ECD) is defined by any DD over the age of 60 or if aged between 50 to 59 with 
the addition of at least two of the following three criteria: cerebrovascular accident as a cause 

© 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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of death, history of hypertension, and terminal serum creatinine above 1.5 mg/dL. Standard 
criteria donors (SCD) are DDs who do not meet the criteria for ECD. SCD or ECD kidneys may 
be procured from donation after brain death (DBD) or donation after cardiac death (DCD) 
donors. Potential candidates should be made aware that transplantation of marginal kidneys 
from deceased donors may result in delayed graft function (DGF), defined as the need for 
dialysis during the first week after kidney transplant. 

Kasiske et al. provided for the American Society of Transplantation (AST) an in-depth 
discussion and reviewed guidelines for evaluation of renal transplant candidates in 2001 [4]. 
The British and Canadian guidelines for kidney transplant evaluation as well as recent reviews 
by Bunnapradist et al. and Scandling are referenced in [5-8]. The transplant candidate should 
be aware of various short- and long-term considerations, as listed in Table 1. In this chapter, 
updates will be presented on key issues such as age for candidacy, cardiovascular risk, 
recurrent disease, malignancies, viral infections, endocrine issues, hematology considerations, 
dual organ transplants, and high-risk candidates. Table 2 lists the standard initial kidney 
transplant candidate evaluation at New York-Presbyterian/Weill Cornell Medical Center. 

 

Topics of Discussion for the Kidney Transplant Candidate 

Perioperative risk factors: 
- Cardiopulmonary reserve 
- Extent of vascular disease 
- Obesity 
- Patient specific comorbid conditions, i.e. type 1 diabetes mellitus, end-stage liver  
  disease, human immunodeficiency virus, [see references 4-8]

Extent of histocompatibility and type of organ donor regarding short- and long-term 
outcomes 
Availability and suitability of a living donor 
Discuss the willingness to accept marginal donor kidneys, pediatric donors, and high-risk 
kidney donors 
Reasonable expectations of deceased donor waitlist times 
Financial considerations of life-long immunosuppression as well as adverse event costs 
Lifelong Immunosuppression Risks 

- Infections 
- Malignancies, with a predominance of skin cancers

Need for lifelong follow-up with frequent regular blood testing 
Risks of graft failure and death following transplantation at various time points 

Table 1. Kidney Transplant Candidate Considerations 

2. Age as a factor for transplant candidates 

The ESRD population is graying and in comparison to a decade ago, transplant programs 
are wait listing more individuals who are greater than 65 years old [9-12]. What are some of 
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the concerns for transplanting an older ESRD patient? A senior recipient in his or her 
seventh and eighth decades of life has a natural lifespan that is shorter than a younger 
patient hence reducing the predicted life years gained after transplant. Trepidation for the 
senior recipient is also the issue of further shortening patient survival after transplant due to 
the increased risk of transplant-associated morbidity. Indeed, Veroux et al. [13] observed 
that in a single center study in Italy, elderly recipients older than 65 years of age had a 
worsened survival rate after renal transplants from older donors when compared to wait-
listed candidates. However, the functional status of elderly patients deteriorated if they have 
ESRD and require dialysis treatment [14]. Data from the United States Renal Data System 
(USRDS) demonstrated that the life expectancy of a 75-year-old patient on dialysis is only a 
third of a similar aged individual not receiving dialysis [15]. The 1-year survival rate of an 
80- to 84-year-old patient on dialysis is 63% based on data from the USRDS [16]. Because the 
waiting time may be an obstacle for older transplant candidates, they may elect to receive 
ECD kidneys with a shorter waiting time [17]. Realistically, to fully address whether dialysis 
or transplant is a better option for this age group, a randomized study will have to be 
performed. Short of that, we are able to gleaned new insights into transplantation of seniors 
from the Scientific Registry of Transplant Recipients (SRTR) database. 

In a study by Rao et al. [18], using data from the SRTR, the mortality risk of 5667 patients 
with age greater than or equal to 70 years old and listed between January 1, 1990 to 
December 31, 2004 were analyzed. There were 4475 (79%) patients with age between 70 to 74 
years old and 1192 (21%) patients with age above 75 years old. Of the 5667 wait-listed 
candidates, 2078 (36.7%) had received a DD transplant, 360 (6.4%) had received a LD 
transplant, 1849 (32.6%) were deceased before transplant, and 1380 (24.4%) had not received 
a transplant prior to the cut-off period for analysis in December 2005. A third of the DD 
transplants were from ECD kidneys. The authors observed that kidney transplantation in 
patients greater or equal to 70 years of age was associated with a 41% reduction in mortality 
risk when compared to similar patients on the wait list [18]. The survival benefit was 
statistically significant in patients carrying a primary diagnosis of hypertension or diabetes 
mellitus but not significant for patients with glomerulonephritis [18]. Compared to wait-
listed individuals, recipients of ECD kidneys enjoyed a 25% reduction in the risk of death 
whereas recipients of LD kidneys had a 57% reduction in mortality risk [18]. Analysis of 
relative mortality risk demonstrated that the risk of death at 45 days after transplant was 
2.26 fold the risk of wait-listed candidates with the mortality risk equalizing at day 125 after 
transplant [18]. 

Huang et al. using data from OPTN/UNOS, compared the outcomes of recipients older than 
80 years of age with recipients in the 60 to 69 and 70 to 79 age groups [19]. The 80 years and 
older cohort had 199 recipients (median age of 81 years) and represented 0.6% of the entire 
elderly cohort (age greater or equal to 60 years) that was transplanted between 2000 and 
2008 in the US. The 60 to 69 years group had 24877 recipients whereas the 70 to 79 years 
group had 6103 recipients. The use of induction agents such as IL-2 receptor antagonist, 
antithymocyte globulin, and alemtuzumab were similar in the 3 groups. The rate of DGF  
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Consultations 
Nephrology consultation 
Transplant Surgery consultation 
Social Work evaluation 
Nutritional assessment 
Pharmacy screening 
Laboratory Data 
Laboratory evaluation: 
1. Serum chemistry 
2. Serum hematology 
3. ABO blood group verification on two separate dates 
4. Viral serologies 
5. Histocompatibility testing 
6. Tubuerculosis screening (Quantiferon Gold) if PPD unavailable 
7. Additional testing may be indicated based on co-morbidities
Other Baseline Data 
Radiographic evaluation: 
1. Chest x-ray 
2. Complete abdominal ultrasound 
3. MRI or CT Brain in patients with Polycystic Kidney Disease 
4. Further testing may be indicated based on co-morbidities
Electrocardiogram (EKG) 

Routine Screening 

Routine health maintenance screening: 
1. Colonoscopy after the age of 50 years, and repeated as deemed appropriate 
2. Mammogram in female candidates after the age of 40 years, and repeated as deemed 

appropriate 
3. Pap smear in female candidates after the age of 21 years, and repeated as deemed 

appropriate 
4. Prostate specific antigen (PSA) in male candidates over the age of 50 years, and 

repeated as deemed appropriate
Referrals 
Referral to specialists as indicated based on candidate co-morbidities including: 
1. Cardiologist 
2. Gastroenterologist 
3. Hematologist 
4. Urologist 
5. Psychiatrist
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defined as the need for dialysis therapy during the first week after transplant was similar in 
the 3 groups. The authors observed no difference in the rate of acute rejection during the 
initial hospitalization or at 1 year [19]. In the analysis, 73% of transplant recipients in the 80 
years and older group were alive at 2 years [19] exceeding the expectation of the 2-year 
survival rate of 44% for a dialysis patient aged 80 to 84 years according to the USRDS 
database [15]. The overall perioperative mortality risk at 30 days was low at 1.5% for the 
overall cohort of elderly patients with a trend towards a higher perioperative mortality rate 
at 2.5% for the aged 80 years and older cohort [19]. Among the 80 years and older cohort, 
death-censored graft failure did not occur more frequently and the mortality rates were 
similar for SCD or ECD transplant recipients [19]. When comparing the 3 cohorts of elderly 
recipients, no differences were observed in the proportion of cardiovascular (P=0.64), 
infectious (P=0.47), malignant (P=0.27) and cerebrovascular (P=0.89) causes of death [19].  

The recommendation from the AST is to avoid setting a cut-off age limit for eligible senior 
renal transplant candidates without medical contraindications [4]. When evaluating elderly 
patients for renal transplant, attention should be focused on the early perioperative 
mortality risk from cardiovascular comorbidity. ECD kidneys should be considered and 
offered to this age group to potentially shorten the waiting period [17]. 

3. Cardiovascular risk factors 

Patients with ESRD are at risk for cardiovascular disease with 50% of all mortality in this 
population attributable to cardiac complications [20]. A retrospective analysis of 1460 renal 
transplant recipients at a major transplant center from 2000 to 2009 was performed to assess 
preoperative cardiovascular risk [20]. Among 962 patients with complete records, 357 
patients (37.1%) underwent coronary angiogram demonstrating coronary artery disease 
(CAD) in 212 patients (59.4%) [20].   

Death with graft function (DWGF) was the most common reason for graft loss observed in 
10.4% of 1317 kidney transplants performed at a single major transplant center from 1996 to 
2006 [21]. Of the 318 graft failures identified over the study period, DWGF occurred in 138 
recipients (43.4%) [21]. The causes of DWGF include cardiovascular at 28.2%, infections at 
15.2%, malignancies at 13.8%, and others or unknown represented 42.8% respectively [21]. 
In recent years, the rising imbalance between wait-listed candidates and available organs for 
procurement has necessitated the use of once discarded organs such as ECD and DCD 
kidneys. The expanded use of ECD and DCD kidneys has increased the incidence of DGF 
when compared to SCD transplants. According to the SRTR, the incidence of DGF was 
31.2% for ECD, 37.1% for DCD, and 21.6% for SCD kidney transplants [22]. Tapiawala et al. 
investigated the relationship between DGF and risk of DWGF using data from the USRDS 
[23]. An increased risk of DWGF was observed among kidney transplant recipients with 
DGF (relative hazard of 1.53; 95% confidence interval 1.45 to 1.63 for fully adjusted models). 
Cardiovascular causes of death were slightly more prevalent in patients with DGF [23]. 

Diabetes mellitus is the most common etiology cited for ESRD in the US and a large 
proportion of renal transplants are done in patients with diabetes mellitus [24]. Diabetes 
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mortality risk from cardiovascular comorbidity. ECD kidneys should be considered and 
offered to this age group to potentially shorten the waiting period [17]. 

3. Cardiovascular risk factors 

Patients with ESRD are at risk for cardiovascular disease with 50% of all mortality in this 
population attributable to cardiac complications [20]. A retrospective analysis of 1460 renal 
transplant recipients at a major transplant center from 2000 to 2009 was performed to assess 
preoperative cardiovascular risk [20]. Among 962 patients with complete records, 357 
patients (37.1%) underwent coronary angiogram demonstrating coronary artery disease 
(CAD) in 212 patients (59.4%) [20].   

Death with graft function (DWGF) was the most common reason for graft loss observed in 
10.4% of 1317 kidney transplants performed at a single major transplant center from 1996 to 
2006 [21]. Of the 318 graft failures identified over the study period, DWGF occurred in 138 
recipients (43.4%) [21]. The causes of DWGF include cardiovascular at 28.2%, infections at 
15.2%, malignancies at 13.8%, and others or unknown represented 42.8% respectively [21]. 
In recent years, the rising imbalance between wait-listed candidates and available organs for 
procurement has necessitated the use of once discarded organs such as ECD and DCD 
kidneys. The expanded use of ECD and DCD kidneys has increased the incidence of DGF 
when compared to SCD transplants. According to the SRTR, the incidence of DGF was 
31.2% for ECD, 37.1% for DCD, and 21.6% for SCD kidney transplants [22]. Tapiawala et al. 
investigated the relationship between DGF and risk of DWGF using data from the USRDS 
[23]. An increased risk of DWGF was observed among kidney transplant recipients with 
DGF (relative hazard of 1.53; 95% confidence interval 1.45 to 1.63 for fully adjusted models). 
Cardiovascular causes of death were slightly more prevalent in patients with DGF [23]. 

Diabetes mellitus is the most common etiology cited for ESRD in the US and a large 
proportion of renal transplants are done in patients with diabetes mellitus [24]. Diabetes 
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mellitus confers a poor prognosis for survival after renal transplant in association with 
cardiovascular disease that is often present before transplantation [24]. Ramanathan et al. 
investigated the prevalence of silent CAD in 97 asymptomatic type 1 and 2 diabetic kidney 
and kidney-pancreas transplant candidates by analyzing their cardiac angiogram records 
[25]. The authors observed that 33% of type 1 and 48% of type 2 asymptomatic diabetic 
patients had significant lesions (greater than or equal to 70%) in one or more coronary 
vessels [25]. A Norwegian study by Witczak et al. [26] also showed a high incidence of 
significant CAD in 155 diabetic renal transplant candidates who underwent compulsory 
coronary angiogram testing. Among the 155 patients, 69 patients (45%) were found to have 
significant stenosis (greater than 50%) resulting in 39 patients (57%) who required 
revascularization [26].       

Pulmonary hypertension is highly prevalent in patients with ESRD resulting in increased 
mortality [27]. Identification of pulmonary hypertension may impact early graft function in 
renal transplant recipients [28]. Zlotnick et al. analyzed the impact of pulmonary 
hypertension defined as pulmonary artery systolic pressure (PASP) of greater than or equal 
to 35 mmHg by echocardiographic measurements on DGF and slow graft function (serum 
creatinine of greater than 3 mg/dL on post-transplant day 5) [27]. The authors demonstrated 
that pulmonary hypertension was an independent risk factor for early graft function in DD 
kidney transplants. An increased incidence of early graft dysfunction from 11.7% to 56% 
(P=0.01) was seen in DD transplant recipients with pulmonary hypertension [27].  

In summary, cardiovascular risk should be addressed when assessing renal transplant 
candidates. A wait-list conference convened in 2002 recommended annual cardiovascular 
surveillance for diabetic ESRD patients [29]. Asymptomatic patients with diabetes mellitus 
should undergo rigorous cardiac testing for CAD including coronary angiogram if 
noninvasive studies are suspicious for pathology. Efforts to optimize cardiovascular care 
should be afforded to candidates at risk for DGF if they are potential recipients of ECD and 
DCD kidneys. Pulmonary hypertension should also be identified and addressed for wait-
listed individuals at risk for DGF.    

4. Malignancies 

Malignancy is the third most common cause of mortality after renal transplant [21]. The risk 
of cancer is increased in solid organ transplant recipients [30]. A recent report suggests that 
renal transplant tourism in older individuals may be associated with a higher risk of post-
transplant malignancy [31]. Because immunosuppressive agents could negatively impact 
existing and contribute to the emergence of malignancy after transplant, examining 
transplant candidates for the presence of malignancy is an important aspect of pre-
transplant evaluation. Common malignancies encountered in the dialysis population 
include cancer in the kidney, bladder, and thyroid [32]. The AST guideline for most cancer 
encountered in patients on the wait-list is to delay transplant for 2 years to ensure no 
recurrence and up to 5 years for some cancer with a high incidence of recurrence [see 
reference 4]. However, certain malignancies may not warrant a long wait time [4] and 
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should be evaluated on a case-by-case basis at the transplant center. Herein, updates to 
challenging malignancies during evaluation and after transplant will be presented.  

Post-transplant lymphoproliferative disorder (PTLD) has an incidence of 1-2% in renal 
transplant recipients and occurs at a rate 20-fold higher than in the general population [33]. 
Sampaio et al. investigated the risk of PTLD using the OPTN/UNOS database [34]. Between 
2000 and 2009 and among 137939 kidney transplant recipients, 913 developed PTLD. The 
authors found that Epstein-Barr virus (EBV) donor (D) and recipient (R) status impacted on 
the risk of PTLD. Specifically, EBV D+/R- when compared to D-/R- was associated with an 
increase in PTLD incidence of 35% and 42% in adult DD and LD renal transplants 
respectively [34]. A relationship between monoclonal gammopathy of undetermined 
significance (MGUS) and PTLD was observed in a recent single center retrospective study 
[35]. In the study, MGUS was defined as a serum M protein of less than 3.0 g/dL, bone 
marrow biopsy with less than 10% plasma cells, and the absence of end-organ involvement. 
Of 42 patients with MGUS, 23 were identified prior to kidney transplant. After a median 
follow-up of 8.5 years, 4 (17.4%) patients with pretransplant MGUS went on to develop 2 
cases each of smoldering multiple myeloma and PTLD [35]. Of the 19 posttransplant MGUS 
cases, none developed multiple myeloma but 2 patients were found to have EBV-negative T 
cell lymphoproliferative disorders at 16 and 26 years after transplant [35]. The authors 
concluded that patients with MGUS, a common disease that occurs in 2% of the population 
under the age of 50 could safely receive a kidney transplant [35]. 

Transplant recipients have an increased risk of various skin malignancies such as squamous 
cell carcinoma, melanoma, and basal cell carcinoma [36]. Pretransplant melanoma is often a 
malignancy cited as needing a long recurrence-free waiting time [4]. A recent report from a 
melanoma collaborative working group provided guidance when evaluating a potential 
candidate with a history of melanoma for organ transplant [37]. The recommendation is for 
no wait time in candidates with a prior history of melanoma in situ [37]. The working group 
suggests that the risk of recurrence is lower in thin melanoma (Breslow depth < 1mm) 
without any clinical evidence of metastasis and warrants a waiting time of a minimum of 2 
years [37]. A shorter wait time may be reasonable for melanoma depth of < 1 mm and a 
negative sentinel lymph node (SLN) biopsy. Candidates with melanoma depth of > 2 mm 
should delay transplant until after a 5-year recurrence-free waiting period [37]. Transplant 
may be contraindicated in potential renal transplant recipients with lymph node 
involvement or frank metastatic disease from melanoma [37]. The data is lacking for 
transplant patients with melanoma depth of > 1 mm and < 2mm with a negative SLN 
biopsy. However, since the prognosis of immunocompetent patients with melanoma depth 
of < 2mm is favorable, renal transplant candidates with similar melanoma thickness may be 
eligible for a 2-year waiting period prior to transplant [37].            

5. Recurrent disease 

In a recent large retrospective single center study, recurrent glomerulonephritis (GN) was 
the cause in approximately 15% of kidney allograft failure after censoring for death [21]. 
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should be evaluated on a case-by-case basis at the transplant center. Herein, updates to 
challenging malignancies during evaluation and after transplant will be presented.  

Post-transplant lymphoproliferative disorder (PTLD) has an incidence of 1-2% in renal 
transplant recipients and occurs at a rate 20-fold higher than in the general population [33]. 
Sampaio et al. investigated the risk of PTLD using the OPTN/UNOS database [34]. Between 
2000 and 2009 and among 137939 kidney transplant recipients, 913 developed PTLD. The 
authors found that Epstein-Barr virus (EBV) donor (D) and recipient (R) status impacted on 
the risk of PTLD. Specifically, EBV D+/R- when compared to D-/R- was associated with an 
increase in PTLD incidence of 35% and 42% in adult DD and LD renal transplants 
respectively [34]. A relationship between monoclonal gammopathy of undetermined 
significance (MGUS) and PTLD was observed in a recent single center retrospective study 
[35]. In the study, MGUS was defined as a serum M protein of less than 3.0 g/dL, bone 
marrow biopsy with less than 10% plasma cells, and the absence of end-organ involvement. 
Of 42 patients with MGUS, 23 were identified prior to kidney transplant. After a median 
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cases each of smoldering multiple myeloma and PTLD [35]. Of the 19 posttransplant MGUS 
cases, none developed multiple myeloma but 2 patients were found to have EBV-negative T 
cell lymphoproliferative disorders at 16 and 26 years after transplant [35]. The authors 
concluded that patients with MGUS, a common disease that occurs in 2% of the population 
under the age of 50 could safely receive a kidney transplant [35]. 

Transplant recipients have an increased risk of various skin malignancies such as squamous 
cell carcinoma, melanoma, and basal cell carcinoma [36]. Pretransplant melanoma is often a 
malignancy cited as needing a long recurrence-free waiting time [4]. A recent report from a 
melanoma collaborative working group provided guidance when evaluating a potential 
candidate with a history of melanoma for organ transplant [37]. The recommendation is for 
no wait time in candidates with a prior history of melanoma in situ [37]. The working group 
suggests that the risk of recurrence is lower in thin melanoma (Breslow depth < 1mm) 
without any clinical evidence of metastasis and warrants a waiting time of a minimum of 2 
years [37]. A shorter wait time may be reasonable for melanoma depth of < 1 mm and a 
negative sentinel lymph node (SLN) biopsy. Candidates with melanoma depth of > 2 mm 
should delay transplant until after a 5-year recurrence-free waiting period [37]. Transplant 
may be contraindicated in potential renal transplant recipients with lymph node 
involvement or frank metastatic disease from melanoma [37]. The data is lacking for 
transplant patients with melanoma depth of > 1 mm and < 2mm with a negative SLN 
biopsy. However, since the prognosis of immunocompetent patients with melanoma depth 
of < 2mm is favorable, renal transplant candidates with similar melanoma thickness may be 
eligible for a 2-year waiting period prior to transplant [37].            

5. Recurrent disease 

In a recent large retrospective single center study, recurrent glomerulonephritis (GN) was 
the cause in approximately 15% of kidney allograft failure after censoring for death [21]. 
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Recurrence of prominent GN in the allograft namely focal segmental glomerulosclerosis 
(FSGS) and membranoproliferative GN (MPGN) will be discussed in this section. 

Idiopathic FSGS has a high rate of recurrence after renal transplant. The rate of recurrence is 
estimated at 30% to 50% for the first kidney transplant and as high as 100% in subsequent 
kidney transplants [38]. Recurrence of disease may emerge within hours to days after 
kidney transplant or months to years later. Known risk factors for recurrence are Caucasian 
or Hispanic recipients, history of bilateral native kidney nephrectomy, mesangial 
hypercellularity, young recipients, progression to ESRD within 3 years after the diagnosis of 
FSGS is made, retransplant after failed allograft from FSGS recurrence [38-39]. Genetic and 
acquired mutations have been reported in 15% of idiopathic FSGS affecting slit diaphragm 
proteins such as podocin (NPHS2), nephrin (NPHS1), -actinin 4, CD2AP, and TRPC6 [40-
41]. Recurrence of FSGS may occur in less than 10% of patients with mutations in NPHS2 
and commercial testing for this mutation could help to define the risk for donors [42]. The 
USRDS data reported that living donor transplants do not increase the risk of graft loss in 
FSGS [43]. Krishnan N et al. also reported successful renal transplant between monozygotic 
twins [44]. Cibrik et al. estimated the risk for death-censored graft loss to be 1% per year in 
adult FSGS recipients of zero HLA mismatch live-donor kidney in comparison to 4.4% per 
year for FSGS recipients of zero HLA mismatch deceased-donor kidney [45]. Because FSGS 
recurrence may in some recipients be unavoidable, efforts should be made to educate both 
donors and recipients of the risk with frank discussions about early graft loss. The previous 
finding of a circulating factor (30 to 50 kDa glycoprotein) being responsible for FSGS 
recurrence supports the use of plasmapheresis to manage at risk patients with idiopathic 
FSGS before and after kidney transplants [46]. Recent studies by Wei et al. implicated 
circulating urokinase receptor (suPAR) as a causative factor for FSGS recurrence [47]. In 
their report, the presence of suPAR in the serum was predictive of FSGS recurrence after 
transplant and lowering serum suPAR by plasmapheresis was associated with clinical 
remission [47]. Nozu et al. and Pescovitz et al. described the first two successful cases 
utilizing rituximab in children with recurrent FSGS and subsequent PTLD [48-49]. Followup 
reports by other investigators demonstrated complete, partial, and no response to rituximab 
[reviewed in reference 50]. Rituximab appears to play a direct role by targeting podocytes in 
recurrent FSGS and inducing remission [51]. More studies are needed to clarify recurrent 
FSGS cases that will respond to rituximab. 

MPGN is the most common cause of recurrent GN in renal transplant allografts [38]. Among 
the 3 subtypes of MPGN, MPGN type II is now known as dense deposit disease with 
recurrence occurring in as high as 100% of transplant candidates [38]. On examination via 
electron microscopy, Dense deposit disease (DDD) is manifested by a ribbon-like electron-
dense deposition in the glomerular basement membrane. Patients with DDD tend to have a 
low serum C3 level and up to 80% has a circulating autoantibody to C3Bb known as C3 
nephritic factor (C3Nef) [38]. Evaluation of potential transplant candidates with DDD 
should include a search for the type of complement dysregulation. This is accomplished by 
assessing factor H, I, and membrane cofactor protein levels [38]. Consideration should be 
given to providing fresh frozen plasma prior to and after kidney engraftment in DDD 
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patients with complement dysregulation [38]. Vivarelli et al. recently reported the use of 
eculizumab, an anti-C5 antibody on a young 17-year-old patient with DDD and positive 
C3Nef but normal levels of factor H and factor B. [52]. Eculizumab was administered 
approximately seven years after the disease onset with a baseline focal sclerosis documented 
prior to therapy at 40% of glomeruli. The authors reported a reduction in proteinuria and 
microhematuria following administration of eculizumab. Repeat biopsies at 18 months after 
therapy showed a decrease in dense deposits in the glomerular basement membrane albeit 
with progression of glomerular sclerosis and tubular atrophy [52]. The authors observed an 
increased in the proteinuria when eculizumab was stopped after 18 months [52]. Following 
resumption of eculizumab therapy, the patient again responded with a reduction in 
proteinuria and had a normal renal function and blood pressure despite a persistently low 
serum C3 levels  [52]. Daina et al. similarly reported a favorable clinical response to 
eculizumab in a young patient who had previously received rituximab for DDD [53]. 
Radhakrishnan et al. reported on the successful treatment of refractory MPGN type I in a 16-
year-old girl using eculizumab [54]. In the kidney transplant arena, a recent report by 
McCaughan et al. described the successful use of eculizumab in a recipient with recurrent 
DDD [55]. The patient was a 29-year-old female with ESRD from DDD and she received a 
kidney transplant from her brother after requiring renal replacement therapy for 6 years. 
She received triple immunosuppression with tacrolimus, mycophenolate mofetil, and 
prednisone without any induction and her best serum creatinine was 0.9 mg/dL. A 
recurrence, which was confirmed by biopsy that showed cellular crescents and polymorphs 
in the glomeruli with endocapillary proliferation was noted at 4 weeks after transplant. The 
patient was given a course of methylprednisolone, plasmapheresis, and rituximab with 
progressive deterioration of renal function with a rise in serum creatinine to 4.93 mg/dL. 
After a second biopsy to confirm the diagnosis of DDD at 10 weeks after transplant, 
eculizumab was provided with a loading dose of 900mg for 2 doses given a week apart 
followed by a maintenance dose of 600mg given every 2 weeks. The authors observed an 
immediate response with a dramatic decline in serum creatinine and reduction in 
proteinuria during the first 2 weeks of eculizumab therapy [55]. 

In summary, MPGN and FSGS may recur at a high rate following kidney transplant. 
Although allograft outcome is typically poor following recurrence, new approaches to 
therapy described herein may improve allograft survival. 

6. Infections 

Encountering chronic viral infections in the prospective renal transplant candidate is not 
uncommon. Viral hepatitides may be a known comorbidity or newly diagnosed during the 
transplant evaluation process. Patients with failed kidney transplant due to polyomavirus 
type BK induced nephropathy may present for retransplant evaluation. Increasingly, HIV 
patients with ESRD are also being referred for renal transplant. A list of the most common 
infections of kidney transplant recipients in a chronological order following transplant are 
listed in Table 3. Guidelines on the medical evaluation of hepatitis B or C infections in 
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FSGS cases that will respond to rituximab. 

MPGN is the most common cause of recurrent GN in renal transplant allografts [38]. Among 
the 3 subtypes of MPGN, MPGN type II is now known as dense deposit disease with 
recurrence occurring in as high as 100% of transplant candidates [38]. On examination via 
electron microscopy, Dense deposit disease (DDD) is manifested by a ribbon-like electron-
dense deposition in the glomerular basement membrane. Patients with DDD tend to have a 
low serum C3 level and up to 80% has a circulating autoantibody to C3Bb known as C3 
nephritic factor (C3Nef) [38]. Evaluation of potential transplant candidates with DDD 
should include a search for the type of complement dysregulation. This is accomplished by 
assessing factor H, I, and membrane cofactor protein levels [38]. Consideration should be 
given to providing fresh frozen plasma prior to and after kidney engraftment in DDD 
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patients with complement dysregulation [38]. Vivarelli et al. recently reported the use of 
eculizumab, an anti-C5 antibody on a young 17-year-old patient with DDD and positive 
C3Nef but normal levels of factor H and factor B. [52]. Eculizumab was administered 
approximately seven years after the disease onset with a baseline focal sclerosis documented 
prior to therapy at 40% of glomeruli. The authors reported a reduction in proteinuria and 
microhematuria following administration of eculizumab. Repeat biopsies at 18 months after 
therapy showed a decrease in dense deposits in the glomerular basement membrane albeit 
with progression of glomerular sclerosis and tubular atrophy [52]. The authors observed an 
increased in the proteinuria when eculizumab was stopped after 18 months [52]. Following 
resumption of eculizumab therapy, the patient again responded with a reduction in 
proteinuria and had a normal renal function and blood pressure despite a persistently low 
serum C3 levels  [52]. Daina et al. similarly reported a favorable clinical response to 
eculizumab in a young patient who had previously received rituximab for DDD [53]. 
Radhakrishnan et al. reported on the successful treatment of refractory MPGN type I in a 16-
year-old girl using eculizumab [54]. In the kidney transplant arena, a recent report by 
McCaughan et al. described the successful use of eculizumab in a recipient with recurrent 
DDD [55]. The patient was a 29-year-old female with ESRD from DDD and she received a 
kidney transplant from her brother after requiring renal replacement therapy for 6 years. 
She received triple immunosuppression with tacrolimus, mycophenolate mofetil, and 
prednisone without any induction and her best serum creatinine was 0.9 mg/dL. A 
recurrence, which was confirmed by biopsy that showed cellular crescents and polymorphs 
in the glomeruli with endocapillary proliferation was noted at 4 weeks after transplant. The 
patient was given a course of methylprednisolone, plasmapheresis, and rituximab with 
progressive deterioration of renal function with a rise in serum creatinine to 4.93 mg/dL. 
After a second biopsy to confirm the diagnosis of DDD at 10 weeks after transplant, 
eculizumab was provided with a loading dose of 900mg for 2 doses given a week apart 
followed by a maintenance dose of 600mg given every 2 weeks. The authors observed an 
immediate response with a dramatic decline in serum creatinine and reduction in 
proteinuria during the first 2 weeks of eculizumab therapy [55]. 

In summary, MPGN and FSGS may recur at a high rate following kidney transplant. 
Although allograft outcome is typically poor following recurrence, new approaches to 
therapy described herein may improve allograft survival. 

6. Infections 

Encountering chronic viral infections in the prospective renal transplant candidate is not 
uncommon. Viral hepatitides may be a known comorbidity or newly diagnosed during the 
transplant evaluation process. Patients with failed kidney transplant due to polyomavirus 
type BK induced nephropathy may present for retransplant evaluation. Increasingly, HIV 
patients with ESRD are also being referred for renal transplant. A list of the most common 
infections of kidney transplant recipients in a chronological order following transplant are 
listed in Table 3. Guidelines on the medical evaluation of hepatitis B or C infections in 



 
Current Concepts in Kidney Transplantation 12 

potential transplant candidates were reviewed in reference [4]. Herein, updates on the 
evaluation of BK virus or HIV infected transplant candidates will be discussed. 

 
Perioperative Infections in the Recipient
Nosocomial Infections 
-Methicillin-resistant Staphylococcus aureus (MRSA) 
-Vancomycin-resistant Enterococcus (VRE) 
-Hospital acquired pneumonia (HAP) 
-Clostridium difficile 
-Central venous catheter-associated infections 
-Urinary catheter-associated infections 
Candida 
Aspergillus 
Infections Post-Transplant (1 to 6 months)
Viral infections 
-CMV 
-HSV 
-Shingles (VZV) 
-HBV or HCV recurrence or new infection 
-BKV 
-Community acquired viral infections (adenovirus, parainfluenza, respiratory syncytial 
virus, metapneumovirus) 
Opportunistic infections 
-Pneumocystis carinii (jiroveci) 
-Listeria monocytogenes 
-Toxoplasma gondii 
-Mycoplasma tuberculosis 
-Nocardia 
-Strongyloides 
-Leishmania 
-Aspergillus 
Infections Post-Transplant (>6 months)
Community-acquired pneumonia (CAP) 
CMV 
BKV 
Urinary tract infections 
Colitis 
Aspergillus 
EBV (associated with PTLD) 

BKV: BK (polyoma) virus, CMV: cytomegalovirus, EBV: Epstein-Barr virus, HBV: hepatitis B virus, HCV: hepatitis C 
virus, herpes virus, HSV: herpes simplex virus, PTLD: post-transplant lymphoproliferative disorder 

Table 3. Infections in Kidney Transplant Donors and Recipients 
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A prospective nonrandomized multicenter trial was conducted on HIV-infected ESRD 
patients who underwent live- or deceased-donor renal transplantation at 19 US transplant 
centers [56]. Eligible participants had a CD4+ T-cell count of greater or equal to 200 per cubic 
millimeter and undetectable plasma HIV-1 RNA levels. Participants were on a stable 
regimen of HAART for 16 weeks prior to kidney transplant. A history of treated 
opportunistic infections with the exception of progressive multifocal leukoencephalopathy, 
chronic intestinal cryptosporidiosis, primary central nervous system lymphoma, and 
visceral Kaposi’s sarcoma were permitted for participants in the trial. Patients with hepatitis 
B coinfection must demonstrate undetectable hepatitis B virus surface antigen whereas 
patients coinfected with hepatitis C were offered pretransplant interferon therapy if eligible. 
Patients with hepatitis B and C coinfection had to demonstrate an absence of liver cirrhosis 
by biopsy. Induction with interleukin-2 receptor blocker and/or antithymocyte globulin was 
provided at the discretion of the transplant center. Participants received calcineurin 
inhibitor (CNI) cyclosporine or tacrolimus, mycophenolate mofetil, and glucocorticoid for 
maintenance therapy. CNI was replaced by sirolimus in patients with CNI-related toxicity. 
Among the 150 participants who were enrolled between November 2003 and June 2009, 1 
subject withdrew consent at 6 months whereas 53 subjects had completed at least 3 years of 
follow-up at the time of analysis. The authors observed that the 1 year and 3 years patient 
survival rates (SD) (94.62.0% and 88.23.8%) as well as graft survival rates (90.4% and 
73.7%) were similar to the SRTR database for all kidney transplant recipients during the 
study period [56]. Both univariate and multivariate proportional-hazards models showed an 
increased risk of graft loss that was associated with treatment of rejection and the use of 
antithymocyte globulin induction whereas transplant using living donor graft was 
protective [56]. Of concern, the allograft rejection rate was unexpectedly 2 to 3 fold higher in 
participants of the trial when compared to the SRTR rejection rate at 1-year. Furthermore, 
approximately half of the rejection episodes were steroid-resistant indicative of severe 
rejection. Also unexpected, the authors did not observe any progression of HIV disease in 
the trial in spite of the initial decrease in CD4+ T-cell count and that maintenance 
immunosuppression did not promote HIV viremia. Among the 150 participants, 57 required 
hospitalization for 140 reported infections during the trial with 60% of serious infections 
occurring during the first 6 months after transplant. Of note, 5 cases of BK nephropathy and 
no cases of PTLD were observed during the study. The authors concluded that kidney 
transplant is a safe alternative to dialysis therapy for a select group of HIV-infected ESRD 
patients [56]. 

With the current reliance on immunosuppression, BK virus nephropathy (BKVN) may affect 
up to 8% of kidney allografts [57]. The negative impact of persistent BK viremia following 
BKVN-induced allograft failure on retransplant is a concern during re-evaluation. Womer et 
al. reported successful preemptive retransplant in 2 patients with active BK viremia [58]. 
The first patient was a 20-year-old Asian female deceased-donor renal transplant recipient 
with ESRD due to FSGS. Within approximately 3 years after transplant, BKVN was 
diagnosed along with transplant rejection. Severe allograft dysfunction ensued with 
glomerular filtration rate (GFR) falling to 14 mL/min despite therapy using intravenous 
immunoglobulin (IVIG), intravenous cidofovir, and reduction in overall immunosuppression. 
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A prospective nonrandomized multicenter trial was conducted on HIV-infected ESRD 
patients who underwent live- or deceased-donor renal transplantation at 19 US transplant 
centers [56]. Eligible participants had a CD4+ T-cell count of greater or equal to 200 per cubic 
millimeter and undetectable plasma HIV-1 RNA levels. Participants were on a stable 
regimen of HAART for 16 weeks prior to kidney transplant. A history of treated 
opportunistic infections with the exception of progressive multifocal leukoencephalopathy, 
chronic intestinal cryptosporidiosis, primary central nervous system lymphoma, and 
visceral Kaposi’s sarcoma were permitted for participants in the trial. Patients with hepatitis 
B coinfection must demonstrate undetectable hepatitis B virus surface antigen whereas 
patients coinfected with hepatitis C were offered pretransplant interferon therapy if eligible. 
Patients with hepatitis B and C coinfection had to demonstrate an absence of liver cirrhosis 
by biopsy. Induction with interleukin-2 receptor blocker and/or antithymocyte globulin was 
provided at the discretion of the transplant center. Participants received calcineurin 
inhibitor (CNI) cyclosporine or tacrolimus, mycophenolate mofetil, and glucocorticoid for 
maintenance therapy. CNI was replaced by sirolimus in patients with CNI-related toxicity. 
Among the 150 participants who were enrolled between November 2003 and June 2009, 1 
subject withdrew consent at 6 months whereas 53 subjects had completed at least 3 years of 
follow-up at the time of analysis. The authors observed that the 1 year and 3 years patient 
survival rates (SD) (94.62.0% and 88.23.8%) as well as graft survival rates (90.4% and 
73.7%) were similar to the SRTR database for all kidney transplant recipients during the 
study period [56]. Both univariate and multivariate proportional-hazards models showed an 
increased risk of graft loss that was associated with treatment of rejection and the use of 
antithymocyte globulin induction whereas transplant using living donor graft was 
protective [56]. Of concern, the allograft rejection rate was unexpectedly 2 to 3 fold higher in 
participants of the trial when compared to the SRTR rejection rate at 1-year. Furthermore, 
approximately half of the rejection episodes were steroid-resistant indicative of severe 
rejection. Also unexpected, the authors did not observe any progression of HIV disease in 
the trial in spite of the initial decrease in CD4+ T-cell count and that maintenance 
immunosuppression did not promote HIV viremia. Among the 150 participants, 57 required 
hospitalization for 140 reported infections during the trial with 60% of serious infections 
occurring during the first 6 months after transplant. Of note, 5 cases of BK nephropathy and 
no cases of PTLD were observed during the study. The authors concluded that kidney 
transplant is a safe alternative to dialysis therapy for a select group of HIV-infected ESRD 
patients [56]. 

With the current reliance on immunosuppression, BK virus nephropathy (BKVN) may affect 
up to 8% of kidney allografts [57]. The negative impact of persistent BK viremia following 
BKVN-induced allograft failure on retransplant is a concern during re-evaluation. Womer et 
al. reported successful preemptive retransplant in 2 patients with active BK viremia [58]. 
The first patient was a 20-year-old Asian female deceased-donor renal transplant recipient 
with ESRD due to FSGS. Within approximately 3 years after transplant, BKVN was 
diagnosed along with transplant rejection. Severe allograft dysfunction ensued with 
glomerular filtration rate (GFR) falling to 14 mL/min despite therapy using intravenous 
immunoglobulin (IVIG), intravenous cidofovir, and reduction in overall immunosuppression. 
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Preemptive live-donor renal transplant from a 6 antigen-mismatched biological sister was 
performed with simultaneous allograft nephrectomy. No induction therapy was provided 
and maintenance immunosuppression consisted of prednisone, mycophenolate mofetil, and 
rapamycin. The authors observed a decline in plasma BK virus levels by PCR from 26000 
copies/mL prior to retransplantation to undetectable at 14 days after retransplant. Plasma 
BK viral level of 9300 copies/mL was detected at 5 months after retransplant but had 
disappeared at 8 months and 21 months post-retransplant. A serum creatinine of 1.1 mg/dL 
was reported during the 21-month followup visit. The second patient was a 29-year-old 
Caucasian female simultaneous kidney-pancreas transplant recipient. BKVN was diagnosed 
at approximately 4 years after transplant. Severe allograft dysfunction ensued with 
glomerular filtration rate (GFR) falling to 13 mL/min despite therapy with intravenous 
cidofovir and conversion of CNI from tacrolimus to cyclosporine. Preemptive live-donor 
renal transplant from a 1 haplotype-mismatched biological sister was performed with 
simultaneous allograft nephrectomy. Antithymocyte globulin induction therapy was 
provided and maintenance immunosuppression consisted of prednisone, mycophenolate 
mofetil, and cyclosporine. The authors observed a decline in plasma BK virus levels by PCR 
from 50000 copies/mL prior to retransplantation to undetectable at 5 days after retransplant. 
Plasma BK was detected at 12 months after retransplant. The short-term favorable outcome 
in the case-reports by Womer et al. supports early retransplant of patients following BKVN-
associated allograft failure. Consideration should be given to simultaneous graft 
nephrectomy during retransplant.  

7. Familial renal disease 
Autosomal dominant polycystic kidney disease (ADPKD) is often encountered in transplant 
candidates presenting with a family history of renal disease and ESRD. The requirement and 
optimal timing of kidney nephrectomy may pose a dilemma for the prospective patient, 
referring physicians, and transplant center. Skauby et al. retrospectively analyzed their 
single center live-donor transplant experience comparing the outcome of a consecutive 
series of 159 kidney transplant recipients with ADPKD [59]. After excluding 2 patients with 
insufficient data, 157 patients were divided into 2 groups of ADPKD patients. Group A 
(n=79) received live-donor kidney transplant alone whereas group B (n=78) underwent 
simultaneous bilateral nephrectomy (SBN) and live-donor kidney transplant. The authors 
observed a higher rate of intraoperative complications in group B with significantly longer 
operative time, a higher requirement for blood transfusion, and need for plasma products. 
Two patients from group B required dialysis in comparison to non in group A. However, 
graft survival rates at 1 year and 5 years were similar in groups A and B at 94.8% and 89.6% 
versus 96.1% and 90.8%, respectively. Patient survival up to 5 years was also similar 
between the 2 groups. Based on their study, the authors advocated the following decision 
algorithm. The choice to undergo SBN is dependent on the patient’s personal opinion, 
residual renal function, presence of mass effect, propensity for renal infections, and 
suspicion for malignancy. When nephrectomy of native kidneys is necessary and a live 
donor is available, kidney transplant with SBN may be preemptively performed. In the 
event that plasmapheresis or anticoagulation is required during the perioperative period 
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and nephrectomy of native kidneys is deemed necessary, bilateral nephrectomy is 
performed prior to the transplant.  

Alport’s syndrome is an X-linked disease causing ESRD and affecting predominantly male 
patients. Transplant candidates should be made aware of the uncommon (less than 5%) 
development of anti-glomerular basement membrane (anti-GBM) disease after kidney 
transplant. Anti-GBM disease in allograft presents as crescentic glomerulonephritis with 
linear fixing of IgG and C3 to the glomerular basement membrane and usually induces graft 
loss. Retransplant of candidates with Alport’s syndrome and failed allografts due to anti-
GBM disease remains challenging. Despite plasmapheresis and appropriate anti-T cell 
therapy, Browne et al. showed that graft loss remained unavoidable in patients with Alport 
posttransplant anti-GBM disease [60].    

8. Hematology considerations 

Blood transfusion is often necessary in the perioperative period especially in transplant 
recipients at risk for bleeding. Preemptive transplant candidates may also present with 
profound anemia due to advance uremia or lack of erythropoietin replacement therapy. 
Scornik et al. investigated the contribution of posttransplant blood transfusion to 
development of human leukocyte antigen (HLA) antibodies in 746 patients transplanted 
over a 6-year period [61]. Data on solid-phase HLA antibody testing was available in 199 
patients. Blood transfusion was provided to 45% of the cohort and approximately 80% of the 
transfusion was given during the first month after transplant. The authors observed that the 
frequency of de novo antibodies was 16% in the 199 patients tested. Only 1 person developed 
anti-HLA antibodies in a group of 12 patients who had required transfusion of greater than 
10 red cell units. In the study, non donor-specific anti-HLA antibodies were not induced by 
blood transfusion. Within the limitation of a single center retrospective analysis, the authors 
concluded that unlike pretransplant transfusion, blood transfusion in the posttransplant 
setting did not sensitize transplant recipients [61].   

9. Endocrine considerations 

Overweight is defined as a body mass index (BMI) of greater than or equal to 25 kg/m2 
whereas obesity is defined as a BMI of greater than or equal to 30 kg/m2 [62]. Concurrent 
with an epidemic of obesity in the general population of developed and developing 
countries, the prevalence of obesity has also increased in kidney transplant candidates in 
recent years [63]. Severely obese transplant candidates are at risk for perioperative 
complications such as poor wound healing and DGF. Weissenbacher et al. retrospectively 
analyzed their single center data on 1132 deceased-donor transplant between 2000 and 2009 
[64]. The DGF rate was 32.4% in the entire cohort. Multivariate analyses showed that BMI 
and dialysis vintage were independent risk factors for DGF. The authors demonstrated that 
the incidence of DGF was increased in obese recipients with BMI over 30 kg/m2 at 52.6% 
(P<0.0001) when compared to non-obese kidney transplant recipients [64]. The DGF rate was 
25.2%, 29.8%, and 40.9% for recipients with BMI of less than 18.5 kg/m2, 18.5 to 24.9 kg/m2, 
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and nephrectomy of native kidneys is deemed necessary, bilateral nephrectomy is 
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development of anti-glomerular basement membrane (anti-GBM) disease after kidney 
transplant. Anti-GBM disease in allograft presents as crescentic glomerulonephritis with 
linear fixing of IgG and C3 to the glomerular basement membrane and usually induces graft 
loss. Retransplant of candidates with Alport’s syndrome and failed allografts due to anti-
GBM disease remains challenging. Despite plasmapheresis and appropriate anti-T cell 
therapy, Browne et al. showed that graft loss remained unavoidable in patients with Alport 
posttransplant anti-GBM disease [60].    
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Blood transfusion is often necessary in the perioperative period especially in transplant 
recipients at risk for bleeding. Preemptive transplant candidates may also present with 
profound anemia due to advance uremia or lack of erythropoietin replacement therapy. 
Scornik et al. investigated the contribution of posttransplant blood transfusion to 
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over a 6-year period [61]. Data on solid-phase HLA antibody testing was available in 199 
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Overweight is defined as a body mass index (BMI) of greater than or equal to 25 kg/m2 
whereas obesity is defined as a BMI of greater than or equal to 30 kg/m2 [62]. Concurrent 
with an epidemic of obesity in the general population of developed and developing 
countries, the prevalence of obesity has also increased in kidney transplant candidates in 
recent years [63]. Severely obese transplant candidates are at risk for perioperative 
complications such as poor wound healing and DGF. Weissenbacher et al. retrospectively 
analyzed their single center data on 1132 deceased-donor transplant between 2000 and 2009 
[64]. The DGF rate was 32.4% in the entire cohort. Multivariate analyses showed that BMI 
and dialysis vintage were independent risk factors for DGF. The authors demonstrated that 
the incidence of DGF was increased in obese recipients with BMI over 30 kg/m2 at 52.6% 
(P<0.0001) when compared to non-obese kidney transplant recipients [64]. The DGF rate was 
25.2%, 29.8%, and 40.9% for recipients with BMI of less than 18.5 kg/m2, 18.5 to 24.9 kg/m2, 
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and 25 to 29.9 kg/m2 respectively. In the study, DGF resulted in poor 1- and 5-year graft and 
patient survival.  

In general, prospective transplant candidates with obesity should be referred to a transplant 
dietician for counseling. Eckel has reviewed the treatment option for obesity in the general 
population [62]. Alexander et al. studied gastric bypass procedure (GBP) in thirty morbidly 
obese patients who had chronic renal failure and kidney transplants [65]. Of the 30 patients, 19 
patients had chronic kidney disease (12 were already on dialysis), 8 patients had GBP after 
kidney transplant, and 3 patients had kidney transplant following GBP. The authors observed 
that reduction in BMI in excess above 25 kg/m2 at 1, 2, and 3 years after GBP was similar with 
or without transplantation. The reduction of BMI in excess above 25 kg/m2 was around 70% at 
1 year for the various cohorts. Among the 30 patients, only 1 had serious wound infection after 
removal of sutures and no other complications related to the GBP were reported. Further 
studies are needed in the ESRD population to determine a safe strategy for managing obesity 
while patients are on the transplant wait-list. Morbidly obese transplant candidates who are 
recalcitrant to diet and exercise may require surgical interventions to lose weight. 

10. High-risk candidates 

Additional preoperative preparations are warranted for high-risk transplant candidates who 
are predisposed to perioperative graft dysfunction (Table 4). Herein, three different clinical 
scenarios will be discussed that may impact early graft function and require special 
attention before transplant. 
 

High-Risk Category Treatment Options
Presensitized & highly sensitized 
candidate 

1. Desensitization protocols including 
plasmapheresis, IVIG, and/or Rituximab 

 2. Kidney-paired donation (if living donor 
available) 

 3. Utilization of marginal donor kidneys 
 4. Utilization of pediatric donor kidneys 
Hypercoagulable Conditions 1. Correct underlying disorder if possible 
 2. Begin anticoagulation perioperatively 

with/without heparin bridge and warfarin 
 3. Consider preoperative inferior vena cava filter 
Chronic low blood pressure 1. Consider mineralcorticoid administration 
 2. Maintain aggressive volume resuscitation 
 3. Consider postoperative anticoagulation 

4. Consider vasopressor administration 

Table 4. High-Risk Kidney Transplant Candidates 

Evaluation of a prospective transplant candidate with respect to the blood type and 
determining HLA compatibility as well as confirming a negative donor crossmatch are 
minimum requirements to assess the immunologic risk prior to kidney transplantation. 
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Crossing the ABO blood type barrier as well as transplanting highly sensitized patients with 
anti-donor HLA antibodies may result in hyperacute or accelerated early rejection. Hence, at 
the present time, transplanting an ABO incompatible or complement-dependent cytotoxicity 
(CDC) crossmatch positive kidney should not be undertaken without prior 
“desensitization”. Determination of ABO compatibility between the donor and recipient is 
easily accomplished but must be rigorously enforced in the clinic. Characterizing a 
sensitized prospective transplant candidate is more complicated with recent advancement 
beyond the routine CDC crossmatch method to detect subtle class I and class II anti-donor 
HLA antibodies. Contemporary crossmatch techniques involve the use of flow cytometry-
based principle to detect anti-HLA antibodies. Together with ELISA-based method, flow-
cytometry, and single antigen fluorescent bead (SAFB) or Luminex platform represent new 
solid-phase assays in determining the degree of sensitization in the transplant candidate. 
These techniques have been previously reviewed [66-67]. Contrary to desensitization in the 
field of allergy, “desensitization” in transplantation refers to the procedure of reducing anti-
donor HLA antibodies prior to engraftment. Specific protocols to desensitize patients are 
beyond the scope of this chapter but have been extensively published in the literature. Most 
centers utilize a combination of plasmapheresis, IVIG, and rituximab to desensitize and 
prepare patients with significant immunologic risk [68-69].        

The next at-risk ESRD population going into kidney transplantation to be discussed are 
those predisposed to thrombosis of the allograft in the early posttransplant period. 
Determination of transplant candidates with thrombophilia starts with obtaining a history 
for hypercoagulopathy. Laboratory studies for Factor V Leiden, protein C and S, lupus 
anticoagulant (LA) antibodies, anticardiolipin antibodies (aCL) and anti-2-glycoprotein I 
antibodies (anti-2GPI) may further inform the risk of thrombosis. Antiphospholipid 
syndrome (APLS) is a common cause of acquired thrombophilia characterized by the 
presence of antiphospholipid antibodies (APA). Canaud et al. recently demonstrated the 
negative impact of APA in kidney transplants recipients [70]. Of a cohort of 37 patients with 
APA, 12 met the diagnostic criteria for APLS at the time of transplant. Of the 12 patients 
with APA positive APLS, 4 died early after transplant. Compared to control, patients with 
positive APA had more frequent early graft thrombosis and deep venous thrombosis (27% 
vs. 7%, P<0.05 and 35% vs. 14%, P<0.05 respectively). The authors observed that APA 
positive patients also had a more rapid decline in GFR at 1 year after transplant [70].  

Another high-risk group of transplant candidates have consistently low blood pressure 
heading into the transplant procedure. Webber et al. investigated the role of low blood 
pressure from 993 kidney transplant recipients between 2003 and 2008. They showed using 
a case-control study design that an average mean arterial pressure less than or equal to 80 
mmHg during the 3 months prior to kidney transplantation is a risk factor for primary 
nonfunction of the allograft [71].   

11. Dual organ transplantation 

Kidney transplantation may be performed concurrently with other solid organs such as 
liver, heart, and pancreas. According to the OPTN/SRTR 2006 annual report, the rate of 
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and 25 to 29.9 kg/m2 respectively. In the study, DGF resulted in poor 1- and 5-year graft and 
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High-Risk Category Treatment Options
Presensitized & highly sensitized 
candidate 

1. Desensitization protocols including 
plasmapheresis, IVIG, and/or Rituximab 
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available) 
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Hypercoagulable Conditions 1. Correct underlying disorder if possible 
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Table 4. High-Risk Kidney Transplant Candidates 
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determining HLA compatibility as well as confirming a negative donor crossmatch are 
minimum requirements to assess the immunologic risk prior to kidney transplantation. 
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with APA positive APLS, 4 died early after transplant. Compared to control, patients with 
positive APA had more frequent early graft thrombosis and deep venous thrombosis (27% 
vs. 7%, P<0.05 and 35% vs. 14%, P<0.05 respectively). The authors observed that APA 
positive patients also had a more rapid decline in GFR at 1 year after transplant [70].  

Another high-risk group of transplant candidates have consistently low blood pressure 
heading into the transplant procedure. Webber et al. investigated the role of low blood 
pressure from 993 kidney transplant recipients between 2003 and 2008. They showed using 
a case-control study design that an average mean arterial pressure less than or equal to 80 
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11. Dual organ transplantation 

Kidney transplantation may be performed concurrently with other solid organs such as 
liver, heart, and pancreas. According to the OPTN/SRTR 2006 annual report, the rate of 
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combined pancreas-kidney transplants has remained steady over a five-year period since 
2001. In contrast, multiorgan transplants involving liver-kidney and heart-kidney have 
substantially increased [72]. Considerations given to potential candidates for pancreas and 
liver transplants are listed in Table 5. Herein, evaluation of potential candidates for 
simultaneous pancreas-kidney as well as liver-kidney transplantation will be discussed. 

An estimated 23000 pancreas transplants had been performed worldwide since the 
procedure was introduced four decades ago by Dr. Richard Lillehei [73]. Recently, the 
Centers for Medicare and Medicaid Services (CMS) approved and will cover pancreas 
transplant alone (PTA) procedure done on or after April 26, 2006 [72]. Patients with ESRD 
and insulin-dependent type I diabetes mellitus may benefit from simultaneous pancreas-
kidney (SPK) or pancreas after kidney (PAK) transplantation. Because the waiting time 
depending on local variance may be substantial, approximately half of the wait-listed SPK 
candidates may die if not transplanted within 4 years of listing [74]. Therefore, if a live 
kidney donor is available, PAK should be considered in suitable prospective SPK 
candidates. In 2005, the number of active candidates on the SPK waiting list was 
approximately 1500 whereas it was approximately 330 for the PAK list [72]. The eligibility 
guidelines for pancreas transplantation were reviewed in reference [75]. The presence of 
insulin therapy is required and documentation of a lack of endogenous insulin production is 
accomplished by checking C-peptide level. A reasonably young age is one of the criteria for 
pancreas transplant. We reviewed our single center data on greater than 50-year-old 
pancreas transplant recipients and found them to also be feasible candidates [76]. Further 
studies are needed to establish if a strict age limit should be enforced on prospective 
pancreas transplant candidates. Potential pancreas transplant candidates should be 
evaluated for coronary artery disease (CAD) with consideration for coronary angiogram in 
patients with significant CAD risk factors such as smoking, presence of hypertension, and 
presence of peripheral arterial occlusive disease. Diabetic complications such as retinopathy, 
peripheral and autonomic neuropathy, microangiopathy and macroangiopathy, as well as 
life-threatening metabolic syndrome such as hypoglycemic unawareness must be 
documented during evaluation. Prospective candidate should be informed of the benefits of 
achieving euglycemia via pancreas transplant. The beneficial effects of pancreas transplant 
on retinopathy, neuropathy, nephropathy, vasculopathy, and quality of life were reviewed 
in reference [75]. In addition, candidates must be made aware of the 10-year survival 
advantage after SPK over DD kidney transplant alone (65% versus 46% respectively) [77]. 
For candidates awaiting pancreas transplants on the PAK list, renal allograft function 
should be adequate with creatinine clearance generally well above 40 mL/min. Studies 
investigating the risk of developing diabetes mellitus after successful pancreas transplant 
may provide insights into the optimal preoperative selection of pancreas transplant 
candidates. Dean et al. examined the outcome of 144 pancreas transplants from their center 
between 2001 and 2005 [78]. Posttransplant diabetes mellitus (PTDM) was diagnosed in 28 
patients (19.4%) over the study period and developed at a median time of 87 days after 
pancreas engraftment. The presence of endogenous insulin secretion was confirmed by 
measuring C-peptide when PTDM was diagnosed. Of the 28 patients with PTDM, 26 
became insulin dependent whereas 2 received oral hypoglycemic agents. The authors 
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observed when comparing the PTDM group to those who did not develop diabetes mellitus 
that age at transplant, pretransplant hemoglobin A1c, prednisone doses or tacrolimus 
concentrations were similar. However, patients in the PTDM group had a higher median 
pretransplant BMI (29 vs. 24 kg/m2), higher pretransplant median daily insulin requirement 
(69 vs. 40 units per day), higher mix of pretransplant type II diabetes mellitus (45% vs. 17%), 
and increased incidence of acute rejection. The authors concluded that PTDM could occur in 
pancreas transplant recipients despite documentation of a functioning pancreas allograft in 
patients with increased pretransplant BMI, elevated pretransplant insulin requirement, and 
increased acute pancreas rejection episodes.  
 

Pancreas Transplant Candidate Considerations
Extent of complications of type 1 diabetes mellitus 
Assess/optimize preoperative body mass index (BMI) 
Review total daily insulin requirement 
Previous transplants (i.e. potential locations suitable for placement of pancreas allograft) 
Baseline blood pressure (chronic hypotension increases risk of pancreas allograft 
thrombosis) 
Hypercoagulable conditions (lupus anticoagulant, anticardiolipin antibodies, anti-β2-
glycoprotein I antibodies) 
Availability of a living donor for kidney transplantation 
Liver Transplant Candidate Considerations
Presence of hepatorenal syndrome as cause of end-stage renal disease 
Intrinsic renal disease 
Renal replacement therapy dependence for >8 weeks 
Model of End-stage Liver Disease (MELD) score 
Hepatitis B & C virus specific considerations 
Cardiovascular preoperative assessment 
Rule out underlying preoperative infections 
Nutritional status preoperatively (liver transplant associated with high morbidity) 

Table 5. Dual Organ Transplant Considerations 

The model of end-stage liver disease (MELD) was instituted on February 27, 2002. 
Increasingly, simultaneous liver-kidney transplants (SLK) are performed in more orthotopic 
liver transplant (OLT) candidates since the introduction of the MELD system [79]. In 2001, 
134 recipients of SLK transplants were recorded by the SRTR. By 2007 the number of SLK 
transplant recipients had increased to 444 [79]. Eason et al. reviewed the SRTR database up 
to 2007 and identified that the MELD scores during listing and at transplant were 24 and 25 
respectively for SLK candidates not on dialysis whereas for candidates on dialysis they were 
27 and 31 respectively [79]. Data from SRTR between the year 2002 to 2005 showed that the 
unadjusted waiting list survival for SLK candidates on dialysis fared worst when compared 
to liver transplant alone (LTA) candidates with or without dialysis and SLK candidates not 
on dialysis [79]. Davis et al. recommended an algorithm when evaluating OLT candidates 
for possible SLK [80]. Assessment of renal function based on urinalysis, serum creatinine, 
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combined pancreas-kidney transplants has remained steady over a five-year period since 
2001. In contrast, multiorgan transplants involving liver-kidney and heart-kidney have 
substantially increased [72]. Considerations given to potential candidates for pancreas and 
liver transplants are listed in Table 5. Herein, evaluation of potential candidates for 
simultaneous pancreas-kidney as well as liver-kidney transplantation will be discussed. 

An estimated 23000 pancreas transplants had been performed worldwide since the 
procedure was introduced four decades ago by Dr. Richard Lillehei [73]. Recently, the 
Centers for Medicare and Medicaid Services (CMS) approved and will cover pancreas 
transplant alone (PTA) procedure done on or after April 26, 2006 [72]. Patients with ESRD 
and insulin-dependent type I diabetes mellitus may benefit from simultaneous pancreas-
kidney (SPK) or pancreas after kidney (PAK) transplantation. Because the waiting time 
depending on local variance may be substantial, approximately half of the wait-listed SPK 
candidates may die if not transplanted within 4 years of listing [74]. Therefore, if a live 
kidney donor is available, PAK should be considered in suitable prospective SPK 
candidates. In 2005, the number of active candidates on the SPK waiting list was 
approximately 1500 whereas it was approximately 330 for the PAK list [72]. The eligibility 
guidelines for pancreas transplantation were reviewed in reference [75]. The presence of 
insulin therapy is required and documentation of a lack of endogenous insulin production is 
accomplished by checking C-peptide level. A reasonably young age is one of the criteria for 
pancreas transplant. We reviewed our single center data on greater than 50-year-old 
pancreas transplant recipients and found them to also be feasible candidates [76]. Further 
studies are needed to establish if a strict age limit should be enforced on prospective 
pancreas transplant candidates. Potential pancreas transplant candidates should be 
evaluated for coronary artery disease (CAD) with consideration for coronary angiogram in 
patients with significant CAD risk factors such as smoking, presence of hypertension, and 
presence of peripheral arterial occlusive disease. Diabetic complications such as retinopathy, 
peripheral and autonomic neuropathy, microangiopathy and macroangiopathy, as well as 
life-threatening metabolic syndrome such as hypoglycemic unawareness must be 
documented during evaluation. Prospective candidate should be informed of the benefits of 
achieving euglycemia via pancreas transplant. The beneficial effects of pancreas transplant 
on retinopathy, neuropathy, nephropathy, vasculopathy, and quality of life were reviewed 
in reference [75]. In addition, candidates must be made aware of the 10-year survival 
advantage after SPK over DD kidney transplant alone (65% versus 46% respectively) [77]. 
For candidates awaiting pancreas transplants on the PAK list, renal allograft function 
should be adequate with creatinine clearance generally well above 40 mL/min. Studies 
investigating the risk of developing diabetes mellitus after successful pancreas transplant 
may provide insights into the optimal preoperative selection of pancreas transplant 
candidates. Dean et al. examined the outcome of 144 pancreas transplants from their center 
between 2001 and 2005 [78]. Posttransplant diabetes mellitus (PTDM) was diagnosed in 28 
patients (19.4%) over the study period and developed at a median time of 87 days after 
pancreas engraftment. The presence of endogenous insulin secretion was confirmed by 
measuring C-peptide when PTDM was diagnosed. Of the 28 patients with PTDM, 26 
became insulin dependent whereas 2 received oral hypoglycemic agents. The authors 
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observed when comparing the PTDM group to those who did not develop diabetes mellitus 
that age at transplant, pretransplant hemoglobin A1c, prednisone doses or tacrolimus 
concentrations were similar. However, patients in the PTDM group had a higher median 
pretransplant BMI (29 vs. 24 kg/m2), higher pretransplant median daily insulin requirement 
(69 vs. 40 units per day), higher mix of pretransplant type II diabetes mellitus (45% vs. 17%), 
and increased incidence of acute rejection. The authors concluded that PTDM could occur in 
pancreas transplant recipients despite documentation of a functioning pancreas allograft in 
patients with increased pretransplant BMI, elevated pretransplant insulin requirement, and 
increased acute pancreas rejection episodes.  
 

Pancreas Transplant Candidate Considerations
Extent of complications of type 1 diabetes mellitus 
Assess/optimize preoperative body mass index (BMI) 
Review total daily insulin requirement 
Previous transplants (i.e. potential locations suitable for placement of pancreas allograft) 
Baseline blood pressure (chronic hypotension increases risk of pancreas allograft 
thrombosis) 
Hypercoagulable conditions (lupus anticoagulant, anticardiolipin antibodies, anti-β2-
glycoprotein I antibodies) 
Availability of a living donor for kidney transplantation 
Liver Transplant Candidate Considerations
Presence of hepatorenal syndrome as cause of end-stage renal disease 
Intrinsic renal disease 
Renal replacement therapy dependence for >8 weeks 
Model of End-stage Liver Disease (MELD) score 
Hepatitis B & C virus specific considerations 
Cardiovascular preoperative assessment 
Rule out underlying preoperative infections 
Nutritional status preoperatively (liver transplant associated with high morbidity) 

Table 5. Dual Organ Transplant Considerations 

The model of end-stage liver disease (MELD) was instituted on February 27, 2002. 
Increasingly, simultaneous liver-kidney transplants (SLK) are performed in more orthotopic 
liver transplant (OLT) candidates since the introduction of the MELD system [79]. In 2001, 
134 recipients of SLK transplants were recorded by the SRTR. By 2007 the number of SLK 
transplant recipients had increased to 444 [79]. Eason et al. reviewed the SRTR database up 
to 2007 and identified that the MELD scores during listing and at transplant were 24 and 25 
respectively for SLK candidates not on dialysis whereas for candidates on dialysis they were 
27 and 31 respectively [79]. Data from SRTR between the year 2002 to 2005 showed that the 
unadjusted waiting list survival for SLK candidates on dialysis fared worst when compared 
to liver transplant alone (LTA) candidates with or without dialysis and SLK candidates not 
on dialysis [79]. Davis et al. recommended an algorithm when evaluating OLT candidates 
for possible SLK [80]. Assessment of renal function based on urinalysis, serum creatinine, 
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and spot urine protein to creatinine as well as albumin to creatinine ratios and 24-hour urine 
analysis should be the initial steps taken during evaluation. Abnormal findings during the 
evaluation warrant further assessment based on imaging studies, kidney biopsy, and 
serological analysis. The key element to distinguish when evaluating potential SLK 
candidates is the presence of acute kidney injury (AKI) versus chronic kidney disease 
(CKD). Pichler investigated the etiology of renal insufficiency or persistent hepatorenal 
syndrome (HRS) greater than 4 weeks in 26 OLT candidates [81]. The authors observed 6 
cases of MPGN, 5 cases of IgA nephropathy, 4 cases of AKI, 4 cases of focal global 
glomerulosclerosis, 3 cases of diabetic nephropathy, and 4 cases of normal histology [81]. 
Wadei et al. investigated the feasibility, value, and risk of percutaneous kidney biopsy on 44 
OLT candidates with GFR of less than 40 mL/min/1.73m2 or on renal replacement therapy [82]. 
Of the 44 subjects, 13 had acute tubular necrosis (ATN), 5 had MPGN, 11 had minimal 
findings, and 15 had advance interstitial fibrosis (30%)/glomerulosclerosis (40%) (IF/GS). Of 
the 15 patients with IF/GS detected on kidney biopsy, 14 candidates were listed for SLK, 1 
patient was deemed not a suitable candidate for transplant. Twenty-seven patients who were 
listed for LTA had renal biopsy findings that showed ATN (3 cases), MPGN (2 cases), IF/GS (1 
case), and minimal findings (11 cases). The biopsy complication rate in the study was 30% with 
8 major complications and 5 minor complications. Seven of the 8 major complications 
consisted of retroperitoneal hematoma and gross hematuria, which required selective coil 
embolization in 5 patients. The authors reported no mortality or surgical intervention related 
to the biopsy [82]. Participants of a consensus conference on SLK recommended that SLK 
should be offered to cirrhotic patients with ESRD and symptomatic portal hypertension or 
hepatic vein wedge pressure gradient of 10 mmHg, liver failure and CKD with GFR 30 
mL/min, AKI or HRS with serum creatinine 2.0 mg/dL and renal replacement therapy for 8 
weeks, liver failure and renal biopsy showing 30% GS or IF [79].  

12. Retransplant considerations 

An increasingly number of candidates on the waiting list represent failed kidney transplant 
patients who have been recycled. These patients are potentially sensitized from their 
previous transplants and have unique issues to be considered during re-evaluation. 

Retransplant candidates may present after a long-term history of graft function or a brief 
period of functioning kidney graft. It is important to determine the etiology of transplant 
failure especially if a prior kidney transplant biopsy is available for examination. Cases 
whereby recurrent disease is responsible for graft failure often presents a challenge to the 
candidate and the transplant center. Goldfarb-Rumyantzev et al. analyzed the USRDS 
database to gain insight into the role of preemptive retransplant and subsequent graft and 
patient outcome [83]. A total of 92844 pediatric and adult kidney transplant patients were 
identified between 1990 and 1999 with the follow-up period captured through end of 2000. 
The authors analyzed 11714 recipients who had a single retransplant during the study 
period. Of the 11714 recipients, 1609 received a preemptive retransplant whereas 10,105 
were recipients of non-preemptive retransplant. Consistent with current findings in the 
clinic, the study had a high proportion of DD in recipients of non-preemptive retransplant. 
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The authors showed that the risk of graft failure was higher in preemptive retransplant by 
36% but did not impact on recipient survival [83]. The study also revealed that prolonged 
prior graft survival was protective on successive patient and graft survival.  

Failed kidney transplants in patients with ESRD contribute to increased morbidity and 
mortality [84]. The role of graft nephrectomy may pose as a clinical dilemma in early and 
late kidney transplant failure, which occurs less than or greater than 12 months after 
engraftment. The benefit of removal of a nonfunctional kidney must be weighed against the 
risk of sensitization especially if preemptive retransplant is being considered.  Johnston et al. 
investigated the impact of graft nephrectomy on repeat transplant [85]. The retrospective 
analysis was performed utilizing USRDS database including transplants from 1995 to 2003 
and preemptive repeat kidney transplants were excluded. Of the 19107 patients included in 
the study, 6213 patients underwent a nephrectomy whereas 12894 patients were without 
nephrectomy. The authors observed that transplant nephrectomy was frequently performed 
and twice as common in early versus late graft failure. Transplant nephrectomy appeared to 
be protective in patients with late graft failure but was associated with an increased risk of 
death in patients with early graft loss. However, nephrectomy in late graft loss was 
associated with an increased risk of retransplant failure whereas it was protective in patients 
with early graft loss. Interpretation of the study was limited by a lack of information on the 
indication for nephrectomy and the retrospective nature of the analysis. Marrari et al. 
studied the contribution of graft nephrectomy to the development of donor-specific HLA 
antibodies [86]. A total of 16 international histocompatibility laboratories contributed 65 
cases for analysis. The authors found that the incidence of DSA reactivity determined by 
Luminex assay prior to and after nephrectomy was 64% vs. 87% (p=0.0033) for HLA-A,B 
mismatch category and 57% vs. 86% (p=0.001) for HLA-DRB1 mismatch category. The 
frequencies of individual reactive antigens pre- and post-nephrectomy was 49% vs. 75% 
(p<0.0001) for HLA-A,B mismatch category and 48% vs. 79% (p=0.0001) for HLA-DRB1 
mismatch category. In contrast, the frequencies of DSA to DRB3/4/5 (65% vs. 78%, p=0.22) 
and DQ mismatches (76% vs 87%, p=0.18) were not significantly different before and after 
graft nephrectomy.    

13. Conclusions 

The deceased-donor kidney transplant wait-list in the US has grown from a 15000 patient 
list in 1990 to an approximately 55000 patient list in 2002 and is now approaching a 100000 
patient list in 2012 [29]. The waiting time continues to increase since the annual transplant 
rate has not kept pace. In the US, only approximately 16000 kidney transplants were 
performed in 2009 [87]. Maintaining oversight of the ever-expanding waiting list with 
careful timely review of candidates is an important task for the transplant center. Because 
ESRD patients are at risk for cardiac events while on the waiting list, to reduce 
posttransplant complications, it is imperative that cardiac surveillance is updated in a timely 
manner. For the high-risk diabetic patient, cardiac evaluation may have to be updated on an 
annual basis. Prospective candidates on the list who are suitable should be identified and 
educated on the benefits of ECD kidney transplant. In conclusion, transplant evaluation is 
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and spot urine protein to creatinine as well as albumin to creatinine ratios and 24-hour urine 
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findings, and 15 had advance interstitial fibrosis (30%)/glomerulosclerosis (40%) (IF/GS). Of 
the 15 patients with IF/GS detected on kidney biopsy, 14 candidates were listed for SLK, 1 
patient was deemed not a suitable candidate for transplant. Twenty-seven patients who were 
listed for LTA had renal biopsy findings that showed ATN (3 cases), MPGN (2 cases), IF/GS (1 
case), and minimal findings (11 cases). The biopsy complication rate in the study was 30% with 
8 major complications and 5 minor complications. Seven of the 8 major complications 
consisted of retroperitoneal hematoma and gross hematuria, which required selective coil 
embolization in 5 patients. The authors reported no mortality or surgical intervention related 
to the biopsy [82]. Participants of a consensus conference on SLK recommended that SLK 
should be offered to cirrhotic patients with ESRD and symptomatic portal hypertension or 
hepatic vein wedge pressure gradient of 10 mmHg, liver failure and CKD with GFR 30 
mL/min, AKI or HRS with serum creatinine 2.0 mg/dL and renal replacement therapy for 8 
weeks, liver failure and renal biopsy showing 30% GS or IF [79].  

12. Retransplant considerations 

An increasingly number of candidates on the waiting list represent failed kidney transplant 
patients who have been recycled. These patients are potentially sensitized from their 
previous transplants and have unique issues to be considered during re-evaluation. 

Retransplant candidates may present after a long-term history of graft function or a brief 
period of functioning kidney graft. It is important to determine the etiology of transplant 
failure especially if a prior kidney transplant biopsy is available for examination. Cases 
whereby recurrent disease is responsible for graft failure often presents a challenge to the 
candidate and the transplant center. Goldfarb-Rumyantzev et al. analyzed the USRDS 
database to gain insight into the role of preemptive retransplant and subsequent graft and 
patient outcome [83]. A total of 92844 pediatric and adult kidney transplant patients were 
identified between 1990 and 1999 with the follow-up period captured through end of 2000. 
The authors analyzed 11714 recipients who had a single retransplant during the study 
period. Of the 11714 recipients, 1609 received a preemptive retransplant whereas 10,105 
were recipients of non-preemptive retransplant. Consistent with current findings in the 
clinic, the study had a high proportion of DD in recipients of non-preemptive retransplant. 
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The authors showed that the risk of graft failure was higher in preemptive retransplant by 
36% but did not impact on recipient survival [83]. The study also revealed that prolonged 
prior graft survival was protective on successive patient and graft survival.  

Failed kidney transplants in patients with ESRD contribute to increased morbidity and 
mortality [84]. The role of graft nephrectomy may pose as a clinical dilemma in early and 
late kidney transplant failure, which occurs less than or greater than 12 months after 
engraftment. The benefit of removal of a nonfunctional kidney must be weighed against the 
risk of sensitization especially if preemptive retransplant is being considered.  Johnston et al. 
investigated the impact of graft nephrectomy on repeat transplant [85]. The retrospective 
analysis was performed utilizing USRDS database including transplants from 1995 to 2003 
and preemptive repeat kidney transplants were excluded. Of the 19107 patients included in 
the study, 6213 patients underwent a nephrectomy whereas 12894 patients were without 
nephrectomy. The authors observed that transplant nephrectomy was frequently performed 
and twice as common in early versus late graft failure. Transplant nephrectomy appeared to 
be protective in patients with late graft failure but was associated with an increased risk of 
death in patients with early graft loss. However, nephrectomy in late graft loss was 
associated with an increased risk of retransplant failure whereas it was protective in patients 
with early graft loss. Interpretation of the study was limited by a lack of information on the 
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studied the contribution of graft nephrectomy to the development of donor-specific HLA 
antibodies [86]. A total of 16 international histocompatibility laboratories contributed 65 
cases for analysis. The authors found that the incidence of DSA reactivity determined by 
Luminex assay prior to and after nephrectomy was 64% vs. 87% (p=0.0033) for HLA-A,B 
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frequencies of individual reactive antigens pre- and post-nephrectomy was 49% vs. 75% 
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mismatch category. In contrast, the frequencies of DSA to DRB3/4/5 (65% vs. 78%, p=0.22) 
and DQ mismatches (76% vs 87%, p=0.18) were not significantly different before and after 
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The deceased-donor kidney transplant wait-list in the US has grown from a 15000 patient 
list in 1990 to an approximately 55000 patient list in 2002 and is now approaching a 100000 
patient list in 2012 [29]. The waiting time continues to increase since the annual transplant 
rate has not kept pace. In the US, only approximately 16000 kidney transplants were 
performed in 2009 [87]. Maintaining oversight of the ever-expanding waiting list with 
careful timely review of candidates is an important task for the transplant center. Because 
ESRD patients are at risk for cardiac events while on the waiting list, to reduce 
posttransplant complications, it is imperative that cardiac surveillance is updated in a timely 
manner. For the high-risk diabetic patient, cardiac evaluation may have to be updated on an 
annual basis. Prospective candidates on the list who are suitable should be identified and 
educated on the benefits of ECD kidney transplant. In conclusion, transplant evaluation is 
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an important process for the transplant center to distinguish suitable candidates from 
ineligible ESRD patients. The goal is to anticipate and minimize posttransplant 
complications and to prolong kidney allograft survival.  
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1. Introduction 

Renal transplantation is considered to be the treatment of choice for patients with ESRD. 
The incidence of ESRD is increasing, as a result of the increase in diabetes as well as other 
CKD causes. However the rise in ESRD is not matched by a rise in available kidneys for 
transplantation. As cadaveric kidneys have failed to meet the growing need for organs, 
attention has turned to organs from living donors [1].  

2. History of living kidney donation and justification 

2.1. First identical twin transplant 

The first successful kidney transplant program was at The Peter Bent Brigham hospital in 
Boston. There, in December 1954, Dr. Joseph Murray performed the first successful kidney 
transplant between identical twins. The recipient’s renal disease was presumably secondary 
to chronic glomerulonephritis. The opportunity of transplantation was suggested since the 
patient had a healthy twin brother. Cross skin grafting was performed between the 2 
brothers and skin grafts survived for weeks establishing “genetic identity”. Thirty days after 
the skin grafting, the transplant was performed; Dr. Hartwell Harrison removed the donor 
kidney, which was implanted in the recipient by Dr. Joseph Murray. The team performed 
seven more such transplants during the next four years. The patient died after eight years 
due to development of recurrent glomerulonephritis in the transplanted kidney [2-4]. 

2.2. Long-term survival of living kidney donor allografts 

For recipients of a first deceased kidney in the United States, current 1-year patient and graft 
survival probabilities are about 95% and 88%, respectively. For recipients of a first living 
donor kidney, current 1-year patient and graft survival probabilities are 98% and 94%, 
respectively [5]. Improved immunosuppressive medications have decreased early acute 
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rejection. However, despite the improved short term survival, graft survival half-lives have 
increased only very little, but are almost two-fold higher in recipients of living donors than 
those in patients receiving a transplant from a deceased donor (ten years for deceased 
donors versus 20 years for living donors).[6] The slow improvement in long term survival is 
related in part to chronic allograft nephropathy (CAN) as well as the nephrotoxic effect of 
calcineurin inhibitors. Stronger immunosuppressive regimens lead to increased incidence of 
malignancies and infections that may alter renal function. Immunosuppressive medications 
can also have unfavorable effects on blood pressure, glycemic control and lipid levels that 
may also lead to worsening renal function.  

According to the UNOS renal transplant registry, estimated cadaveric graft half-lives were 7.9 
years for the 1988-1989 (2- year) cohort, 9.2 years for the 1994-1995 cohort, and 11.6 years for 
the 1998-1999 cohort, despite the concurrent greater use of organs from older and less optimal 
deceased donors. Estimated living donor graft half-lives were 12.5 years for the 1988-1989 
cohort, 15.8 years for the 1994-1995 cohort, and 19.3 years for the 1998-1999 cohort [7]. 

Graft survival in living transplants may be favorably affected by the relatively low delayed 
graft function rates (4 % vs. 24 % in cadaveric transplants) [8].  

2.3. Insufficient supply of cadaveric allografts, Limiting waitlist time 

As the incidence of ESRD is rising, kidney transplantation has failed to keep pace. Despite 
all the efforts to increase deceased kidney donation, there is still a shortage of deceased 
kidneys leading to increasing times on the waiting list. This implies increased workload for 
the transplantation centers, to ensure that patients on the waitlist remain fit enough to be 
able to receive a transplant [5]. Efforts have been made to use deceased organs that might 
have formerly not been used. Examples of this are the increased use of Expanded Criteria 
Donor (ECD) kidneys as well as use of donation after cardiac death (DCD) organs [6]. 

This organ shortage has also created a number of ethical and social dilemmas that vary 
across different countries of the world. The prevalence of kidney transplant from living 
donors varies widely around the globe. Factors such as the availability of deceased donors, 
the role of the government, the attitude of local physicians towards the risks of living 
donation, the level of awareness and education about ESRD and transplantation among the 
general population all affect the rates of donation. The proportion of kidney transplant from 
living kidney donors is less than 15 % in most European countries, except for the United 
Kingdom, where it has reached 47% in the last few years [9]. This proportion is only 3.3% in 
Finland, 8% in France, 12% in Belgium, compared to 49.5% in the USA [10]. In Spain, 
efficient identification of deceased renal donors has kept the waiting time short and living 
donors account for less than 5% of all kidney transplants. In Japan, social and cultural 
barriers have limited deceased donor transplantation and living donors account for 80% of 
kidney transplants [11]. In other countries like Egypt and Pakistan, living donor kidney 
transplant is the sole method of transplant available.  

Transplantation increases the survival of patients with renal failure when compared to 
dialysis. One study of United States Renal Data System (USRDS) data compared outcomes 
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in patients on the transplant waiting list (who were continuing to receive dialysis) versus 
those who had received a kidney transplant. It found that, after 3 to 4 years of follow-up, 
transplantation reduced the risk of death overall by 68 % [1]. Transplantation conferred a 
survival benefit in almost all subgroups. In addition, over the long term, it is more cost-
efficient than dialysis. Thus, transplantation remains the optimal therapy for patients with 
ESRD [5]. 

3. Team approach to donor selection and evaluation 

3.1. Medical 

3.1.1. Amsterdam Forum Guidelines 

In April 2004, renal transplant physicians and surgeons met in Amsterdam, The 
Netherlands, for the International Forum on the Care of the Live Kidney Donor. The 
participants included over 100 experts in transplantation from more than 40 countries [12]. 
The main purpose of this forum was to develop an international consensus on the standards 
of care for the living kidney donor and to emphasize the concern of the transplant 
community for the welfare of the donor. It also formed an alliance with the World Health 
Organization (WHO) to implement these standards of care, in continuation to the Madrid 
WHO conference on organ donation and transplantation that was held in October 2003. The 
forum emphasized the low operative risk of renal transplantation that has a perioperative 
mortality rate of 0.03% [13]. It also stressed the importance of long-term safety of this 
procedure noting the absence of accelerated loss of renal function and lack of appearance of 
hypertension in healthy donors post nephrectomy. The forum elaborated in detail about the 
acceptance criteria of donors with hypertension, obesity, dyslipidemia, low-normal renal 
function, hematuria, proteinuria, stone disease and other factors. 

3.1.2. General medical evaluation and informed consent 

The medical evaluation starts with a general assessment that includes a detailed history and 
physical examination, age appropriate medical screening, and a determination of 
contraindications to kidney donation such as active malignancy, active infection, 
transmissible conditions among other conditions that will be discussed in detail below.  

Elements of the living donor evaluation vary across different transplant centers. Some of the 
major components of the general medical evaluation are outlined in table 1 [14].  

Donor age: 

Almost all transplant centers preclude individuals younger than 18 years old from donating 
and consider the age of 18–21 years as a relative contraindication to donation. Young donors 
with even what seems like mild or borderline risk factors should be evaluated more 
stringently as they have many years ahead of them to potentially develop medical 
conditions that may harm the remaining kidney such as diabetes and hypertension [14]. In 
fact, the OPTN (Organ Procurement and Transplantation Network) data showed that most  
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rejection. However, despite the improved short term survival, graft survival half-lives have 
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the transplantation centers, to ensure that patients on the waitlist remain fit enough to be 
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This organ shortage has also created a number of ethical and social dilemmas that vary 
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the role of the government, the attitude of local physicians towards the risks of living 
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general population all affect the rates of donation. The proportion of kidney transplant from 
living kidney donors is less than 15 % in most European countries, except for the United 
Kingdom, where it has reached 47% in the last few years [9]. This proportion is only 3.3% in 
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kidney transplants [11]. In other countries like Egypt and Pakistan, living donor kidney 
transplant is the sole method of transplant available.  

Transplantation increases the survival of patients with renal failure when compared to 
dialysis. One study of United States Renal Data System (USRDS) data compared outcomes 

 
Evaluation of Potential Living Kidney Donors 31 

in patients on the transplant waiting list (who were continuing to receive dialysis) versus 
those who had received a kidney transplant. It found that, after 3 to 4 years of follow-up, 
transplantation reduced the risk of death overall by 68 % [1]. Transplantation conferred a 
survival benefit in almost all subgroups. In addition, over the long term, it is more cost-
efficient than dialysis. Thus, transplantation remains the optimal therapy for patients with 
ESRD [5]. 

3. Team approach to donor selection and evaluation 

3.1. Medical 

3.1.1. Amsterdam Forum Guidelines 

In April 2004, renal transplant physicians and surgeons met in Amsterdam, The 
Netherlands, for the International Forum on the Care of the Live Kidney Donor. The 
participants included over 100 experts in transplantation from more than 40 countries [12]. 
The main purpose of this forum was to develop an international consensus on the standards 
of care for the living kidney donor and to emphasize the concern of the transplant 
community for the welfare of the donor. It also formed an alliance with the World Health 
Organization (WHO) to implement these standards of care, in continuation to the Madrid 
WHO conference on organ donation and transplantation that was held in October 2003. The 
forum emphasized the low operative risk of renal transplantation that has a perioperative 
mortality rate of 0.03% [13]. It also stressed the importance of long-term safety of this 
procedure noting the absence of accelerated loss of renal function and lack of appearance of 
hypertension in healthy donors post nephrectomy. The forum elaborated in detail about the 
acceptance criteria of donors with hypertension, obesity, dyslipidemia, low-normal renal 
function, hematuria, proteinuria, stone disease and other factors. 

3.1.2. General medical evaluation and informed consent 

The medical evaluation starts with a general assessment that includes a detailed history and 
physical examination, age appropriate medical screening, and a determination of 
contraindications to kidney donation such as active malignancy, active infection, 
transmissible conditions among other conditions that will be discussed in detail below.  

Elements of the living donor evaluation vary across different transplant centers. Some of the 
major components of the general medical evaluation are outlined in table 1 [14].  

Donor age: 

Almost all transplant centers preclude individuals younger than 18 years old from donating 
and consider the age of 18–21 years as a relative contraindication to donation. Young donors 
with even what seems like mild or borderline risk factors should be evaluated more 
stringently as they have many years ahead of them to potentially develop medical 
conditions that may harm the remaining kidney such as diabetes and hypertension [14]. In 
fact, the OPTN (Organ Procurement and Transplantation Network) data showed that most  
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Blood group, HLA typing, crossmatch 
Urinalysis and urine culture 
24 hour urine collection for protein and creatinine clearance 
CBC, Prothrombin time, Partial thromboplastin time 
Comprehensive metabolic panel (electrolytes, albumin, alkaline phosphatase, 
 transaminases, Calcium, phosphorus, bilirubin) 
Infectious screen: HIV, hepatitis B and C, Epstein-Barr virus, cytomegalovirus, herpes 
 simplex virus, RPR, tuberculosis (PPD, quantiferon) and if indicated, screen for 
 toxoplasma, trypanosoma, malaria, West Nile. 
Human chorionic gonadotropin quantitative pregnancy test in women younger than 55 
 years 
Fasting blood glucose and lipid profile 
Hemoglobin A1c, glucose tolerance test as clinically indicated 
ECG, CXR 
Echocardiography, cardiac stress testing if clinically indicated 
Age appropriate cancer screening:  
 mammogram, pap smear for women 
 PSA for men 
 colonoscopy 
Renal imaging: CT angiogram or Magnetic resonance angiogram 

Table 1. Living donor medical evaluation [14] 

of the donors who were later listed on the transplant list donated between the ages of 18 and 
34 years and developed ESRD more than 15 years after donating [15]. In a 2007 survey of US 
transplant centers, 21% of the centers list the age of 65 as an upper limit to exclude donation, 
while 60% don’t set an upper age limit for donation [16]. Donation from well selected older 
donors (>60 years old) appears to be safe and has good short and long term outcomes. Well 
selected older donors have no difference in perioperative outcomes when compared to 
younger donors [17,18]. 

Informed consent: 

Living donor transplantation creates a conflict between the duty to do no harm and the duty 
to respect the donor’s autonomy [19]. A fundamental part of the donor evaluation is 
informed consent. The elements of the informed consent process include a careful 
assessment of the donor’s capacity to make medical decisions and understand the 
information provided. The donor should be informed in detail about: 

 the different elements of the donor evaluation process 
 the surgical procedure and the recovery period 
 the potential medical or psychosocial risks to the donor 
 the short and long-term follow-up care requirements 
 the quality of life after donation 
 the availability of alternative treatments for the transplant recipient 
 the recipient’s risks, recurrent disease, and chances for survival 
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 national and center-specific outcomes for recipients and living donors  
 the possibility that the donor’s medical evaluation could reveal conditions that the 

transplant program must report to governmental authorities, such as infection with the 
human immunodeficiency virus 

 the possibility that future health problems related to the donation may not be covered 
by the donor’s insurance and the ability to obtain health disability or life insurance may 
be affected 

 the donor’s right to opt out of donation at any time during the donation process. 

(adapted from The living donor advocate: a team approach to educate, evaluate, and manage donors 
across the continuum [20]) 

3.1.3. Hypertension  

Hypertension (HTN) has been considered as a risk factor for chronic kidney disease (CKD). 
Screening for hypertension in a potential donor includes blood pressure (BP) measurement 
on three separate occasions [12]. Other experts advocate the use of ambulatory blood 
pressure monitoring (ABPM) [21].   

Hypertension, defined by JNC7 as Systolic BP > 140 mm and/or Diastolic BP > 90 mm Hg or 
an average daytime blood pressure > 135/85 on ABPM, is a relative contraindication for 
renal transplantation. Most renal transplant centers exclude potential donors with BP 
greater than 140/90 by ABPM from donation. The prospective donor should have a mean 
awake BP less than 135/85 mm Hg and a BP less than 120/75 mm Hg when asleep.  

On the other hand, the association of HTN with CKD has been argued in other studies. The 
RHEDY Study examined 1856 patients with primary HTN, with an average age of 47 years. 
Microalbuminuria and macroalbuminuria were detected, respectively, in 22.7 and 0.7% of 
the entire population. Systolic BP and abdominal obesity were two important determinants 
of microalbuminuria. However, only 5.2% of patients had simultaneously albuminuria and 
a reduced estimated GFR, implying a weak relation to one another [22].  

Renal outcomes of kidney donors who were hypertensive at baseline were found to be 
favorable in some studies. Gil Thiel reported 18 donors who were hypertensive at the time 
of nephrectomy. The renal function, assessed by the creatinine clearance, of the 18 donors 
who were hypertensive at nephrectomy, was no different than the 75 normotensive donors 
[23]. In a report from Stegall from the Mayo clinic, 24 donors had hypertension, as defined 
by awake ABPM>135/85 mm Hg and/or office BP>140/90 mm Hg before donation. 
Hypertensive donors were older (53.4 vs. 41.4 years, P<.0001). The GFR (determined by 
iothalamate clearance) of the 24 hypertensive donors was not statistically different than 150 
normotensive donors prior to nephrectomy or at 1 year postdonation. None of the subjects 
had albuminuria [24]. 

The following consensus guidelines regarding hypertensive donors were adopted at the 
Amsterdam Forum on the Care of the Live Kidney Donor [12]: 

 Patients with a BP > 140/90 mmHg by ABPM are generally not acceptable as donors.  
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Blood group, HLA typing, crossmatch 
Urinalysis and urine culture 
24 hour urine collection for protein and creatinine clearance 
CBC, Prothrombin time, Partial thromboplastin time 
Comprehensive metabolic panel (electrolytes, albumin, alkaline phosphatase, 
 transaminases, Calcium, phosphorus, bilirubin) 
Infectious screen: HIV, hepatitis B and C, Epstein-Barr virus, cytomegalovirus, herpes 
 simplex virus, RPR, tuberculosis (PPD, quantiferon) and if indicated, screen for 
 toxoplasma, trypanosoma, malaria, West Nile. 
Human chorionic gonadotropin quantitative pregnancy test in women younger than 55 
 years 
Fasting blood glucose and lipid profile 
Hemoglobin A1c, glucose tolerance test as clinically indicated 
ECG, CXR 
Echocardiography, cardiac stress testing if clinically indicated 
Age appropriate cancer screening:  
 mammogram, pap smear for women 
 PSA for men 
 colonoscopy 
Renal imaging: CT angiogram or Magnetic resonance angiogram 

Table 1. Living donor medical evaluation [14] 

of the donors who were later listed on the transplant list donated between the ages of 18 and 
34 years and developed ESRD more than 15 years after donating [15]. In a 2007 survey of US 
transplant centers, 21% of the centers list the age of 65 as an upper limit to exclude donation, 
while 60% don’t set an upper age limit for donation [16]. Donation from well selected older 
donors (>60 years old) appears to be safe and has good short and long term outcomes. Well 
selected older donors have no difference in perioperative outcomes when compared to 
younger donors [17,18]. 

Informed consent: 

Living donor transplantation creates a conflict between the duty to do no harm and the duty 
to respect the donor’s autonomy [19]. A fundamental part of the donor evaluation is 
informed consent. The elements of the informed consent process include a careful 
assessment of the donor’s capacity to make medical decisions and understand the 
information provided. The donor should be informed in detail about: 

 the different elements of the donor evaluation process 
 the surgical procedure and the recovery period 
 the potential medical or psychosocial risks to the donor 
 the short and long-term follow-up care requirements 
 the quality of life after donation 
 the availability of alternative treatments for the transplant recipient 
 the recipient’s risks, recurrent disease, and chances for survival 
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an average daytime blood pressure > 135/85 on ABPM, is a relative contraindication for 
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greater than 140/90 by ABPM from donation. The prospective donor should have a mean 
awake BP less than 135/85 mm Hg and a BP less than 120/75 mm Hg when asleep.  

On the other hand, the association of HTN with CKD has been argued in other studies. The 
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a reduced estimated GFR, implying a weak relation to one another [22].  
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favorable in some studies. Gil Thiel reported 18 donors who were hypertensive at the time 
of nephrectomy. The renal function, assessed by the creatinine clearance, of the 18 donors 
who were hypertensive at nephrectomy, was no different than the 75 normotensive donors 
[23]. In a report from Stegall from the Mayo clinic, 24 donors had hypertension, as defined 
by awake ABPM>135/85 mm Hg and/or office BP>140/90 mm Hg before donation. 
Hypertensive donors were older (53.4 vs. 41.4 years, P<.0001). The GFR (determined by 
iothalamate clearance) of the 24 hypertensive donors was not statistically different than 150 
normotensive donors prior to nephrectomy or at 1 year postdonation. None of the subjects 
had albuminuria [24]. 

The following consensus guidelines regarding hypertensive donors were adopted at the 
Amsterdam Forum on the Care of the Live Kidney Donor [12]: 

 Patients with a BP > 140/90 mmHg by ABPM are generally not acceptable as donors.  
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 BP should preferably be measured by ABPM, particularly among older donors (≥50 
years and/or those with high office BP readings.  

 Some patients with easily controlled hypertension who meet other defined criteria (e.g., 
>50 years of age, GFR ≥ 80 mL/min/1.73m2, and urinary albumin excretion < 30 mg/day) 
may represent a low-risk group for development of kidney disease after donation and 
may be acceptable as kidney donors.  

 In cases with borderline high BP, and/or abnormalities suggesting cardiomegaly, or left 
ventricular hypertrophy on chest radiograph or electrocardiogram, an echocardiogram 
may be considered to evaluate for cardiac hypertrophy.  

Patients with borderline BP and/or easily controlled hypertension can be considered for 
donation if they meet the following criteria [12]: 

 more than 50 years of age 
 not African American 
 urine albumin excretion<30mg/day 
 no signs of end organ damage 
 GFR>80ml/min/1.73m2  

3.1.4. Nephrolithiasis 

Nephrolithiasis affects 12% of the population and is increasing in prevalence [25]. The 
routine evaluation of kidney donor should include screening for kidney stones. The risk of 
kidney donation in a stone former includes the risk of stone recurrence and development of 
obstructive uropathy as well as urinary tract infections that may lead to worsening kidney 
function. Most stones are calcium containing stones, and carry a 50% recurrence risk at 5-10 
years [26]. Patients with nephrolithiasis should be screened for metabolic abnormalities that 
predispose to stone formation.  

Burgher et al conducted a retrospective evaluation of 300 male patients, 62.8 years old on 
average, who were followed for a mean of 3.26 years for asymptomatic renal calculi. Mean 
stone diameter was 10.8mm. 77% of patients experienced disease progression, with 26% 
requiring surgical intervention. Stone size, blood and urine uric acid level were associated 
with increased risk of growth. Small (<4mm), non uric acid, upper-pole calculi in patients 
with normal metabolic profile had the slowest progression [25]. 

After unilateral nephrectomy for pyelonephritis in patients with stone disease, the overall 
risk for stone recurrence is about 30% over a mean follow up of 5 years. In this study, the 
kidney function remained normal over the 5 year follow up period [27].  

According to the Amsterdam forum,[12] an asymptomatic potential donor with history of a 
single stone may be suitable for kidney donation if: 

 No hypercalcuria, hyperuricemia, metabolic acidosis, hypocitraturia, cystinuria or 
hyperoxaluria 
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 No urinary tract infection 
 Multiple stones or nephrocalcinosis are not evident on computed tomography (CT) scan 

Asymptomatic potential donor with current single stone may be suitable if [12]: 

 The donor meets the criteria shown previously for single stone formers, and 
 Current stone is <1.5 cm in size or potentially removable during transplant 
 No evidence of nephrocalcinosis on imaging 

Stone formers who should not donate are those with [12]: 

 Nephrocalcinosis on X ray 
 Multiple stone in one kidney or bilateral stone disease; and 
 Stone types that have high recurrence rates and are difficult to prevent, such as: 

 Cystine stones that have a high rate of recurrence 
 Struvite stones or infection stones, which would be difficult to eradicate in an 

immunosuppressed host 
 Stones associated with inherited or other systemic disorders, such as primary or 

enteric hyperoxaluria, distal renal tubular acidosis, sarcoid and inflammatory 
bowel disease  

 Recurrence while on appropriate treatment 

Spiral CT is the imaging technique of choice to detect stones or nephrocalcinosis. Age is an 
important clinical parameter that predicts recurrence since a stone detected in a person older 
than 50 years is unlikely to recur, whereas stone recurrence is higher in subjects aged 25-35 
years [28]. 

3.1.5. Obesity 

Obesity is defined by a BMI greater than 30kg/m2. Obesity has been regarded as a risk factor 
for surgical complications, diabetes, glomerular disease (focal segmental glomerulosclerosis) 
with proteinuria, hypertension and ESRD in prospective living donors [29]. The relative risk 
for developing ESRD is threefold for a BMI between 30 and 35 kg/m2 and nearly fivefold for 
a BMI of 35–40 kg/m2 [30].  

Obesity was shown to have a positive correlation with the development of proteinuria and 
renal insufficiency in patients who had previously undergone nephrectomy and who had 
normal renal function and no proteinuria at the time of the nephrectomy. Praga et al 
conducted a cross-sectional study in 73 patients who had undergone unilateral nephrectomy 
with normal kidney function at the time of nephrectomy. Indications for nephrectomy were 
stones, renal mass, pyelonephritis, hydronephrosis or tuberculosis. The group of patients 
who developed proteinuria and renal insufficiency at follow up had a mean BMI of 31 at the 
time of nephrectomy in comparison with a BMI of 24 in the group who did not have any 
proteinuria or renal insufficiency. The time elapsed between nephrectomy and onset of 
proteinuria was 10.1 +/- 6.1 years. The time elapsed between proteinuria appearance and the 
onset of renal insufficiency was 4.1 +/- 4.3 years [31].  
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years and/or those with high office BP readings.  
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with increased risk of growth. Small (<4mm), non uric acid, upper-pole calculi in patients 
with normal metabolic profile had the slowest progression [25]. 

After unilateral nephrectomy for pyelonephritis in patients with stone disease, the overall 
risk for stone recurrence is about 30% over a mean follow up of 5 years. In this study, the 
kidney function remained normal over the 5 year follow up period [27].  

According to the Amsterdam forum,[12] an asymptomatic potential donor with history of a 
single stone may be suitable for kidney donation if: 

 No hypercalcuria, hyperuricemia, metabolic acidosis, hypocitraturia, cystinuria or 
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 No urinary tract infection 
 Multiple stones or nephrocalcinosis are not evident on computed tomography (CT) scan 

Asymptomatic potential donor with current single stone may be suitable if [12]: 

 The donor meets the criteria shown previously for single stone formers, and 
 Current stone is <1.5 cm in size or potentially removable during transplant 
 No evidence of nephrocalcinosis on imaging 

Stone formers who should not donate are those with [12]: 

 Nephrocalcinosis on X ray 
 Multiple stone in one kidney or bilateral stone disease; and 
 Stone types that have high recurrence rates and are difficult to prevent, such as: 

 Cystine stones that have a high rate of recurrence 
 Struvite stones or infection stones, which would be difficult to eradicate in an 

immunosuppressed host 
 Stones associated with inherited or other systemic disorders, such as primary or 

enteric hyperoxaluria, distal renal tubular acidosis, sarcoid and inflammatory 
bowel disease  

 Recurrence while on appropriate treatment 

Spiral CT is the imaging technique of choice to detect stones or nephrocalcinosis. Age is an 
important clinical parameter that predicts recurrence since a stone detected in a person older 
than 50 years is unlikely to recur, whereas stone recurrence is higher in subjects aged 25-35 
years [28]. 

3.1.5. Obesity 

Obesity is defined by a BMI greater than 30kg/m2. Obesity has been regarded as a risk factor 
for surgical complications, diabetes, glomerular disease (focal segmental glomerulosclerosis) 
with proteinuria, hypertension and ESRD in prospective living donors [29]. The relative risk 
for developing ESRD is threefold for a BMI between 30 and 35 kg/m2 and nearly fivefold for 
a BMI of 35–40 kg/m2 [30].  

Obesity was shown to have a positive correlation with the development of proteinuria and 
renal insufficiency in patients who had previously undergone nephrectomy and who had 
normal renal function and no proteinuria at the time of the nephrectomy. Praga et al 
conducted a cross-sectional study in 73 patients who had undergone unilateral nephrectomy 
with normal kidney function at the time of nephrectomy. Indications for nephrectomy were 
stones, renal mass, pyelonephritis, hydronephrosis or tuberculosis. The group of patients 
who developed proteinuria and renal insufficiency at follow up had a mean BMI of 31 at the 
time of nephrectomy in comparison with a BMI of 24 in the group who did not have any 
proteinuria or renal insufficiency. The time elapsed between nephrectomy and onset of 
proteinuria was 10.1 +/- 6.1 years. The time elapsed between proteinuria appearance and the 
onset of renal insufficiency was 4.1 +/- 4.3 years [31].  
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On the other hand, a retrospective analysis of 553 kidneys donors showed that obese 
(BMI>35) vs. non obese (BMI<25) donors had a similar peri-operative complications except 
for more wound infections (9% vs. 94%) and longer operative time (mean increase 19 
minutes) in the obese group. Both groups had similar GFR at 1 year and no blood pressure 
elevation or proteinuria at 1 year follow up [32].  

About 50% of transplant centers in the USA exclude potential donors with BMI more than 
35, and 10% exclude donors with BMI above 30kg/m2 [26]. The Amsterdam Forum on the 
Care of the Live Kidney Donor [12] suggested that patients with a BMI > 35 kg/m2 should be 
discouraged from donating, especially when other comorbid conditions are present and 
encouraged to adopt healthy lifestyle and to lose weight. 

3.1.6. Diabetes 

Diabetes Mellitus is defined as having fasting plasma glucose level of at least 126mg/dl or a 
plasma glucose level of at least 200mg/dl 2 hours after a 75 grams glucose challenge, 
confirmed by a repeat testing on a different day (see table 2).  
 

 Prediabetes Diabetes 

Fasting plasma glucose 
(mg/dl) 

100-125 
(impaired fasting glucose: IFG) 

≥ 126 

2 hr plasma glucose after 
75g glucose load (mg/dl) 

140-199 
(impaired glucose tolerance: IGT)

≥200 

Hemoglobin A1c 5.7-6.4% ≥6.5% 

Table 2. Diagnostic criteria for Diabetes and Prediabetes 

All potential living donors should have a fasting plasma glucose testing. Those with fasting 
plasma glucose between 100 and 125 mg/dl and patients with risk factors for diabetes 
(BMI>30, parent or first degree relative with diabetes, history of gestational diabetes, 
delivery of large birth weight baby (>9lbs), BP>140/90, dyslipidemia, vascular disease, 
history of alcohol abuse, polycystic ovary syndrome, acanthosis nigricans), should have an 
oral glucose tolerance test (OGTT). Donors younger than 40 years old with a second-degree 
relative with type 2 diabetes should also undergo an OGTT [26]. 

Single kidney diabetic patients have higher proportion of albuminuria and lower GFR than 
single kidney non diabetic patients and diabetic patients with 2 kidneys [33]. Most 
transplantation centers regard established diabetes mellitus as a contraindication to living 
donation. According to International Amsterdam forum on living donor care, individuals 
with a history of diabetes or fasting blood glucose of ≥126 mg/dl on at least two occasions 
(or 2-h glucose with OGTT ≥ 200mg/dl) should be precluded from donating [12]. 

Prediabetes is viewed as a relative contraindication to living donation. Prospective donors 
with prediabetes (IFG, IGT) should be assessed on an individual basis. A study by Okamoto 
of 44 donors with impaired glucose tolerance concluded that these patients had equal 
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survival compared to a non-diabetic cohort at 5, 10, and 20 years. None of these prediabetic 
donors had chronic kidney disease or required diabetic medications at mean follow-up 
point of 7 years [34]. Individuals with prediabetes should be counseled about lifestyle 
modifications, healthy diet, exercise, and smoking cessation. They should be counseled 
about the risk of progression to overt diabetes. Experts recommend against donation in 
patients who have impaired glucose tolerance and additional risk factors, as listed above. 
Patients with impaired fasting glucose in the high range have a high risk of progression to 
diabetes and are discouraged from donation.  

3.1.7. Inheritable diseases 

When evaluating related living donors, special attention should be given to evaluate for 
potential inherited renal diseases. An extensive family history of renal disease 
manifestations, as well as extrarenal manifestations, namely hearing and ocular 
abnormalities and biopsy documentation of recipient’s renal disease provide critical 
information in the decision-making process of kidney donation [35].  

APKD 

Autosomal dominant polycystic kidney disease (ADPKD) is the most common hereditary 
renal disease, occurring in 1 in 400–1,000 live births, and accounting for more than 5% of 
cases of ESRD in Europe and North America. 85 % of the cases are secondary to a mutation 
in PKD1 gene on chromosome 16, which encodes polycystin1 and progress to ESRD at a 
mean age of 54 years. The remaining 15% of the cases are caused by a mutation in PKD2 
gene, located on chromosome 4, that encodes for polycystin 2 and manifest with ESRD at the 
age of 74 [36]. 

The diagnosis of ADPKD is made based on age-specific criteria. In families of unknown 
genotype, the presence of 3 or more (unilateral or bilateral) renal cysts is sufficient for 
establishing the diagnosis in individuals aged 15 to 39 years, two or more cysts in each 
kidney is sufficient for individuals aged 40 to 59 years, and four or more cysts in each 
kidney is required for individuals ≥60 years. Conversely, fewer than two renal cysts in at-
risk individuals aged ≥40 years are sufficient to exclude the disease [37].  

In at risk individuals aged more than 30 years, absence of cysts by ultrasound excludes 
diagnosis of ADPKD in 98% of cases. In at risk individuals less than 30 years, a negative 
ultrasound does not rule out the disease; more sensitive imaging is needed such as CT 
Scanning and T2 weighted MRI which are more sensitive in detecting small cysts (<2-
3mm). In potential donors aged <30 years, a negative renal ultrasound scan does not 
exclude type 2 ADPKD; however, a negative renal ultrasound scan and a negative CT 
scan may be adequate to exclude type 1 ADPKD in such donors [35]. When results of 
imaging are equivocal, genetic testing is available. This includes linkage analysis and gene 
sequencing. Linkage analysis requires multiple affected and unaffected family members. 
However, in clinical practice, it is difficult to elucidate an extensive family history of 
ADPKD. In that case, direct PKD gene sequence analysis would be required and is the 
most commonly used genetic testing. Because of the high prevalence of polymorphisms, 
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On the other hand, a retrospective analysis of 553 kidneys donors showed that obese 
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35, and 10% exclude donors with BMI above 30kg/m2 [26]. The Amsterdam Forum on the 
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Diabetes Mellitus is defined as having fasting plasma glucose level of at least 126mg/dl or a 
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confirmed by a repeat testing on a different day (see table 2).  
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Table 2. Diagnostic criteria for Diabetes and Prediabetes 

All potential living donors should have a fasting plasma glucose testing. Those with fasting 
plasma glucose between 100 and 125 mg/dl and patients with risk factors for diabetes 
(BMI>30, parent or first degree relative with diabetes, history of gestational diabetes, 
delivery of large birth weight baby (>9lbs), BP>140/90, dyslipidemia, vascular disease, 
history of alcohol abuse, polycystic ovary syndrome, acanthosis nigricans), should have an 
oral glucose tolerance test (OGTT). Donors younger than 40 years old with a second-degree 
relative with type 2 diabetes should also undergo an OGTT [26]. 

Single kidney diabetic patients have higher proportion of albuminuria and lower GFR than 
single kidney non diabetic patients and diabetic patients with 2 kidneys [33]. Most 
transplantation centers regard established diabetes mellitus as a contraindication to living 
donation. According to International Amsterdam forum on living donor care, individuals 
with a history of diabetes or fasting blood glucose of ≥126 mg/dl on at least two occasions 
(or 2-h glucose with OGTT ≥ 200mg/dl) should be precluded from donating [12]. 

Prediabetes is viewed as a relative contraindication to living donation. Prospective donors 
with prediabetes (IFG, IGT) should be assessed on an individual basis. A study by Okamoto 
of 44 donors with impaired glucose tolerance concluded that these patients had equal 
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survival compared to a non-diabetic cohort at 5, 10, and 20 years. None of these prediabetic 
donors had chronic kidney disease or required diabetic medications at mean follow-up 
point of 7 years [34]. Individuals with prediabetes should be counseled about lifestyle 
modifications, healthy diet, exercise, and smoking cessation. They should be counseled 
about the risk of progression to overt diabetes. Experts recommend against donation in 
patients who have impaired glucose tolerance and additional risk factors, as listed above. 
Patients with impaired fasting glucose in the high range have a high risk of progression to 
diabetes and are discouraged from donation.  

3.1.7. Inheritable diseases 

When evaluating related living donors, special attention should be given to evaluate for 
potential inherited renal diseases. An extensive family history of renal disease 
manifestations, as well as extrarenal manifestations, namely hearing and ocular 
abnormalities and biopsy documentation of recipient’s renal disease provide critical 
information in the decision-making process of kidney donation [35].  

APKD 

Autosomal dominant polycystic kidney disease (ADPKD) is the most common hereditary 
renal disease, occurring in 1 in 400–1,000 live births, and accounting for more than 5% of 
cases of ESRD in Europe and North America. 85 % of the cases are secondary to a mutation 
in PKD1 gene on chromosome 16, which encodes polycystin1 and progress to ESRD at a 
mean age of 54 years. The remaining 15% of the cases are caused by a mutation in PKD2 
gene, located on chromosome 4, that encodes for polycystin 2 and manifest with ESRD at the 
age of 74 [36]. 

The diagnosis of ADPKD is made based on age-specific criteria. In families of unknown 
genotype, the presence of 3 or more (unilateral or bilateral) renal cysts is sufficient for 
establishing the diagnosis in individuals aged 15 to 39 years, two or more cysts in each 
kidney is sufficient for individuals aged 40 to 59 years, and four or more cysts in each 
kidney is required for individuals ≥60 years. Conversely, fewer than two renal cysts in at-
risk individuals aged ≥40 years are sufficient to exclude the disease [37].  

In at risk individuals aged more than 30 years, absence of cysts by ultrasound excludes 
diagnosis of ADPKD in 98% of cases. In at risk individuals less than 30 years, a negative 
ultrasound does not rule out the disease; more sensitive imaging is needed such as CT 
Scanning and T2 weighted MRI which are more sensitive in detecting small cysts (<2-
3mm). In potential donors aged <30 years, a negative renal ultrasound scan does not 
exclude type 2 ADPKD; however, a negative renal ultrasound scan and a negative CT 
scan may be adequate to exclude type 1 ADPKD in such donors [35]. When results of 
imaging are equivocal, genetic testing is available. This includes linkage analysis and gene 
sequencing. Linkage analysis requires multiple affected and unaffected family members. 
However, in clinical practice, it is difficult to elucidate an extensive family history of 
ADPKD. In that case, direct PKD gene sequence analysis would be required and is the 
most commonly used genetic testing. Because of the high prevalence of polymorphisms, 
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the diagnosis is established unequivocally by gene sequencing in only about 40–60% of all 
cases [38].  

The failure to confirm or exclude the diagnosis of ADPKD has broad implications for both 
the donor and recipient, especially when the prospective donor is a young family member, 
in whom ultrasonography is less likely to be helpful. Huang et al [39] attempted to provide 
a diagnostic strategy that is based on genetic testing of live kidney donors at 50% risk for 
ADPKD in whom renal imaging studies are inconclusive. First, if genetic linkage analysis is 
not feasible, then the prospective recipient undergoes PKD gene sequencing. If a PKD gene 
mutation is identified then directed genetic testing of the donor is done. A donor is 
ineligible if the genetic test is positive. If the mutation is not found in the donor, then the 
diagnosis of ADPKD is excluded and transplantation can proceed. If the recipient’s genetic 
test is indeterminate, then genotyping of the donor is not performed and donation is 
deferred. This strategy is likely to increase the number of renal transplants from living 
related donors who would otherwise have been excluded by their indeterminate renal 
imaging. It can also uncover undiagnosed ADPKD. On the other hand, the diagnostic 
sensitivity of direct sequencing is relatively low, especially for the PKD1 gene, because it is 
highly polymorphic. The test is expensive and adds to the cost of pretransplant evaluation. 
In summary, living donation is contraindicated in potential donors aged <30 years old for 
whom imaging techniques do not show cysts but for whom genetic tests show positive 
results for mutated PKD genes, although no data exist on the risk of ESRD in such 
individuals [35]. It is considered safe to proceed with kidney donation if imaging studies 
and genetic studies exclude ADPKD. 

Alport’s syndrome 

In approximately 85% of patients, Alport syndrome is inherited as an X linked disease and is 
caused by mutations in the COL4A5 gene, which encodes the α5 chain of type IV collagen. 
De novo mutations occur in 10% of cases of X linked Alport syndrome. In 15% of the cases, 
the transmission is autosomal recessive, and is caused by mutations affecting COL4A3 or 
COL4A4 located on chromosome 2. The autosomal dominant form of Alport syndrome is 
very rare and is caused by heterozygous mutations in COL4A3 or COL4A4 genes. Affected 
individuals can also have sensironeural hearing loss and ocular abnormalities. Sensorineural 
hearing loss is the most common extrarenal manifestation and the progression of hearing 
loss often parallels the progression of renal disease. Anterior lenticonus, a conical protrusion 
of the lens in the anterior chamber, develops progressively and mainly occurs in male 
patients. The most common renal manifestation is hematuria.  

Prospective donors with a family history of Alport’s should be assessed by a urinalysis, 
estimation of glomerular filtration rate, a vision test and a hearing test. Male siblings aged 
>20 years without hematuria are very unlikely to have the disease and are suitable donors. 
Sisters of affected male recipients with X linked disease have a 50% risk of being carriers, 
unless the disease in the brother is caused by a neomutation. Gross et al reported the long 
term outcomes of six heterozygous mothers with microhematuria who had donated a 
kidney to their affected children. Three of the women developed new onset hypertension 
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and two developed proteinuria over a mean follow up time of 6.7 years. Renal function 
declined significantly in four of the donors [40]. A female relative without hematuria, has a 
low risk for being a carrier and is a suitable donor. Female relatives with proteinuria should 
be excluded from donation. Female relatives with persistent microhematuria are most likely 
carriers. Up to 25% of female carriers of X-linked Alport mutations develop renal failure and 
they should not donate [41]. Genetic analysis of COL4A5 genotype is not useful for 
determining the suitability of women for kidney donation given the absence of correlation 
between the genotype and the phenotype in women [35].  

Thin Basement Membrane Disease 

Thin basement membrane disease (TBMD) affects around 1% of the general population. 
Approximately 50% of patients have a heterozygous mutation in COL4A3 or COL4A4 
genes. Although the long term prognosis of the majority of patients with thin basement 
membrane nephropathy is excellent, some patients develop proteinuria and progressive 
renal failure, especially those with documented heterozygous mutations in COL4A3 or 
COL4A4 genes [35]. The clinical course of TBMD is generally benign. However, the duration 
of most longitudinal studies has been too short to reflect prognosis. One study reported that 
7% of patients with biopsy-proven TBMD had renal dysfunction with a serum creatinine 
level greater than 1.2mg/dl. Risk factors for progression are proteinuria, hypertension and 
abnormal renal function [42]. Other coexistent glomerular lesions, found in about 5% of 
patients with TBMN, namely IgA nephropathy, amongst others, can explain the abnormal 
renal function in these patients [43].  

Donation from patients with TBMD remains controversial, given the lack of long term 
studies that address the outcomes of kidney donation in these patients. Patients with 
hypertension, proteinuria, or abnormal kidney function should not donate. Careful 
assessment of the potential donor’s family history and extrarenal manifestations of Alport 
syndrome should be done. Patients with isolated glomerular hematuria must be assessed 
thoroughly for atypical features and, when these are present, a renal biopsy is advised to 
detect possible Alport syndrome and any other disease such as IgA glomerulonephritis. A 
kidney biopsy, however, might not distinguish between TBMD and early Alport’s 
syndrome [44]. Atypical features include episodic gross hematuria that is uncommon in 
TBMD, but common in IgA nephropathy and Alport’s. A family history of renal failure is 
common in IgA nephropathy and Alport’s but not in TBMD [45]. Prospective donors should 
be counseled that, although TBMD has a benign course in general, renal failure may occur 
and long term risks remain unknown.  

Systemic lupus erythematosus (SLE) 

SLE occurs in about 12% of first degree relatives of patients with SLE. Prospective donors 
should be screened for ANA (antinuclear antibody), complement levels and abnormal 
urinary findings. Antiphosholipd antibody testing is suggested if the medical history is 
positive for deep vein thrombosis, stroke, pulmonary embolism, fetal loss, 
thrombocytopenia, hemolytic anemia, or livedo reticularis. Family member of a patient with 
SLE who has a positive ANA has a 40 fold increased risk of SLE and should not donate [45].  
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the diagnosis is established unequivocally by gene sequencing in only about 40–60% of all 
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very rare and is caused by heterozygous mutations in COL4A3 or COL4A4 genes. Affected 
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and two developed proteinuria over a mean follow up time of 6.7 years. Renal function 
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be excluded from donation. Female relatives with persistent microhematuria are most likely 
carriers. Up to 25% of female carriers of X-linked Alport mutations develop renal failure and 
they should not donate [41]. Genetic analysis of COL4A5 genotype is not useful for 
determining the suitability of women for kidney donation given the absence of correlation 
between the genotype and the phenotype in women [35].  

Thin Basement Membrane Disease 

Thin basement membrane disease (TBMD) affects around 1% of the general population. 
Approximately 50% of patients have a heterozygous mutation in COL4A3 or COL4A4 
genes. Although the long term prognosis of the majority of patients with thin basement 
membrane nephropathy is excellent, some patients develop proteinuria and progressive 
renal failure, especially those with documented heterozygous mutations in COL4A3 or 
COL4A4 genes [35]. The clinical course of TBMD is generally benign. However, the duration 
of most longitudinal studies has been too short to reflect prognosis. One study reported that 
7% of patients with biopsy-proven TBMD had renal dysfunction with a serum creatinine 
level greater than 1.2mg/dl. Risk factors for progression are proteinuria, hypertension and 
abnormal renal function [42]. Other coexistent glomerular lesions, found in about 5% of 
patients with TBMN, namely IgA nephropathy, amongst others, can explain the abnormal 
renal function in these patients [43].  

Donation from patients with TBMD remains controversial, given the lack of long term 
studies that address the outcomes of kidney donation in these patients. Patients with 
hypertension, proteinuria, or abnormal kidney function should not donate. Careful 
assessment of the potential donor’s family history and extrarenal manifestations of Alport 
syndrome should be done. Patients with isolated glomerular hematuria must be assessed 
thoroughly for atypical features and, when these are present, a renal biopsy is advised to 
detect possible Alport syndrome and any other disease such as IgA glomerulonephritis. A 
kidney biopsy, however, might not distinguish between TBMD and early Alport’s 
syndrome [44]. Atypical features include episodic gross hematuria that is uncommon in 
TBMD, but common in IgA nephropathy and Alport’s. A family history of renal failure is 
common in IgA nephropathy and Alport’s but not in TBMD [45]. Prospective donors should 
be counseled that, although TBMD has a benign course in general, renal failure may occur 
and long term risks remain unknown.  

Systemic lupus erythematosus (SLE) 

SLE occurs in about 12% of first degree relatives of patients with SLE. Prospective donors 
should be screened for ANA (antinuclear antibody), complement levels and abnormal 
urinary findings. Antiphosholipd antibody testing is suggested if the medical history is 
positive for deep vein thrombosis, stroke, pulmonary embolism, fetal loss, 
thrombocytopenia, hemolytic anemia, or livedo reticularis. Family member of a patient with 
SLE who has a positive ANA has a 40 fold increased risk of SLE and should not donate [45].  
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3.2. Evaluation of renal function 

3.2.1. Glomerular Filtration Rate (GFR) 

The most common approach to estimating GFR is with a 24-hour urine for creatinine 
clearance. This is the method used by approximately 90% of transplant centers in US, with 
the remaining programs using a radioactive isotope or iodinated tracer [16]. Creatinine 
based estimation equations are not reliable in the donor population, who have normal 
kidney function and should not be used. However, inadequate collection, low protein diet, 
low muscle mass and other factors may lead to low creatinine clearances in those with 
actually normal kidney function. Radionuclide methods, including iodine 124-iothalamate 
or technetium 99m-diethylenetriamine are used if the 24-hour creatinine clearance is 
borderline. The general cutoff for most centers is GFR of 80 mL/min/1.73 m2, although as 
many as 20% of U.S. transplant centers would accept a creatinine clearance as low as 60 
ml/min/1.73m2 [12]. Some centers take into account the normal decline in GFR with aging at 
a rate of 4-5ml/min/1.73m2 per decade of life starting the age of 20, allowing for kidney 
donation at lower limits of GFR.  

3.2.2. Proteinuria 

Proteinuria should be assessed with a 24-hour urine collection. Spot urine protein to 
creatinine ratio may underestimate the level of proteinuria. Most programs use protein>300 
mg/day in a 24-hour urine collection as the cutoff to exclude donation [12,16]. Special 
attention should be made to transient causes of proteinuria, such as fever, urinary tract 
infections and exercise. When abnormal, the collection should be repeated to confirm the 
persistence of proteinuria.  

3.2.3. Hematuria 

Urinalysis is indicated in all prospective donors. Microscopic hematuria, defined as more 
than 3-5 RBC/HPF, needs further evaluation. Menstruation in premenopausal women 
should be ruled out as well as urinary tract infection. Persistent hematuria, confirmed on 
more than one urinalysis, deserves more investigation. Medical history should look 
carefully for a family history of TBMD, Alport’s, ADPKD. The concomitant presence of 
proteinuria or RBC casts or dysmorphic RBCs is suggestive of underlying glomerular 
disease. Patients with persistent isolated hematuria should have urine cytology and 
urological workup including cystoscopy. They should also be screened for nephrolithiasis 
by a CT urogram (routinely performed as part of CT angiogram; discussed next). African 
American patients should be screened for sickle cell disease. In the absence of any specific 
abnormalities, a kidney biopsy may be indicated looking for Alport’s, IgA nephropathy, 
among other pathologies [12,46]. If a full evaluation for persistent isolated hematuria is 
negative, most centers proceed with donation, since the risk for progressive renal disease is 
small. However, a survey of US transplant centers showed that 21% of programs 
automatically exclude potential donors with greater than 10 RBC/HPF, regardless of work-
up [16]. 
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3.2.4. Pyuria 

In the presence of pyuria, urinary tract infections and prostatitis in men should be ruled 
out. If pyuria is persistent, renal tuberculosis should be ruled out with 3 morning  
urine acid-fast bacilli cultures. If these tests are negative, a renal biopsy should be 
considered to rule out interstitial nephritis or chronic pyelonephritis. Donation is 
contraindicated if there is evidence of renal tuberculosis, or interstitial nephritis or 
pyelonephritis [45].  

3.3. Radiologic Evaluation of potential allografts 

CT-based imaging is routinely used to evaluate the potential donor’s anatomy. The 64 slice 
multidetector CT (MDCT) urogram and angiogram has become the gold standard imaging 
technique and has replaced the traditional arteriography and intravenous urography. 

MDCT can provide assessment of the renal vein and artery, ureteral structure, renal 
parenchymal lesions, renal cystic diseases, stones, and surrounding anatomic variant. In 
addition, MDCT can measure kidney volume, a more sensitive index of size than length as 
available from sonography [47].  

The left kidney is preferred for laparoscopic living donor nephrectomy because of its 
relative technical ease of removal and flexibility afforded by the longer left venous pedicle. 
MDCT permits detection of vascular abnormalities and variants. A right donor nephrectomy 
may be performed if complex vascular anatomy (e.g., multiple arteries or veins) is present in 
the left kidney. Preoperative imaging also helps identify the lower quality kidney (i.e., with 
incidental findings such as a small stone or hemorrhagic cyst), which is usually chosen in 
living donor transplantation [48].  

MDCT detects asymmetry in the size of the kidneys, in which case a renal scan (MAG3) may 
be needed and the lower functioning kidney would be chosen for donation. The urogram 
phase of MDCT can delineate the presence of stones and abnormalities in the collecting 
system, such as ureteral diverticulum, calyceal diverticulum, hydronephrosis and 
ureteropelvic junction obstruction, ureteral duplication that may alter the surgical approach. 
Up to 30% of kidneys evaluated by MDCT have incidental renal finding such as renal cysts 
or calyceal calcifications. Patients with multiple stones, large single stone (>1.5cm), 
nephrocalcinosis or medullary sponge kidney are excluded from donation. [26,45] MDCT 
can also detect the amount of perirenal fat. This information is useful to determine if donors 
with higher BMI are amenable to a laparascopic nephrectomy [26].  

Donation is usually contraindicated if the following are present [45]: 

 parenchymal abnormalities, including significant unilateral atrophy, or horseshoe 
kidney, presence of 2 or 3 cysts in each kidneys or complex or septated cyts, or 
angiomyolipoma 

 vascular abnormalities: significant atherosclerotic disease, fibromuscular dysplasia 
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Compared to MRI/MRA, MDCT has greater accuracy, is faster, and more cost effective. 
MRA has inferior resolution in evaluating the renal vein anatomy. It is useful in patients 
with iodinated contrast allergy [49].  

3.4. Surgical evaluation 

3.4.1. Workup and evaluation 

Potential donors should have a careful assessment of their perioperative risk for 
cardiovascular and pulmonary complications as well as thrombotic complications. 

Unstable coronary syndromes, decompensated heart failure, significant arrhythmias and 
severe valvular disease are contraindications to live kidney donation. Most of the 
intermediate predictors (mild angina, previous myocardial infarction, compensated or prior 
heart failure, diabetes mellitus) are also contraindications to donation. Other, minor 
predictors warrant further testing [12]. Cardiovascular testing includes a transthoracic 
echocardiography if the history is positive for chest pain, palpitations, dizziness, syncope or 
SOB and/or the physical exam reveal a murmur.  

A holter monitoring is indicated if history of arrhythmia, syncope, dizziness, or 
palpitations. Some transplant centers perform cardiac stress testing in prospective donors 
if they have one or more risk factors for coronary artery disease (age> 45 years old in men, 
and more than 55 in women, family history of premature coronary artery disease, 
hypertension, smoking).[26,45] However, the American College of Cardiology and the 
American Heart Association (ACC/AHA) guidelines published in 2007, recommended 
stress testing only in high risk patients with poor functional capacity, who are scheduled 
for vascular surgery and only when such testing would change the management [50]. In 
most instances, when evaluating prospective donors, cardiac stress testing does not 
appear to be indicated.  

Pulmonary function testing (PFT) 

Pulmonary function testing (PFT) is not routinely indicated unless the history and physical 
examination suggest lung disease, in which case further testing, including PFT is indicated. 
Moderate to severe pulmonary disease is a contraindication to living donation (Forced 
expiratory volume (FEV1) or forced vital capacity (FVC) less than 70% of predicted or FEV1: 
FVC ratio less than 65% on PFTs). Patients with asthma who are well controlled, and with a 
peak flow measurement less than 80% predicted, can be considered on an individual basis 
for live kidney donation [51].  

Smoking cessation 

Smokers have a higher risk of pulmonary and wound infections after surgery than 
nonsmokers. Observational evidence suggests a benefit to smoking cessation before surgery 
[52]. Abstinence of smoking for only 12 hours can greatly reduce carboxyhemoglobin 
concentrations, improve oxygen content and reverse negative inotropic and arrhythmic 
effects. Polycythemia and increased blood viscosity take a few days to reverse. Sputum 
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production declines 6 weeks after smoking cessation. Amsterdam forum guidelines 
recommend smoking cessation at least 4 weeks prior to donation.  

Alcohol abstinence 

An increase in postoperative morbidity is reported for alcohol abusers who drink at least 
five drinks (more than 60 g ethanol) a day. Observational evidence in other clinical suggest 
that alcohol withdrawal is recommended for at least 1 month before surgery [53]. 

Hypercoagulability 

Persons with personal history of one or more venous thrombosis or recurrent miscarriage or 
with a family history of thrombotic disease should be screened for hypercoagulable 
disorders. These include activated protein C resistance associated with factor V Leiden 
mutation, lupus anticoagulant, anticardioplin antibody, prothrombin gene mutation (FII-
20210), hyperhomocystenemia. Factor V-Leiden is the most common hereditary blood 
coagulation disorder, present in 3–8% of the healthy white population [54]. The odds ratio of 
a venous thrombolic event is 11 times greater in women taking oral contraceptives who 
have the Factor V Leiden mutation than for those who do not [55]. Some experts suggest 
that oral contraceptives and hormone replacement therapy should be withheld for 3 months 
prior to an elective surgery, given the high incidence of factor V Leiden in the population. A 
history of thrombotic disorders and presence of risk factors for future events (such as lupus 
anticoagulant, anticardiolipin antibody, abnormal activated protein C resistance ratio) as 
well as disorders requiring chronic anticoagulation are contraindications for kidney 
donation. However, a person with heterozygous factor V leiden mutation and without 
previous thrombotic episodes is not necessarily excluded from donation [12,26,45].  

3.5. Psychosocial evaluation 

Every prospective donor should undergo a psychosocial evaluation. This evaluation is 
especially important for unrelated donation. The psychiatric evaluation should be 
performed by a psychiatrist or mental health professional who has no personal and clinical 
relationship with the recipient. The evaluation should address the protection of donor’s 
confidentiality and should be performed in the absence of the recipient or recipient’s 
advocates. If translation is needed, translators should be unknown to recipient and donor.  

The evaluation would start by obtaining standard background information, such as donor’s 
educational level, living situation, religious beliefs, cultural background, and employment 
history. 

 The main elements of the psychosocial evaluation include the following: 
 The donor’s ability to make a decision should be assessed carefully, by evaluating for 

any underlying psychiatric disorders and any history of substance abuse. The donor 
should demonstrate a full capacity to give informed consent. 

 The evaluation should assess the donor’s accurate knowledge of recipient’s health 
benefits, and the accurate understanding of the donation process, and its physical and 
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mental consequences, including short term surgical complications and long term effects 
of donation on health outcomes. 

 The evaluation process should explore the nature of the relationship of the donor with 
the recipient, if any, and whether the donation was imposed by some expectations or 
perceived obligations on the part of either the donor or the recipient.  

 The evaluation should assess the donor’s motivation and inform the donor about the 
available option of not donating and the other treatment options available for the 
recipient. The prospective donor’s rationale and reasoning for donating should be 
explored. The evaluation should exclude coercion, secondary gain (monetary or other 
personal gain, such as stabilizing self-image or dealing with a psychological conflict).  

 The interview should inquire about the employment status of the donor and the 
availability of family support resources during the operative recovery period. The 
donor should have adequate financial and social support.  

 The outcomes of transplantation should be explored, these include increased self-
esteem after a successful transplantation and resentment and depression after an 
unsuccessful transplantation. In case of altruistic donation, the donor may experience 
depression because s/he may not witness and enjoy the positive outcome of the 
donation [45,56,57]. 

The major psychosocial contraindications for live donation include [57]:  

 active psychiatric illness or substance use 
 the presence of major financial stressors that could either have a coercive effect on the 

donor’s decision to donate, or interfere with the need for medical care after donation 
 evidence that the prospective donor has experienced pressure or coercion from others 

to donate 
 a limited understanding or capacity to understand the donor’s or the recipient’s risks 

and benefits from kidney donation 
 ambivalence about proceeding with the donation 

3.5.1. Financial aspects 

The economic impact of donation should be discussed with the prospective donor. The 
medical expenses are usually covered by the recipient’s insurance, or, in certain 
circumstances, by the Transplant Centers Organ Acquisition Fund. The expenses include: 

 the donor evaluation 
 the actual donation surgery  
 the post operative care 

Other non medical expenses such as travel and lodging expenses are not covered by the 
recipient’s insurance. 

The act of donation should not preclude the donor from obtaining medical insurance or 
increase the cost of insurance [45]. In the USA, the organ donor leave act was created in 1999 
and entitles the donor for 30 days of paid leave (Organ Donor Leave Act of 1999). However, 
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it is recommended that the prospective donor obtain health and life insurance prior to 
donation. 

The donor should be financially stable and free of financial hardship. The evaluation should 
explore the ability of the donor to cover financial obligations for expected and unexpected 
donation-related expenses. The donor should be able to afford time away from work mainly 
for unplanned extended recovery time [56].  

Paid donation 

Despite the legal constraints, paid donation and commercialism are common in many parts 
of the world. In the USA, the Uniform Anatomical Gift Act was created in 1968 in order to 
establish an ethical system that regulated the availability of organs for transplantation. 
Further advances were made in 1984 by the National Organ Transplant Act, which 
established the nationwide computer registry operated by the United Network for Organ 
Sharing. The same act prohibits buying or selling of organs in the United States. Similar laws 
have been enacted in other countries around the world. The Declaration of Istanbul on 
Organ Trafficking and Transplant Tourism strictly condemns all forms of organ trade [58]. It 
should be mentioned that other experts argue that the donors should be allowed to have 
monetary compensation and that the donors are entitled to use their bodies as they see fit. 
To address this issue and the concern of the short supply of kidneys available for donation, 
a regulated system of living unrelated paid donor kidney transplantation was legally 
adopted in Iran in 1988 [59]. However, most of the donors are poor and uneducated and 
follow up studies have shown that their lives have not improved after compensation for 
donation. Several types of regulated models offering indirect incentives or compensation for 
organ donations, such as health insurance, life insurance, disability coverage, or social 
benefits, have been proposed to encourage organ donations in developed countries [60]. 
Paid donation carries significant risks of exploitation of the poor. It poses significant health 
risks both for the donor and the recipient, including infectious complications, as well as 
other surgical and medical complications that, in part, are due to poor donor screening and 
evaluation [61].  

4. Risks to donor 

4.1. Surgical complications 

Open nephrectomy is now largely replaced by laparoscopic surgical techniques that account 
for more than 50% of donor nephrectomy procedures in the USA [62]. Compared to open 
nephrectomy, laparoscopic procedure provides shorter hospital stays (2 to 4 days compared 
with 3 to 7 days), less incisional discomfort, minimal surgical scar and better cosmetic 
appearance and an earlier return to work (12 to 21 days compared with 30 to 60 days) [63].  

Traditionally, laparoscopic nephrectomy (LN) is performed through 3 to 5 small incisions 
and has become the standard of care in most academic centers. Newer techniques are 
available; these include single port technique that has been shown to improve cosmetic 
results and lead to faster recovery [64-66].  
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Other new techniques include robotic assisted laparoscopic nephrectomy that allows the 
surgeon to dissect more meticulously and prevent bleeding more easily, along with shorter 
hospital stays [67].  

Conversion to open nephrectomy occurs in approximately 2% of procedures [63]. The 
perioperative mortality reported for living kidney donors including both open and 
laparoscopic methods is 0.03% [13,62], although in a recent survey, all reported deaths were 
after laparoscopic nephrectomy [68].  

The risk of perioperative and postoperative complications from unilateral laparoscopic 
nephrectomy is 10-15% [69]. These include, but are not limited to, bleeding, infection, bowel 
injury, hernia, and postanaesthesia depression. 

Matas at al [68] surveyed 234 kidney transplant programs to determine living donor 
morbidity and mortality for open nephrectomy, hand-assisted LN, and non-hand-assisted 
LN between 1999 and 2001: 

 52% of nephrectomies were done by open procedure, 21 % by hand-assisted 
Laparoscopic nephrectomy, and 27% via non-hand-assisted LN 

 2 donors (0.02%) died from surgical complications, both after laparoscopic nephrectomy 
 Reoperation was necessary in 0.4% of the open cases, 1.0% of the hand-assisted LN 

cases, and 0.9% of the non-hand-assisted LN cases 
 Complications not requiring reoperation were reported in 0.3% -1% of the cases without 

statistical difference between the groups 
 Readmission rate was higher for LN (1.6%) vs. open (0.6%) donors, mainly secondary to 

gastrointestinal symptoms, (nausea, vomiting, ileus, constipation) 

With more experience, the reported complications of laparoscopic nephrectomy have 
decreased, after an initial steep learning curve. The morbidity of the laparoscopic procedure 
has decreased with more experience, and the mortality rate remains low.  

A 2008 meta-analysis evaluated 73 studies that included 3751 and 2843 patients who had 
undergone laparoscopic surgery and open nephrectomy, respectively. Compared with open 
nephrectomy, the laparoscopic surgery group had a significantly shorter hospital stay and a 
quicker recovery. Both groups had similar rates of delayed allograft function and allograft 
loss [70]. 

While operative time is longer in laparoscopic nephrectomy (3-4 hours versus 2-3 hours in 
open nephrectomy), both procedures have similar recipient outcomes, graft function, 
rejection rate and graft survival [70,71].  

4.2. Life expectancy 

The survival of donors appears to be similar to that of the controls in the general population 
[8]. A Swedish study analyzed survival of 430 living donors. After 20 years of follow-up, 
85% of donors were alive, whereas the expected survival rate was 66%. The better survival 
among donors is likely due to the selection process involved in donor work-up. Patients 
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with health issues are ruled out. Mortality pattern was similar to that in the general 
population, the most common causes of death being cardiovascular diseases and cancer [72]. 

4.3. Likelihood of renal disease in donor 

4.3.1. Renal function and proteinuria 

Unilateral nephrectomy is followed by a compensatory increase in the GFR in the remaining 
kidney to achieve about 70%-80% of prenephrectomy GFR within days to weeks after 
nephrectomy. Some proposed that the degree of compensation may be better in younger 
patients [73]. The detrimental effect of kidney hyperfiltration and hypertrophy are more 
pronounced when nephron number is reduced in infancy than when nephron number is 
reduced later in life [74]. This has been shown in many studies, including the study of 56 
world war II soldiers, who had a unilateral nephrectomy at an average age of 25 years old, 
and who were reassessed 45 years following nephrectomy and compared to veterans with 2 
kidneys. Mortality, prevalence of HTN and proteinuria were equal in both groups. 10 
subjects had autopsy examinations and glomerular sclerosis was not increased [75].  

Studies examining renal outcome in donors are heterogeneous and frequently lack a control 
group. However, long term follow up studies, more than 30 years after nephrectomy, did 
not show an accelerated decline of renal function. The decline in renal function seemed to 
parallel the age related decline of healthy individuals with 2 kidneys.  

A study of 3,698 kidney donors from 1963 through 2007 showed that mortality of kidney 
donors was comparable to the general population. From 2003 till 2007, kidney function of 255 
donors was assessed by iohexol clearance and urinary albumin to creatinine ratio. The 
mortality was comparable to the general population. 85.5% of the donors had an iohexol GFR 
>60 mL/min/1.73 m2. Hypertension was noted in 32% of the donors, albuminuria (defined as 
urine albumin/creat ratio above 0.02) in 12.7%, and none of the donors with albuminuria had 
an iohexol GFR lower than 45 ml per minute per 1.73 m2. Importantly, the prevalence of 
hypertension and albuminuria in kidney donors were similar to those in controls who were 
matched for age, sex, race or ethnic group, and body-mass index. There was no excess risk of 
ESRD in donors. Factors linked to a reduced GFR in donors are the same as those that have 
been observed in the general population, namely, age and obesity [8]. 

In this study, a longer time since donation, however, was independently associated with 
albuminuria. This may be attributable to single nephron hyperfiltration, secondary to 
reduced renal mass but does not seem to be associated with higher risk of renal dysfunction.  

In a review that summarizes 48 studies that included a total of 5000 donors on average, 
kidney donation resulted in small increases in urinary albumin, which increased with the 
time after donation (three studies totaling 59 controls and 129 donors; controls 83mg/day, 
donors 147mg/day, weighted mean difference 66mg/day, 95% confidence interval (CI) 24–
108) [76]. Whether the hyperfiltration injury that is reflected by the albuminuria leads to a 
progressive deterioration in kidney function has been the subject of many debates.  
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In this same review, after an average of 7 years after donation, the average 24 h urine 
protein was 154 mg/day and the average GFR was 86 ml/min. Ten years after nephrectomy, 
donors had a GFR that was 10 ml/ min lower compared to controls. In addition 
approximately 12% of donors developed a GFR less than 60 ml/min during follow-up. 
However, after the initial decrement in GFR from the nephrectomy, there was no evidence 
of an accelerated loss in GFR over that anticipated with normal aging [76]. 

4.3.2. Hypertension 

Although some studies show that the prevalence of HTN among donors is identical to that 
observed in the general population [77], other studies did reveal that the incidence of 
hypertension increases after kidney donation [78,79].  

However, in most of these studies, this increase in arterial pressure is statistically significant 
but clinically irrelevant and most of the donors do not reach values to be considered as 
hypertensive [80]. In a metanalysis done by Boudville et al [79] in 2006, the authors 
described an increase of 5 mmHg in the 5–10 years following the kidney donation.  

However, racial disparities should be taken into account as it has been suggested recently 
that non-Caucasian donors could have a higher risk of HTN. This has been shown in a 
retrospective analysis of the prevalence of Diabetes, HTN and CKD among 4650 donors 
compared to the prevalence patterns in the 2005-2006 National Health and Nutrition 
Examination Survey (NHANES) for the general population. Compared to white donors, AA 
and hispanic donors were found to have increased risk of HTN, diabetes and CKD. The 
absolute prevalence of diabetes among all donors did not exceed that in the general 
population, but the prevalence of hypertension exceeded NHANES estimates in some 
subgroups. End-stage renal disease was identified in less than 1% of donors but was more 
common among black donors than among white donors [81]. These findings emphasize the 
importance of increased attention to health outcomes among demographically different 
donors and the need for close medical follow up.  

4.4. The need for transplantation of previous living kidney donors 

The UNOS database has recorded since 1987 an incidence of about 0.04% of living donors who 
have been listed for kidney transplantation, similar to the 0.03% incidence in the general US 
population. In the follow up study by Ibrahim et al of 3698 donors, 11 donors developed 
ESRD, at a rate of 180 cases per million per year, compared to the rate of 268 per million 
persons per year in the white population in USA. Three of the 11 donors had the same cause of 
ESRD as their sibling recipients, suggesting unrecognized familial renal disease or risk factors.  

Upon review of the OPTN (Organ Procurement and Transplantation Network) database, as 
of February 2002, a total of 56 previous living donors have been identified as having been 
listed for deceased donor kidney transplant. The majority of these patients originally 
donated a kidney to a sibling (86%); five patients donated to a parent, and three patients 
donated to a child, highlighting again the possible role of unrecognized familial risk factors 
for kidney disease [82].  
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According to the UNOS/OPTN database between 1993 and 2005, African-Americans 
constitute 40% of the donors on the waiting list for transplant, although they represent only 
14% of the whole living kidney donor population, emphasizing the fact that AA might be at 
greater risk for ESRD after kidney donation [15].  

The Amsterdam forum proposed the current UNOS policy for live kidney donors that 
assigns an allocation priority for a deceased donor kidney if the previous live kidney donor 
subsequently become a candidate for a kidney transplant later in life. However, there was 
no consensus to develop such a policy internationally [12]. 

5. Non directed donation 

As of January 2009, biologically unrelated donors constituted about 40% of the living donors 
in the USA. Most of these donors were emotionally related and have an apparent, strong 
and deep relationship with the recipient (spouse, close friend, significant other, adopted 
sibling). Prospective donors with a much more casual relationship with the recipient 
(coworkers, members of faith community) or with little or no relationship to donors 
(solicited through internet, media…) are becoming increasingly common and about half of 
unrelated donors fall into this category. 

Non directed donors, also called altruistic donors, or ‘Good Samaritan Donors’ donate their 
kidney to a completely unknown recipient, whom the donor might never meet. They 
represent about 1.5% of all living donors in the USA as of January 2009. This practice is not 
allowed in some countries in Europe and South America because of the fear that the donor 
might be selling his/her kidney. 

Generally, the recipient is a patient on the deceased donor list, with a compatible blood group, 
the most waiting time and a negative crossmatching. The nondirected donors play an 
important role in kidney paired donation and living donor exchange programs. The 
evaluation process of nondirected donors has a strong emphasis on the psychosocial aspects of 
the donation, exploring any false perceptions or covert depression. Nondirected donors might 
be at a greater risk for depression or regret since they might not be able to enjoy the positive 
psychological gain that comes from seeing the recipient benefit from their altruism [26,57]. 

6. Paired kidney donation 

Patients with potential donors who are incompatible due to ABO differences or positive 
crossmatch can still reap the benefits of living donation through kidney paired donation 
(KPD). A simple “two-way” exchange, or swap, can be arranged between two incompatible 
pairs or a more complicated combination can be achieved using many pairs in many 
different hospitals. Such a large exchange is often initiated by a non-directed donor. This 
concept of KPD was first suggested by Felix Rapaport in 1986 and in 1991, the first kidney 
exchange was performed in South Korea. The next year, the first KPD transplants were 
performed in the USA in 2000. As of the third quarter of 2010, over 1000 KPD transplants 
have been performed in the USA [57,83]. 
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sibling). Prospective donors with a much more casual relationship with the recipient 
(coworkers, members of faith community) or with little or no relationship to donors 
(solicited through internet, media…) are becoming increasingly common and about half of 
unrelated donors fall into this category. 

Non directed donors, also called altruistic donors, or ‘Good Samaritan Donors’ donate their 
kidney to a completely unknown recipient, whom the donor might never meet. They 
represent about 1.5% of all living donors in the USA as of January 2009. This practice is not 
allowed in some countries in Europe and South America because of the fear that the donor 
might be selling his/her kidney. 

Generally, the recipient is a patient on the deceased donor list, with a compatible blood group, 
the most waiting time and a negative crossmatching. The nondirected donors play an 
important role in kidney paired donation and living donor exchange programs. The 
evaluation process of nondirected donors has a strong emphasis on the psychosocial aspects of 
the donation, exploring any false perceptions or covert depression. Nondirected donors might 
be at a greater risk for depression or regret since they might not be able to enjoy the positive 
psychological gain that comes from seeing the recipient benefit from their altruism [26,57]. 

6. Paired kidney donation 

Patients with potential donors who are incompatible due to ABO differences or positive 
crossmatch can still reap the benefits of living donation through kidney paired donation 
(KPD). A simple “two-way” exchange, or swap, can be arranged between two incompatible 
pairs or a more complicated combination can be achieved using many pairs in many 
different hospitals. Such a large exchange is often initiated by a non-directed donor. This 
concept of KPD was first suggested by Felix Rapaport in 1986 and in 1991, the first kidney 
exchange was performed in South Korea. The next year, the first KPD transplants were 
performed in the USA in 2000. As of the third quarter of 2010, over 1000 KPD transplants 
have been performed in the USA [57,83]. 
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1. Introduction 

Once a patient receives kidney transplant, critical attention should be paid to ensure 
patient’s hemodynamic stability, they should be monitored for any side effects of the new 
medications and prevent infections that may jeopardize the renal allograft and patients’ 
general health. Medical problems such as diabetes and hypertension that may be medical 
complications of transplant immunosuppression need to be managed appropriately. This 
chapter will go over the medical management of the kidney transplant recipient. 

2. Early post operative management 

2.1. Assessing fluid status 

There are two broad goals to assess fluid status: the transplanted kidney needs to receive 
adequate perfusion and make adequate amounts of urine. 

When patients’ are admitted for kidney transplant, it is preferred to have the patient about 
1kg above their dry weight (1). This is to decrease the risk for hypotension intra-operatively, 
and ensure that the patients are somewhat hypervolemic and there is enough mean arterial 
pressure to perfuse the new transplanted kidney at the end of the surgery. Post transplant, it 
is important to assess urine output on hourly basis to ensure that patients are not oliguric, 
i.e., urine output should at least be greater than 0.5ml/kg/hr or 500ml/24hrs. Patient’s pre-
transplant urine output should be known and be accounted for when assessing for urine 
output adequacy post-transplant. Initial blood pressure and volume status on clinical exam 
should dictate fluid replacement. If the patient is hypovolemic, patient should be given 
isotonic saline in 500ml to 1L boluses until mean arterial pressure of at least 65 mm hg can 
be established. Most patients are hypervolemic. In that scenario, it is not necessary to replace 
all of the urine output. 
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patient’s hemodynamic stability, they should be monitored for any side effects of the new 
medications and prevent infections that may jeopardize the renal allograft and patients’ 
general health. Medical problems such as diabetes and hypertension that may be medical 
complications of transplant immunosuppression need to be managed appropriately. This 
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pressure to perfuse the new transplanted kidney at the end of the surgery. Post transplant, it 
is important to assess urine output on hourly basis to ensure that patients are not oliguric, 
i.e., urine output should at least be greater than 0.5ml/kg/hr or 500ml/24hrs. Patient’s pre-
transplant urine output should be known and be accounted for when assessing for urine 
output adequacy post-transplant. Initial blood pressure and volume status on clinical exam 
should dictate fluid replacement. If the patient is hypovolemic, patient should be given 
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There are many different protocols for replacement and maintenance fluids. In general, 
there is no evidence that crystalloids are better than colloids. Replacement fluid should also 
account for any other body fluid losses such as in nasogastric tube output. Half normal 
saline can be used for replacement fluid as urinary sodium after kidney transplant initially 
tends to be between 60 and 80 mEq/L (1). Maintenance fluids should account for insensible 
losses which can range in from 500cc to 1500cc in a 24 hour period for surgical patients (3). 
Typically the maintenance fluid used is 5% dextrose in water at the rate of at least 30cc/hr 
(1). For cases where electrolyte replacement is needed such as in potassium, this should be 
carefully given monitoring for any risk of hyperkalemia if patient is oliguric and preferably 
through a separate intravenous line. Electrolytes including potassium, phosphate, calcium 
and magnesium should be checked at least every 6 hours (1). 

2.2. Delayed & slow graft function 

The consensus definition of delayed graft function (DGF) is lacking, though, it is generally 
agreed upon that if dialysis is needed within first 7 days of transplant that constitutes 
delayed graft function (2). Delayed graft function, in reality, is acute kidney injury in 
transplanted kidney and should be worked up as any other acute kidney injury with 
attention paid to the special circumstance that is kidney transplant and differential  
diagnosis broadened accordingly to include acute rejection as well as acute ischemic tubular 
necrosis. 

The long waiting list of patients awaiting kidney transplant and shortage of donors has 
necessitated accepting expanded criteria donors (ECD) and donation after cardiac death 
donors (DCD). Not surprisingly, incidence of DGF has increased to 21% for the years 1998-
2008 from 14% during 1985-1992 (6,7,9). DGF increases the risk of graft rejection, transplant 
glomerulopathy and ultimately, decreases the long-term allograft survival (4,11,12). Long-
term patient survival after DGF is not known, but it is likely that patients who suffer graft 
failure compared to patients with functioning grafts may have decrease survival rates. 
Besides ECD and DCD kidneys, there are several other risk factors for DGF. Donor specific 
risk factors include: donor age >60, cold ischemia time >15 hours, warm ischemia time > 45 
minutes, Non T-cell antibody induction, female gender and obese donor (5, 7, 8, 9, 10, 13, 14, 
15, 16). Recipient risk factors include: maintenance hemodialysis prior to transplantation, 
obesity, diabetes, male gender, age > 55, African-American race, small-for-size organ and 
prior immune sensitizing events such as blood transfusions, pregnancy and previous 
transplant (7, 10, 15, 16, 17). Machine perfusion technique for preservation of organ also 
seems to decrease the risk for DGF in ECD kidneys (7). The underlying mechanisms 
including molecular pathways and cytogenetic mechanisms are being established and may 
aid future prevention as well as treatment measures for DGF. For now, focus remains on 
prevention with controlling for risk factors as well as trying to avoid intra-operative and 
post-operative hypovolemic states and hypotensive conditions. If patient does have DGF, 
patient is supported with preventing further nephrotoxicity from all measures and 
providing dialysis until allograft kidney function recovers.  
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Indications for dialysis should be dictated by clinical circumstances but persistent acidosis, 
hyperkalemia especially with EKG changes suggestive of destabilization of cardiac 
membrane and volume overload that is resistant to high doses of diuretics. Both intermittent 
hemodialysis and peritoneal dialysis can be used. When hemodialysis is used, close 
attention should be paid to patient’s blood pressure and unless need for hypervolemic 
status, ultrafiltration should be avoided. Peritoneal dialysis can be used, though, dwelling 
volumes may need to be as low as 500ml in order to avoid worsening pain (1). Preferably 
hemodialysis should be performed, unless peritoneal dialysis catheter is readily available. 

There is a subset of transplanted patients that do not require dialysis within the first 7 days, 
but the serum creatinine is very slow to decrease. This group of patients can be defined as 
having intermediate graft function or slow graft function (18). The risk factors and the graft 
outcomes are likely similar to DGF, though less severe (18). This can possibly be explained 
by lesser severity kidney injury or lesser degree of baseline clinical or subclinical kidney 
dysfunction in the allograft (18). 

2.3. Immunosuppression 

Every transplant center has their own immunosuppressive protocol which serves as guides 
for therapy based on type of transplant (kidney vs. kidney-pancreas) and patient’s risk 
group determined by pre-formed antibodies, sensitization status, age and race (2). Low-risk 
group patients such as two-haplotype match may require less immunosuppression. African-
Americans, on the other hand, have been shown to require higher doses of 
immunosuppression. 

There are two phases to immunosuppression. Acute rejection risk is highest from time zero 
to first few months after transplantation (2). The immunosuppresion induced at time zero is 
called induction phase. Maintenance immunosuppression is also introduced early-on, 
however, this therapy is maintained for the rest of the patient’s transplant life and 
constitutes the post-induction phase, the maintenance phase. 

Both phases of immunosuppression are described in a separate chapter in this textbook and 
will not be further discussed here 

2.4. Infection prophylaxis 

All patients undergoing kidney transplant should received prophylaxis for infection as 
immunocompromised state post-transplant puts this group of patient at high risk of life-
threatening common and uncommon infections. Any infection subsequently also increases 
risk of allograft failure through primary (e.g. ATN secondary to sepsis) or secondary 
mechanisms (e.g.. allograft rejection).  

The following antimicrobial therapy should be given peri-operatively (1,2): 

1. Standard antibiotic pre-operative prophylaxis per center based guidelines should be 
used. Prophylaxis should be against common skin and urinary tract pathogens. 
Cefazolin 1 or 2 grams based on body weight, generally, is the preferred agent.  
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2.  Also, bactrim should be introduced as prophylaxis against for UTI, sepsis, nocardia 
and pneumocystis jiroveci pneumonia (pjp). One single strength tablet daily is the 
general recommendation. Dosing should be done renally and adjusted to patient’s 
creatinine clearance. For UTI prophylaxis, patients allergic to bactrim can use any other 
oral quinolone such as levaquin. In that scenario, patients should also get atovaquone 
1500mg daily for pneumocystis jiroveci. Pentamidine monthly nebulized is another 
option if atovaquone cannot be tolerated. Dapsone 100mg daily may be used for same 
prophylaxis, though G6PD status must be checked. Any such prophylaxis should be 
continued for one year for pjp prophylaxis. 

3. CMV status should be checked for both donor and recipient. CMV negative recipients 
from CMV positive donors are at highest risk for CMV disease as are patients receiving 
OKT3 or other t-cell depleting agents. CMV positive recipients are at risk for 
reactivation. All such patients should receive valganciclovir 900mg daily or three times 
weekly adjusted to renal function for 6 months. Alternatively, ganciclovir 1000mg three 
times daily or valacyclovir 2g four times daily can be used. All donor and recipient 
CMV negative patients should receive Acyclovir 400mg twice daily for 3 months. 

4. During induction phase, oral or topical antifungal agents such as clotrimazole or 
nystatin are used. Systemic antifungal agents are not recommended in uncomplicated 
renal transplant. 

3. Early post-transplant follow-up: First three months 

3.1. Immunosuppression 

The risk of acute rejection and allograft loss is highest in the first three months, so 
immunosuppression should be at its highest levels in this time period. The topic of 
immunosuppression has been reviewed in a separate chapter. 

4. Long-term follow-up 

4.1. Immunosuppression 

All patients should be maintained on 2 or 3 drug regimen as long as the patient has 
functional graft. Target drug levels may be lowered after the first three months.  

4.2. Patient and graft survival 

Graft survival (i.e., patient survival with a functioning graft) has steadily improved. Graft 
survival for deceased donor kidneys in 2009 was 94.4% at 6 months; for transplants in 2008, 
92.0% at 1 year; for transplants in 2006, 81.9% at 3 years; for transplants in 2004, 70.0% at 5 
years; and for transplants in 1999, 42.7% at 10 years (19). Graft survival for living donor 
transplants in 2009 was 97.7% at 6 months; for transplants in 2008, 96.5% at 1 year; for 
transplants in 2006, 90.9% at 3 years; for transplants in 2004, 82.5% at 5 years; and for 
transplants in 1999, 59.6% at 10 years (19). While one-year graft survival has improved 
significantly, there is much room for improvement in 10-year graft survival.  
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The rate of late graft failure is traditionally measured by the graft half-life conditional on 1-
year survival, defined as the time to when half of grafts surviving at least 1 year are still 
functioning. Graft half-lives for deceased and living donor kidneys have increased (19). For 
deceased donor kidneys, the half-life increased 45%, from 10.1 years for transplants in 1991 
to 14.7 years for transplants in 2007 (19). For living donor kidneys, the half-life increased 
68.2%, from 15.8 years for transplants in 1991 to 26.6 years for transplants in 2007 (19). 
Remarkably as per the 2010 Scientific Registry of Transplant Recipients/Organ Procurement 
and Transplantation Network annual report, the half-life of a deceased donor kidney in 2007 
(14.7 years) is less than the half-life of a living donor kidney in 1991 (15.8 years). This 
suggests there is substantial room to improve the rate of late graft failure, at least for 
recipients of deceased donor kidneys.  

The number of patients with a functioning kidney graft has doubled, from 68,200 in 1998 to 
144,180 in 2009 (19). 

Besides donor type, DGF and presence of HLA-antibodies also reduces the short-term graft 
survival. Long-term graft survival is also reduced by DGF, history of known HLA 
antibodies, HLA mismatching, cold ischemia time and insufficient immunosuppression. 
Inadequate renal mass for body size, CMV seropositivity, ongoing renal injuries, medical 
non-compliance, poorly managed hypertension, hyperlipidemia and recurrent or de novo 
glomerular disease are some of the other risk factors portending shorter graft survivial. 

The most common causes of death in kidney transplant recipients include death from 
cardiovascular disease followed by infection, malignancy and other miscellaneous causes. 
The miscellaneous causes, such as pulmonary embolus, brain hemorrhage, colon or peptic 
ulcer perforation etc. can contribute 1-2% each to annual death rate (20). Death from 
cardiovascular disease remains the leading cause of mortality. It accounts for 40-55% of all 
deaths in transplant recipients (20). This includes congestive heart failure, coronary artery 
disease, cerebrovascular disease, and peripheral vascular disease. Renal transplant 
recipients have up to 10 times the rate of cardiac death and 50 times the annual rate of fatal 
or nonfatal cardiovascular events as the general population (21). Nearly 40% of patients 
have experienced a cardiovascular event at 36 months after renal transplantation, with 
congestive heart failure and myocardial infarction being the most common events (22, 23)). 
The prevalence of cerebrovascular events, though less than dialysis patients, is still high in 
patients who have undergone renal transplantation, and the risk of cerebral hemorrhage is 
higher than in the general population (24, 25). Finally, incidence of peripheral arterial 
disease is lower in renal transplant recipients, though de novo peripheral arterial disease 
increases the relative risk for death by almost twofold (26). 

There are also other risk factors that impact survival of transplant recipients. Survival is 
superior with an allograft from a living donor compared to those who receive a kidney from 
a deceased donor, including both standard criteria and extended criteria donors. Older 
patients who undergo renal transplantation have a higher mortality rate than younger 
recipients. The presence of systemic disorders, particularly vascular disease, is associated 
with poorer long-term patient survival after renal transplantation. Survival of diabetic 
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All patients should be maintained on 2 or 3 drug regimen as long as the patient has 
functional graft. Target drug levels may be lowered after the first three months.  
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Graft survival (i.e., patient survival with a functioning graft) has steadily improved. Graft 
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transplants in 2006, 90.9% at 3 years; for transplants in 2004, 82.5% at 5 years; and for 
transplants in 1999, 59.6% at 10 years (19). While one-year graft survival has improved 
significantly, there is much room for improvement in 10-year graft survival.  
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patients after renal transplantation (75 to 80 percent at five years) is lower than that reported 
in nondiabetic patients. It is still better than diabetic patients on dialysis whose 5-year 
survival is estimated to be 30% (2). 

Perhaps, the most important predictor of graft survival is renal function. 1-year creatinine of 
less than 1.5mg/dl and change of less than 0.3mg/dl portends excellent long-term graft 
survival (5). Higher creatinine values at one year signal poor long-term graft outcome. 

Despite all of these, patient and graft survival has improved significantly in the recent 
decade, which likely reflects our improved ability to manage patient and graft related risk 
factors.  

5. Management of medical co-morbidities 

5.1. Hypertension 

Immediate post transplant hypertension is common and most commonly reflects pain, 
although, could also reflect overzealous volume resuscitation (27). If patient is volume 
overloaded, he or she should be diuresed. Controlling pain likely needs to be done 
simultaneously as sometimes early-on it is difficult to determine the causative etiology of 
hypertension. Moderately elevated blood pressure should be tolerated as it will help to 
maintain adequate renal perfusion to the transplanted kidney. However, if blood pressure is 
greater than 180mm hg despite best pain control in euvolemic patient, a dihydropyridine 
calcium channel blocker such as nifedipine can be used (28). This will allow for dual benefit 
of ameliorating some of the afferent arteriolar vasoconstriction induced calcineurin 
inhibitors. Alternatively, an alpha blocker such as clonidine can be used if pain is difficult to 
control and blood pressure remains high, i.e., there is excessive sympathetic stimulation. 
Blood pressure should not be lowered below 110 mm hg. If patient is not taking medications 
orally, labetalol or hydralazine can be used for intravenous administrations. 

Chronic hypertension is a risk factor for CVD and affects graft survival in the long-term (27). 
In the era of CNIs, roughly 60-90% of patients seem to be afflicted with hypertension (29). 
The etiology of hypertension is likely multifactorial and management needs to be more 
nuanced. Goal blood pressure as defined by KDOQI guidelines should be <130/80 mm Hg 
(30). The same medications used for hypertension control in general population may be 
beneficial in renal transplant population as well.  

KDOQI establishes five points for the evaluation and management of hypertension in renal 
transplant patients (30). First, patients should be evaluated for chronic kidney disease, 
cardiovascular disease and any cardiovascular risk factors. Second, diet and lifestyle 
changes should be part of all therapy including sodium intake <2.4g/day, weight loss if BMI 
is >25kg/m2, exercise, moderate alcohol intake and smoking cessation. Third, risk factors for 
cardiovascular disease should be managed concurrently such as diabetes and 
hyperlipidemia. Fourth, systolic blood pressure should be managed to less than 130 mm Hg 
with anti-hypertensive medications. Fifth, for patients with spot urinary protein-to-
creatinine ratio >500-1000mg/g a lower blood pressure goal may be advisable, an ACE 
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inhibitor or ARB should be added or dose should be increased, ACE inhibitor or ARB may 
need to be used in combination and if still needed another antihypertensive medication 
should be added as needed to lower proteinuria. 

Since calcium channel blockers are used early in transplant, they can be considered first-line 
therapy (29). ACE inhibitors are second line therapy and have been shown safe to use 6-12 
weeks after transplant. For de novo initiation, it is recommended that therapy be started at 
least 6 weeks post-transplant (29). A recent randomized study comparing nifedipine and 
lisinopril demonstrated improved kidney outcomes (lower creatinine and improved GFR at 
2 years) with the use of nifedipine (28). However, the study had limited follow-up, and it 
cannot be determined whether the improved GFR with calcium-channel blockers reflects the 
short-term hemodynamic effects of these agents or a long-term protective effect. Post 
transplant patients with hypertension and a compelling indication for an ACE inhibitor or 
an ARB should be restarted on therapy as soon as the graft is functional, the serum 
creatinine level is <2.5 mg/dL, and the potassium level is <5.5 mEq/L. If the patient has 
proteinuria, ACE inhibitor or ARB can be used as long as the reduction in GFR is less than 
30% over 4 months. Since ACE inhibitor or ARB can potentiate hyperkalemia caused by 
CNIs, close attention should be paid to patient’s potassium. Finally, tailoring of therapy for 
hypertension should be ultimately based on patient’s risk factors as disucussed below. 

Heart failure patients can be treated with thiazide diuretics (assuming adequate function of 
the transplant kidney), beta-blocker, ACE inhibitor or an ARB. Post-MI patients can be 
treated with beta-blocker and ACE inhibitor. Patients with cardiovascular risk factors can be 
treated with same anti-hypertensive medications as heart failure patients. Patient with 
diabetes may benefit from added anti-proteinuric effect of non-dihydropyridine calcium 
channel blocker such as verapamil. Verapamil can increase the levels of CNIs and levels 
need to monitored more closely. Patients with CKD, previous stroke and post transplant 
erythrocytosis may benefit from ACE inhibitor. ARB can be used as an alternative in cases of 
CKD and post-transplant erythrocytosis. All of the above indications for specific anti 
hypertensive regimens for various clinical entities have nicely been summarized by Dunn et 
al. as well (29). 

Renal artery stenosis in allograft is a rare cause of hypertension and should be thought of 
when blood pressure is persistently elevated despite multiple pharmacologic interventions, 
patient has flash edema and/or sudden elevations in blood pressure. It usually occurs 3 
months to 2 years after transplant, but early occurrences can happen post-transplant (31). 
Reported incidence is variable between 1 and 23%. Risk factors for renal artery stenosis 
include deceased donor kidney, delayed graft function, obese patients, severe 
atherosclerotic disease, CMV infection, difficulties with surgical technique when harvesting 
the graft or when transplanting the graft in the recipient (31). In this scenario, a Doppler 
renal ultrasound can be ordered which has 100% specificity and sensitivity when peak 
systolic velocity is greater than or equal to 2.5m/sec (2). MRI may be needed and should be 
pursued after discussing risks and benefits of nephrogenic systemic fibrosis with the patient. 
Stenting or surgery may be necessary if patient does have renal artery stenosis. 
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inhibitor or ARB should be added or dose should be increased, ACE inhibitor or ARB may 
need to be used in combination and if still needed another antihypertensive medication 
should be added as needed to lower proteinuria. 

Since calcium channel blockers are used early in transplant, they can be considered first-line 
therapy (29). ACE inhibitors are second line therapy and have been shown safe to use 6-12 
weeks after transplant. For de novo initiation, it is recommended that therapy be started at 
least 6 weeks post-transplant (29). A recent randomized study comparing nifedipine and 
lisinopril demonstrated improved kidney outcomes (lower creatinine and improved GFR at 
2 years) with the use of nifedipine (28). However, the study had limited follow-up, and it 
cannot be determined whether the improved GFR with calcium-channel blockers reflects the 
short-term hemodynamic effects of these agents or a long-term protective effect. Post 
transplant patients with hypertension and a compelling indication for an ACE inhibitor or 
an ARB should be restarted on therapy as soon as the graft is functional, the serum 
creatinine level is <2.5 mg/dL, and the potassium level is <5.5 mEq/L. If the patient has 
proteinuria, ACE inhibitor or ARB can be used as long as the reduction in GFR is less than 
30% over 4 months. Since ACE inhibitor or ARB can potentiate hyperkalemia caused by 
CNIs, close attention should be paid to patient’s potassium. Finally, tailoring of therapy for 
hypertension should be ultimately based on patient’s risk factors as disucussed below. 

Heart failure patients can be treated with thiazide diuretics (assuming adequate function of 
the transplant kidney), beta-blocker, ACE inhibitor or an ARB. Post-MI patients can be 
treated with beta-blocker and ACE inhibitor. Patients with cardiovascular risk factors can be 
treated with same anti-hypertensive medications as heart failure patients. Patient with 
diabetes may benefit from added anti-proteinuric effect of non-dihydropyridine calcium 
channel blocker such as verapamil. Verapamil can increase the levels of CNIs and levels 
need to monitored more closely. Patients with CKD, previous stroke and post transplant 
erythrocytosis may benefit from ACE inhibitor. ARB can be used as an alternative in cases of 
CKD and post-transplant erythrocytosis. All of the above indications for specific anti 
hypertensive regimens for various clinical entities have nicely been summarized by Dunn et 
al. as well (29). 

Renal artery stenosis in allograft is a rare cause of hypertension and should be thought of 
when blood pressure is persistently elevated despite multiple pharmacologic interventions, 
patient has flash edema and/or sudden elevations in blood pressure. It usually occurs 3 
months to 2 years after transplant, but early occurrences can happen post-transplant (31). 
Reported incidence is variable between 1 and 23%. Risk factors for renal artery stenosis 
include deceased donor kidney, delayed graft function, obese patients, severe 
atherosclerotic disease, CMV infection, difficulties with surgical technique when harvesting 
the graft or when transplanting the graft in the recipient (31). In this scenario, a Doppler 
renal ultrasound can be ordered which has 100% specificity and sensitivity when peak 
systolic velocity is greater than or equal to 2.5m/sec (2). MRI may be needed and should be 
pursued after discussing risks and benefits of nephrogenic systemic fibrosis with the patient. 
Stenting or surgery may be necessary if patient does have renal artery stenosis. 
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5.2. Diabetes 

New-onset diabetes after transplant (NODAT) or pre-transplant diabetes is associated with 
increased CVD risk, especially NODAT. Diabetes is also associated with increased mortality 
(87% relative risk) and increased graft failure (63% relative risk) (35). Other complications 
seen in non-transplant patients such as retinopathy, nephropathy and infections especially 
in immunocompromised state as well as neuropathy resulting in diabetic ulcers can occur. It 
is estimated that about 30% of patients can have new diagnosis of diabetes post-transplant 
and another 1/3rd can have impaired glucose tolerance by 1 year post-transplant (32). Risk 
factors for NODAT are same those for developing diabetes in non-transplant patients 
including age, obesity, African American race and Hispanic ethnicity, family history and 
impaired glucose tolerance (2). Tacrolimus more than cyclosporine has been associated with 
NODAT, perhaps due to its higher toxicity to pancreatic islet cells (34). Furthermore, a 
strong association has been demonstrated between HCV status and the development of 
diabetes after kidney transplantation, particularly in patients receiving tacrolimus-based 
immunosuppression from the time of transplantation (33).  

According to 2003 International Consensus Guidelines and subsequent updates, diabetes 
mellitus after transplantation may be diagnosed at any time after transplantation by any of 
the following (35, 36): 

 Symptoms of diabetes plus random plasma glucose ≥200 mg/dL (11.1 mmol/L). 
Symptoms include polyuria, polydipsia, and unexplained weight loss. 

 Fasting plasma glucose ≥126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake 
for at least eight hours. 

 Two-hour plasma glucose ≥200 mg/dL (11.1 mmol/L) during an oral glucose tolerance 
test with 75g of anhydrous glucose dissolved in water according to WHO guidelines. 

Impaired fasting glucose and/or impaired glucose tolerance is diagnosed by: 

 Fasting plasma glucose between 100 and 125 mg/dL (5.6 and 6.9 mmol/L) or a two-hour 
plasma glucose between 140 and 199 mg/dL (7.8 and 11.0 mmol/L) during an oral 
glucose tolerance test, respectively, according to ADA guidelines. 

Management of diabetes includes screening for risk factors, monitoring for biochemical 
evidence of impaired glucose tolerance/NODAT, modifying immunosuppression as needed 
and treating diabetes mellitus aggressively. 

Stepwise approach to evaluation and management is recommended by International 
Consensus Guidelines for renal transplant patients (35). Pre-Transplant patients should be 
screened for diabetes. Post-transplant HbA1c should be checked every 3 months for the 1st 
year and a HbA1c <7.0 should be targeted, even if insulin is required. Immunosuppresion 
modulation must be weighed against the risk of rejection and avoided if at all possible. If 
modulated, glucocorticoids dosage can be reduced first, followed by decreasing dosing of 
tacrolimus and switching to cyclosporine if still needed. Dietitian, ophthalmologist, 
endocrinologist and podiatrist should be involved early in management of diabetic patients. 
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Microalbuminuria should be treated with ACEI or ARB. Non-pharmacologic management 
should be given a chance including diet, exercise before pharmacologic approach is 
accepted. Other risk factors including lipids should be managed appropriately as CVD risk 
factor.  

Once decision has been made to initiate oral therapy, oral agent may be alpha-glucosidase 
inhibitor (e.g., acarbose), biguanide (metformin is the most commonly used biguanide), a 
meglitinide (e.g., repaglinide), a sulfonylurea, or a thiazolidinedione (e.g., rosiglitazone) 
(35). Metformin is contraindicated in women with cr >1.5mg/dl and in men with cr 
>1.4mg/dl for concern of lactic acidosis (23). Sulfonylureas are safe in general to use, but 
glyburide is should be avoided in patients with GFR <50ml/min/1.73m2 (23). Acarbose 
should be avoided with cr <2mg/dl (23). Repaglinide should be started at 0.5 mg with meals 
if GFR <40 mL/min/1.73 m2 and titrated carefully (23). Thiazolidinediones do not require 
any dose adjustment. Other medication such as exetanide, an incretin mimetic should be 
avoided if gfr <30ml/min/1.73m2 (23). Dipeptidyl Peptidase-4 inhibitor, sitagliptin needs to 
be dosed renally (23). 

As a complication of pre-existing diabetes if patients do develop diabetic ketoacidosis, they 
should be managed in intensive care unit. Algorithm is available from American Diabetic 
Association for management and should be closely followed. Volume resuscitation and 
insulin drip should be initial treatment. Many liters of normal saline may be required 
especially in post-op setting. Close eye should be kept on magnesium, potassium and 
phosphorous and they should be repleted aggressively. Subcutaneous insulin can be 
switched to once anion gap closes with 3-4 hours overlap with insulin drip. 

5.3. Dyslipidemia 

Dyslipidemia is common after kidney transplant. Although causative association between 
kidney transplant and cardiovascular disease (CVD) remains unproven, kidney transplant is 
considered to be coronary heart disease equivalent risk (37). Accordingly, hyperlipidemia 
should be managed aggressively. 

Elevations in total cholesterol with low-density lipoprotein (LDL) are common, and 
triglycerides can be elevated often as well (23, 37). High-density lipoprotein (HDL) is 
usually normal. Cyclosporine, rapamycin and steroids have the greatest effect on serum 
lipid levels in dose-related fashion (23, 37). Other traditional risk factors as diabetes, obesity, 
smoking, hypertension, genetic factors and physical inactivity are also of equivalent 
importance. KDOQI has published guidelines for management of dyslipidemia in CKD 
patients which should be followed for transplant patients as well. Given the benefits of 
lowering CVD risk in general population and high risk of CVD in transplant population, the 
same risk reduction steps in terms of managing dyslipidemia should be taken for the 
transplant population. Goal LDL should be less than 100mg/dl (38). Therapeutic lifestyle 
changes (TLC) should be applied above 100mg/dl of LDL which include goals for 
intervention to minimize traditional risk factors. Patients should be counseled in smoking 
cessation with any necessary pharmacotherapy and psychotherapy, controlling blood 
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modulation must be weighed against the risk of rejection and avoided if at all possible. If 
modulated, glucocorticoids dosage can be reduced first, followed by decreasing dosing of 
tacrolimus and switching to cyclosporine if still needed. Dietitian, ophthalmologist, 
endocrinologist and podiatrist should be involved early in management of diabetic patients. 
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Microalbuminuria should be treated with ACEI or ARB. Non-pharmacologic management 
should be given a chance including diet, exercise before pharmacologic approach is 
accepted. Other risk factors including lipids should be managed appropriately as CVD risk 
factor.  

Once decision has been made to initiate oral therapy, oral agent may be alpha-glucosidase 
inhibitor (e.g., acarbose), biguanide (metformin is the most commonly used biguanide), a 
meglitinide (e.g., repaglinide), a sulfonylurea, or a thiazolidinedione (e.g., rosiglitazone) 
(35). Metformin is contraindicated in women with cr >1.5mg/dl and in men with cr 
>1.4mg/dl for concern of lactic acidosis (23). Sulfonylureas are safe in general to use, but 
glyburide is should be avoided in patients with GFR <50ml/min/1.73m2 (23). Acarbose 
should be avoided with cr <2mg/dl (23). Repaglinide should be started at 0.5 mg with meals 
if GFR <40 mL/min/1.73 m2 and titrated carefully (23). Thiazolidinediones do not require 
any dose adjustment. Other medication such as exetanide, an incretin mimetic should be 
avoided if gfr <30ml/min/1.73m2 (23). Dipeptidyl Peptidase-4 inhibitor, sitagliptin needs to 
be dosed renally (23). 

As a complication of pre-existing diabetes if patients do develop diabetic ketoacidosis, they 
should be managed in intensive care unit. Algorithm is available from American Diabetic 
Association for management and should be closely followed. Volume resuscitation and 
insulin drip should be initial treatment. Many liters of normal saline may be required 
especially in post-op setting. Close eye should be kept on magnesium, potassium and 
phosphorous and they should be repleted aggressively. Subcutaneous insulin can be 
switched to once anion gap closes with 3-4 hours overlap with insulin drip. 

5.3. Dyslipidemia 

Dyslipidemia is common after kidney transplant. Although causative association between 
kidney transplant and cardiovascular disease (CVD) remains unproven, kidney transplant is 
considered to be coronary heart disease equivalent risk (37). Accordingly, hyperlipidemia 
should be managed aggressively. 

Elevations in total cholesterol with low-density lipoprotein (LDL) are common, and 
triglycerides can be elevated often as well (23, 37). High-density lipoprotein (HDL) is 
usually normal. Cyclosporine, rapamycin and steroids have the greatest effect on serum 
lipid levels in dose-related fashion (23, 37). Other traditional risk factors as diabetes, obesity, 
smoking, hypertension, genetic factors and physical inactivity are also of equivalent 
importance. KDOQI has published guidelines for management of dyslipidemia in CKD 
patients which should be followed for transplant patients as well. Given the benefits of 
lowering CVD risk in general population and high risk of CVD in transplant population, the 
same risk reduction steps in terms of managing dyslipidemia should be taken for the 
transplant population. Goal LDL should be less than 100mg/dl (38). Therapeutic lifestyle 
changes (TLC) should be applied above 100mg/dl of LDL which include goals for 
intervention to minimize traditional risk factors. Patients should be counseled in smoking 
cessation with any necessary pharmacotherapy and psychotherapy, controlling blood 
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pressure as detailed previously, reducing saturated and trans fats, taking daily 81mg 
aspirin, at least 30minutes of walking at least 5 days a week or running 15 mins for 3 days a 
week, weight loss of at least 10% in 1st year and managing diabetes as discussed previously 
(23, 37). If TLC fails to lower LDL below in 100mg/dl, statins should be added to TLC. If the 
LDL level is 130mg/dl of more, TLC and statins should be initiated simultaneously. Careful 
attention should be paid to introduction of statins to cyclosporine-based medication 
regimen. Cyclosporine increases AUC of all statins and especially with fluvasatin can cause 
rhabodmyolysis (23, 38). A good rule of thumb is this scenario is to use half of the 
recommended dose of statins with cyclosporine and tacrolimus (23, 37). Bile acid 
sequestrants such as cholestyramine are not typically recommended because they interfere 
with absorption of immunosuppressive medications, unless patients have severe coronary 
disease, have failed maximal medical management and risk of mortality from ischemic heart 
disease outweighs risk of rejection.  

Triglycerides (TGs) should be below 500mg/dl and may need pharmacotherapy above these 
levels to reduce the risk of pancreatitis in addition to TLC (37). Consideration should also be 
given, in cases where maximal medical management has failed to lower LDL below 
recommended levels, to changing the immunosuppressive protocol to one that is less likely 
to cause high LDL levels, if this can be done without causing undue risk to graft (37). 

Non-HDL cholesterol, which is calculated as total cholesterol minus HDL cholesterol may 
be a better predictor of coronary mortality and may be a surrogate for the major atherogenic 
protein, apolipoprotein B (38). Lowering non-HDL cholesterol to less than 130mg/dl may 
ultimately require a combined approach to reduce LDL and TG. If LDL is less than 100mg/dl 
or more but TGs are 200mg/dl and non-HDL is 130mg/dl or more, treatment of non-HDL to 
levels below 130mg/dl should be pursued with statin and fibrate or nicotinic acid (37).  

The overall prevalence of dyslipidemia during the first year after transplantation is >50% 
(23). This high prevalence of dyslipidemia justifies screening and monitoring. In all adults, 
complete lipid profile should be checked (23, 37): 

 2-3 months after transplantation, or 
 2-3 months after change in treatment, or other conditions known to cause 

dyslipidemias, and 
 At least, annually thereafter 

5.4. Obesity 

Obesity in adults is defined, as it is in major guidelines for the general population, as body 
mass index (BMI) ≥30 kg/m2 (23). Because some individuals may have BMI ≥30 kg/m2 that is 
not due to excess body fat, it is recommended that the definition of obesity in adults include 
waist circumference ≥102 cm (≥40 in.) in men and ≥88 cm (≥35 in.) in women (23). 

Weight gain is common after renal transplant and can be associated with steroid usage (38). 
Hyperphagia as a side effect of steroid usage also contributes. Obesity contributes 
dyslipidemia, hypertension, CVD and diabetes mellitus in transplant patients. Risk factors 
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for weight gain post-transplant include female gender, African American race and young 
age (38). Obesity is also a risk factor for DGF (See Delayed Graft Function) and obese renal 
transplant recipients suffers more surgical complications, including wound infections, 
delayed wound healing, lymphoceles and perinephric hematomas (1,38, 39). Longer surgical 
times and hospital stays are also reported in obese transplant recipients (38). Obesity is also 
a risk factor for decreased pancreas and kidney graft survival in combined pancreas-kidney 
transplant recipients (1). 

Is it beneficial to lose weight before transplantation? DOPPS found that in dialytic 
population higher BMI (30-34.9 kg/m2) is associated with lower mortality (42); higher 
mortality is associated with malnutrition (38). Weight loss also remains a difficult goal to 
achieve in dialytic population. Should the obese patients be excluded from transplant? 
Evidence has shown that when obese patients are transplanted their mortality rate is lower 
than the dialytic population (38).  

Obesity in transplant patients should be managed with diet, exercise and nutritional 
counseling. A nutritionist should be involved in management. Small, uncontrolled trials in 
KTRs suggest that diet and other behavior modifications are safe and help reduce weight 
over the short term (40, 41). There is no evidence that any one diet is more effective than any 
other. A reasonable goal is to create a caloric deficit of 500–1000 kcal/day (23). Diets of 1000–
1200 kcal/day for women and 1200–1500 kcal/day for men can be effective with increased 
physical activity in maintaining sustained weight loss (23).Weight loss medications have not 
been studied in renal transplant patients and as such Orlistat should not be given with 
cyclosporine as it interferes with its bioavailability and absorption. In cases of morbid 
obesity, patients may choose to undergo gastric bypass. This procedure may be safe in 
transplant patients, though, experience is limited (38). Absorption and metabolism of 
immunosuppressive medications may be altered after gastric bypass. Cyclosporine, 
tacrolimus, sirolimus and mycophenolic acid levels have been noted to be altered in gastric 
bypass patients and requires specific levels for those medications to be followed up (43). 
Gastric bypass also increases risk for hyperoxaluria and oxalate nephropathy, and when 
undergoing gastric bypass patients should be advised against risks for oxalate 
nephrolithiasis and secondary CKD (38). When patients develop oxalate nephropathy, 
reversal of bypass needs to be considered (38). 

5.5. Smoking 

Given smoking’s pleotropic detrimental effects on almost every organ in our body and 
association with CVD as well as post-transplant cancer, intense efforts should be made to 
help patients quit smoking. This should include asking at each visit, advising to quit, 
providing psychiatric and non-psychiatric counseling as needed, initiating 
pharmacotherapy as needed and helping patients set up target dates to quit smoking. 
Studies have shown that the patients more likely to quit smoking have been more likely 
than not been counseled by their physicians. Even counseling for 3 min or less is effective 
(44). The ‘5 As’ of counseling include: (i) ask about tobacco use, (ii) advise to quit through 
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pressure as detailed previously, reducing saturated and trans fats, taking daily 81mg 
aspirin, at least 30minutes of walking at least 5 days a week or running 15 mins for 3 days a 
week, weight loss of at least 10% in 1st year and managing diabetes as discussed previously 
(23, 37). If TLC fails to lower LDL below in 100mg/dl, statins should be added to TLC. If the 
LDL level is 130mg/dl of more, TLC and statins should be initiated simultaneously. Careful 
attention should be paid to introduction of statins to cyclosporine-based medication 
regimen. Cyclosporine increases AUC of all statins and especially with fluvasatin can cause 
rhabodmyolysis (23, 38). A good rule of thumb is this scenario is to use half of the 
recommended dose of statins with cyclosporine and tacrolimus (23, 37). Bile acid 
sequestrants such as cholestyramine are not typically recommended because they interfere 
with absorption of immunosuppressive medications, unless patients have severe coronary 
disease, have failed maximal medical management and risk of mortality from ischemic heart 
disease outweighs risk of rejection.  

Triglycerides (TGs) should be below 500mg/dl and may need pharmacotherapy above these 
levels to reduce the risk of pancreatitis in addition to TLC (37). Consideration should also be 
given, in cases where maximal medical management has failed to lower LDL below 
recommended levels, to changing the immunosuppressive protocol to one that is less likely 
to cause high LDL levels, if this can be done without causing undue risk to graft (37). 

Non-HDL cholesterol, which is calculated as total cholesterol minus HDL cholesterol may 
be a better predictor of coronary mortality and may be a surrogate for the major atherogenic 
protein, apolipoprotein B (38). Lowering non-HDL cholesterol to less than 130mg/dl may 
ultimately require a combined approach to reduce LDL and TG. If LDL is less than 100mg/dl 
or more but TGs are 200mg/dl and non-HDL is 130mg/dl or more, treatment of non-HDL to 
levels below 130mg/dl should be pursued with statin and fibrate or nicotinic acid (37).  

The overall prevalence of dyslipidemia during the first year after transplantation is >50% 
(23). This high prevalence of dyslipidemia justifies screening and monitoring. In all adults, 
complete lipid profile should be checked (23, 37): 

 2-3 months after transplantation, or 
 2-3 months after change in treatment, or other conditions known to cause 

dyslipidemias, and 
 At least, annually thereafter 

5.4. Obesity 

Obesity in adults is defined, as it is in major guidelines for the general population, as body 
mass index (BMI) ≥30 kg/m2 (23). Because some individuals may have BMI ≥30 kg/m2 that is 
not due to excess body fat, it is recommended that the definition of obesity in adults include 
waist circumference ≥102 cm (≥40 in.) in men and ≥88 cm (≥35 in.) in women (23). 

Weight gain is common after renal transplant and can be associated with steroid usage (38). 
Hyperphagia as a side effect of steroid usage also contributes. Obesity contributes 
dyslipidemia, hypertension, CVD and diabetes mellitus in transplant patients. Risk factors 
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for weight gain post-transplant include female gender, African American race and young 
age (38). Obesity is also a risk factor for DGF (See Delayed Graft Function) and obese renal 
transplant recipients suffers more surgical complications, including wound infections, 
delayed wound healing, lymphoceles and perinephric hematomas (1,38, 39). Longer surgical 
times and hospital stays are also reported in obese transplant recipients (38). Obesity is also 
a risk factor for decreased pancreas and kidney graft survival in combined pancreas-kidney 
transplant recipients (1). 

Is it beneficial to lose weight before transplantation? DOPPS found that in dialytic 
population higher BMI (30-34.9 kg/m2) is associated with lower mortality (42); higher 
mortality is associated with malnutrition (38). Weight loss also remains a difficult goal to 
achieve in dialytic population. Should the obese patients be excluded from transplant? 
Evidence has shown that when obese patients are transplanted their mortality rate is lower 
than the dialytic population (38).  

Obesity in transplant patients should be managed with diet, exercise and nutritional 
counseling. A nutritionist should be involved in management. Small, uncontrolled trials in 
KTRs suggest that diet and other behavior modifications are safe and help reduce weight 
over the short term (40, 41). There is no evidence that any one diet is more effective than any 
other. A reasonable goal is to create a caloric deficit of 500–1000 kcal/day (23). Diets of 1000–
1200 kcal/day for women and 1200–1500 kcal/day for men can be effective with increased 
physical activity in maintaining sustained weight loss (23).Weight loss medications have not 
been studied in renal transplant patients and as such Orlistat should not be given with 
cyclosporine as it interferes with its bioavailability and absorption. In cases of morbid 
obesity, patients may choose to undergo gastric bypass. This procedure may be safe in 
transplant patients, though, experience is limited (38). Absorption and metabolism of 
immunosuppressive medications may be altered after gastric bypass. Cyclosporine, 
tacrolimus, sirolimus and mycophenolic acid levels have been noted to be altered in gastric 
bypass patients and requires specific levels for those medications to be followed up (43). 
Gastric bypass also increases risk for hyperoxaluria and oxalate nephropathy, and when 
undergoing gastric bypass patients should be advised against risks for oxalate 
nephrolithiasis and secondary CKD (38). When patients develop oxalate nephropathy, 
reversal of bypass needs to be considered (38). 

5.5. Smoking 

Given smoking’s pleotropic detrimental effects on almost every organ in our body and 
association with CVD as well as post-transplant cancer, intense efforts should be made to 
help patients quit smoking. This should include asking at each visit, advising to quit, 
providing psychiatric and non-psychiatric counseling as needed, initiating 
pharmacotherapy as needed and helping patients set up target dates to quit smoking. 
Studies have shown that the patients more likely to quit smoking have been more likely 
than not been counseled by their physicians. Even counseling for 3 min or less is effective 
(44). The ‘5 As’ of counseling include: (i) ask about tobacco use, (ii) advise to quit through 
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clear and personalized messages, (iii) assess willingness to quit, (iv) assist quitting and (v) 
arrange follow-up and support (44). A number of pharmacological approaches are available 
to promote smoking abstinence. All nicotine replacement therapies such as lozenges, gum, 
inhaler, spray and patch are safe to use (23). Varenicline, a partial agonist of nicotinic 
receptor can also be used in transplant recipients (23). Bupropion increases cyclosporine 
levels and they should be monitored (23). 

5.6. Cardiovascular disease 

So far we have discussed the traditional risk factors of CVD. Non-traditional risk factors 
such as homocysteine, uremia, left ventricular hypertrophy and graft dysfunction also have 
a significant role to play (21).There is a complex interplay between traditional and non-
traditional risk factors causing CVD in kidney transplant patients. The strongest risk factor 
for cardiac risk is pre-existing CVD prior to transplant. All risk factors as discussed thus far 
should be managed aggressively whether patient has pre-existing CVD or new-onset CVD. 
Allograft dysfunction also contributes to CVD risk, whether this is mediated to systemic 
inflammation or through secondary hypertension, hyperlipidemia and albuminuria is 
unclear. Homocysteine levels are known to be significantly high in patients who experience 
cardiovascular events and are associated with higher mortality (45, 46). However, the causal 
effect of high homocysteine levels on CVD has not been established. High dose folic acid as 
well as vitamin B6 and B12 can effectively reduce homocysteine levels. When this reduction 
was achieved using folic acid, vitamin b6 and vitamin b12 in a randomized control trial, it 
did not reduce the all-cause mortality, ESRD or composite outcome which included 
cardiovascular death and myocardial infarction among other things (47). Another risk factor 
that increases CVD risk is anemia and this will be discussed next. 

5.7. Anemia 

World Health Organization defined anemia in 1968 as <13g/dl for men and <12g/dl for 
women which was based on observations from international nutritional studies (48). Since 
then there have been multiple attempts at re-defining anemia. Dependent on cut-off level of 
hemoglobin used for defining anemia, prevalence in post-transplant population varies 
roughly between 10% and 40% (49-53). Anemia is associated with worse patient and graft 
survival, higher rates of acute rejection and may further exaggerate left ventricular 
hypertrophy which is associated with higher cardiovascular mortality.  

The belief that enough erythropoietin production with new allograft will resolve any degree 
of anemia in patients with CKD is not always fully realized (49). There can be many reasons 
for this phenomenon. In the early-post transplant period, anemia can be related to blood loss 
from surgery. Later on though the anemia may be related to decline in kidney function and 
secondary loss of erythropoietin production or from bone marrow suppression from 
immunosuppressants (50-53). However, other traditional and non-traditional risk factors 
need such as iron deficiency anemia with or without gastrointestinal bleeding, folate or 
vitamin b12 deficiency, hemolysis, parvovirus or other viral infections and medications need 
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to be investigated and treated appropriately (50-53). Iron deficiency anemia is under-
recognized and under-treated in post-transplant patients. Up to 60% of patients without 
initial iron deficiency can become iron-deficiency by 6 months (2). Since iron deficiency is 
associated with cardiovascular mortality independent of anemia timely recognition and 
treatment is important. Iron repletion can be estimated by ferritin 200mg/dl and transferrin 
saturation above 20%. Parvovirus infection which can cause refractory anemia can be 
treated with intravenous immunoglobulin and by lowering immunosuppression (1). 
Azathioprine, mycophenolic acid and sirolimus can also cause anemia, and the doses of 
these medications may need to be reduced (1). Other medications such as ACEIs, ARBs, 
ganciclovir or trimethoprim-sulfamethoxazole also cause anemia and need to be kept in 
mind when cause is being investigated (1). When no cause is found, iron stores are 
adequate, allograft function is impaired and meets indications for treatment as they are 
stated by KDOQI guidelines for CKD patients, epoetin alfa and aranesp should be 
administered (1). 

5.8. Thrombotic microangiopathy 

As a related cause of anemia, thrombotic microangiopathy (TMA) needs to included in 
differential diagnosis for causes of hemolysis. TMA is a histology manifestation of several 
clinical conditions such as TTP-HUS, antibody-mediated rejection (AMR) or toxicity of CNI. 
TMA may manifest itself limited to allograft or there might be evidence of systemic 
hemolysis such as increased lactate dehydrogenase, positive direct COOMBs test, increase 
indirect bilirubin, low haptoglobin and increase reticulocyte index with evidence of 
fragmented RBCs on peripheral smear. Thrombocytopenia accompanies systemic evidence 
of TMA. 15% of transplant patients have evidence of TMA and 3% show evidence of TTP 
(1). Treatment includes substitution of the calcineurin inhibitor with an alternative agent;  
belatacept and plasmapheresis may be utilized for management. If AMR is suspected, it 
should be treated accordingly; steroids should be pulsed, rituximab or bortezomib may also 
be used along with IVIG. Use of bortezomib may be limited by degree of thrombocytopenia. 
Another potential treatment if all else fails is eculizumab, which remains experimental. 

5.9. Erythrocytosis 

Post-transplant erythrocytosis (PTE) occurs in 8-15% of recipients (2). It is defined as a 
hemoglobin concentration greater than 17 g/dL and/or hematocrit greater than 51 percent 
that occurs following transplantation, persists for more than 6 months and occurs in the 
absence of another underlying cause (2). Most often PTE occurs within the first 8-24 months 
after transplantation (2). PTE appears predominantly in patients without native kidney 
nephrectomy and in those, who had an adequate erythropoiesis prior to transplantation, as 
evidenced by no or limited use of ESA while on dialysis (54). The pathogenesis of PTE is not 
well understood and multiple hormonal systems as well as growth factors such as 
erythropoetin, Insulin-like growth factor-1, serum-soluble stem cell factor (sSCF), rennin-
angiotensin system and endogenous androgens have been implicated (2, 55-59). 
Endogenous erythropoietin appears to play the central role. Persistent erythropoietin 
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clear and personalized messages, (iii) assess willingness to quit, (iv) assist quitting and (v) 
arrange follow-up and support (44). A number of pharmacological approaches are available 
to promote smoking abstinence. All nicotine replacement therapies such as lozenges, gum, 
inhaler, spray and patch are safe to use (23). Varenicline, a partial agonist of nicotinic 
receptor can also be used in transplant recipients (23). Bupropion increases cyclosporine 
levels and they should be monitored (23). 

5.6. Cardiovascular disease 

So far we have discussed the traditional risk factors of CVD. Non-traditional risk factors 
such as homocysteine, uremia, left ventricular hypertrophy and graft dysfunction also have 
a significant role to play (21).There is a complex interplay between traditional and non-
traditional risk factors causing CVD in kidney transplant patients. The strongest risk factor 
for cardiac risk is pre-existing CVD prior to transplant. All risk factors as discussed thus far 
should be managed aggressively whether patient has pre-existing CVD or new-onset CVD. 
Allograft dysfunction also contributes to CVD risk, whether this is mediated to systemic 
inflammation or through secondary hypertension, hyperlipidemia and albuminuria is 
unclear. Homocysteine levels are known to be significantly high in patients who experience 
cardiovascular events and are associated with higher mortality (45, 46). However, the causal 
effect of high homocysteine levels on CVD has not been established. High dose folic acid as 
well as vitamin B6 and B12 can effectively reduce homocysteine levels. When this reduction 
was achieved using folic acid, vitamin b6 and vitamin b12 in a randomized control trial, it 
did not reduce the all-cause mortality, ESRD or composite outcome which included 
cardiovascular death and myocardial infarction among other things (47). Another risk factor 
that increases CVD risk is anemia and this will be discussed next. 

5.7. Anemia 

World Health Organization defined anemia in 1968 as <13g/dl for men and <12g/dl for 
women which was based on observations from international nutritional studies (48). Since 
then there have been multiple attempts at re-defining anemia. Dependent on cut-off level of 
hemoglobin used for defining anemia, prevalence in post-transplant population varies 
roughly between 10% and 40% (49-53). Anemia is associated with worse patient and graft 
survival, higher rates of acute rejection and may further exaggerate left ventricular 
hypertrophy which is associated with higher cardiovascular mortality.  

The belief that enough erythropoietin production with new allograft will resolve any degree 
of anemia in patients with CKD is not always fully realized (49). There can be many reasons 
for this phenomenon. In the early-post transplant period, anemia can be related to blood loss 
from surgery. Later on though the anemia may be related to decline in kidney function and 
secondary loss of erythropoietin production or from bone marrow suppression from 
immunosuppressants (50-53). However, other traditional and non-traditional risk factors 
need such as iron deficiency anemia with or without gastrointestinal bleeding, folate or 
vitamin b12 deficiency, hemolysis, parvovirus or other viral infections and medications need 
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to be investigated and treated appropriately (50-53). Iron deficiency anemia is under-
recognized and under-treated in post-transplant patients. Up to 60% of patients without 
initial iron deficiency can become iron-deficiency by 6 months (2). Since iron deficiency is 
associated with cardiovascular mortality independent of anemia timely recognition and 
treatment is important. Iron repletion can be estimated by ferritin 200mg/dl and transferrin 
saturation above 20%. Parvovirus infection which can cause refractory anemia can be 
treated with intravenous immunoglobulin and by lowering immunosuppression (1). 
Azathioprine, mycophenolic acid and sirolimus can also cause anemia, and the doses of 
these medications may need to be reduced (1). Other medications such as ACEIs, ARBs, 
ganciclovir or trimethoprim-sulfamethoxazole also cause anemia and need to be kept in 
mind when cause is being investigated (1). When no cause is found, iron stores are 
adequate, allograft function is impaired and meets indications for treatment as they are 
stated by KDOQI guidelines for CKD patients, epoetin alfa and aranesp should be 
administered (1). 

5.8. Thrombotic microangiopathy 

As a related cause of anemia, thrombotic microangiopathy (TMA) needs to included in 
differential diagnosis for causes of hemolysis. TMA is a histology manifestation of several 
clinical conditions such as TTP-HUS, antibody-mediated rejection (AMR) or toxicity of CNI. 
TMA may manifest itself limited to allograft or there might be evidence of systemic 
hemolysis such as increased lactate dehydrogenase, positive direct COOMBs test, increase 
indirect bilirubin, low haptoglobin and increase reticulocyte index with evidence of 
fragmented RBCs on peripheral smear. Thrombocytopenia accompanies systemic evidence 
of TMA. 15% of transplant patients have evidence of TMA and 3% show evidence of TTP 
(1). Treatment includes substitution of the calcineurin inhibitor with an alternative agent;  
belatacept and plasmapheresis may be utilized for management. If AMR is suspected, it 
should be treated accordingly; steroids should be pulsed, rituximab or bortezomib may also 
be used along with IVIG. Use of bortezomib may be limited by degree of thrombocytopenia. 
Another potential treatment if all else fails is eculizumab, which remains experimental. 

5.9. Erythrocytosis 

Post-transplant erythrocytosis (PTE) occurs in 8-15% of recipients (2). It is defined as a 
hemoglobin concentration greater than 17 g/dL and/or hematocrit greater than 51 percent 
that occurs following transplantation, persists for more than 6 months and occurs in the 
absence of another underlying cause (2). Most often PTE occurs within the first 8-24 months 
after transplantation (2). PTE appears predominantly in patients without native kidney 
nephrectomy and in those, who had an adequate erythropoiesis prior to transplantation, as 
evidenced by no or limited use of ESA while on dialysis (54). The pathogenesis of PTE is not 
well understood and multiple hormonal systems as well as growth factors such as 
erythropoetin, Insulin-like growth factor-1, serum-soluble stem cell factor (sSCF), rennin-
angiotensin system and endogenous androgens have been implicated (2, 55-59). 
Endogenous erythropoietin appears to play the central role. Persistent erythropoietin 
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secretion from the diseased and chronically ischemic native kidneys does not conform to the 
normal feedback. However, erythropoietin levels in most PTE patients still remain within 
the "normal range," indicating that erythrocytosis finally ensues by the contributory action 
of additional growth factors on erythroid progenitors, such as angiotensin II, androgens, 
sSCF and insulin-like growth factor 1 (IGF-1) (55-57, 59). 25% of all patients with PTE may 
see resolution without any treatment. 60% of patients experience symptoms which can 
include lethargy, dizziness, plethora, headache among other things (2). 10% to 20% patients 
experience both venous and arterial thromboembolic events (2). Secondary causes should be 
excluded: pulmonary disease, erythroleukemia, renal cancer, and hepatitis B or C (2). It is 
recommended that the hemoglobin be maintained at <17.5 g/dl by ACE inhibitors or ARB 
even if the patient is normotensive (2, 60). Phlebotomy is used for patients with PTE who do 
not respond to treatment with an ARB or ACE inhibitor (60, 61). It is also used in 
conjunction with ACE inhibitors or ARBs for patients who present with hemoglobin greater 
than 18.5 gm/dL (60, 61). Relapse of PTE is common if therapy is discontinued (2, 60). 

5.10. Reproductive Issues 

5.10.1. Men 

After renal transplantation about 2/3rd of men experience improved libido and sexual 
function. Males with CKD can experience hypogonadism (63). Balance is restored in 
hypothalamic-pituitary axis (HPA) after transplantation; however, the degree of pathologic 
injury to testis determines the reversibility of sexual function (1). Histologically, 
seminiferous tubular destruction and germinal cell aplasia can be seen (64). Consequently, 
sperm motility improves but not sperm count or morphology (65). Both sirolimus and 
cyclosporine can impair biosynthesis of testosterone (1, 66-67). Azathioprine doesn’t seem to 
alter male fertility. It should be kept in mind that beta-blockers and alpha-blockers can 
induce infertility in transplant patients and calcium channel blockers may cause reversible 
functional defects in sperm (62). Male patients should be asked about their sexual function 
and referred to urology as necessary. There are no contraindications to use of agents such as 
sildenafil for erectile dysfunction in kidney transplant recipients. 

5.10.2. Women 

Female infertility in CKD results from altered HPA axis with high FSH, LH and prolactin 
levels. The normal hormonal balance is restored within a year after transplantation (1). Since 
1958 over 14000 pregnancies have been reported in renal transplant recipients (69). 

5.10.3. Family planning 

Pregnancy in transplant patients should be considered high-risk. It used to be that the 
patients were told to wait 2 yrs after transplant before planning pregnancy (1). Now, 
guidelines are provided by American Society of Transplantation to help counsel patient (69). 
Patients can safely plan pregnancy as long as the following conditions are met (68, 69). 
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a. Graft function is optimal, defined as a serum creatinine <1.5 mg/dL, (132 micromol/L) 
with <500 mg/24 h protein excretion 

b. There are no concurrent fetotoxic infections, such as CMV 
c. The patient is not on known teratogenic or fetotoxic medications 
d. The immunosuppressive regimen is stable at maintenance levels 

A recent meta-analysis covering 50 studies, 4706 pregnancies and 3570 kidney transplant 
patients, provides the proof as to why pregnancies in these patient population is deemed 
high-risk (71). According to that meta-analysis, complications of preeclampsia (27.0%), 
gestational diabetes (8.0%), Cesarean section (56.9%) and preterm delivery (45.6%) were 
higher than the general US population (3.8%, 3.9%, 31.9% and 12.5%, respectively). 
Pregnancy outcomes were more favorable in studies with lower mean maternal ages; 
obstetrical complications were higher in studies with shorter mean interval between kidney 
transplant and pregnancy. The overall post-transplant live birth rate was 73.5% compared to 
66.7% for general US population; similarly, the overall post-transplant miscarriage rate of 
14.0% was lower than 17.1%. Transplant recipients usually deliver late preterm (34-36 
weeks), roughly 30-50% pregnancies experience intra-uterine growth restriction to some 
degree and on average give birth to low birth weight babies (~2.5 grams) (70-72). Pregnancy 
doesn’t increase the risk of rejection (71). In the above mentioned study rejection rate was 
4.2% in over 2400 pregnant patients studied for rejection (72). Pregnancy also doesn’t 
increase the risk of graft loss (69, 71).  

Patients can be counseled that there are no increase risks of birth defects from taking 
prednisone, azathioprine, and cyclosporine or tacrolimus during pregnancy (2). For 
azathioprine, no fetal anomalies have been noted at doses equal to or less than 2 mg/kg 
while in case of cyclosporine dose elevations may be required due to increase volume of 
distribution during pregnancy (1). Blood levels should be followed when CNIs are used. 
MMF and sirolimus should be discontinued 6 months before pregnancy, substituted with 
alternative agents and patients should be monitored closely for rejection during this time 
period (2). All pregnancies should be planned. 

For the patients who are counseled contraception, barrier contraception is the best modality. 
The American Society of Transplantation Consensus conference suggested the use of 
progestin-only oral contraceptives and estrogen/progestin formulations providing blood 
pressure is adequately controlled (69). Also, for patients taking hormonal contraception, 
CNI levels should be monitored and patients should be advised on the risk of 
thromboembolism (2). 

5.10.4. Pregnancy 

The incidence of hypertension in pregnant kidney transplant patients is four-fold higher 
than uncomplicated pregnancies. About 30% of pregnancies experience pregnancy-induced 
hypertension (1). Cyclosporine may add to this burden of hypertension. Methyldopa, 
hydralazine and labetalol can be safely used to negotiate hypertension during pregnancy 
(1). ACEIs and ARBs are contraindicated during pregnancy and should be stopped as soon 
as the patient becomes pregnant (1). 
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Rejection can occur during pregnancy; given hyperfiltration during pregnancy, it can be 
difficult to diagnose based on creatinine. Once suspected, kidney allograft can be biopsied 
using real-time renal ultrasound. Rejection can be treated with steroids. Safety of 
antilymphocyte globulins or rituximab is unknown in pregnancy. IVIG has been used and 
has not reported to have adverse effects (2). 

To decrease the risk of rejection during perinatal period from stress of labor, stress-dosing of 
hydrocortisone 100mg every 6-8 hours should be considered (1). 

All immunosuppressive medications enter maternal-fetal circulation to varying degrees. 
There is lack of data on pharmacokinetics and pharmacodynamics for various 
immunosuppressants making it difficult to predict about intra utero medication exposure. 
The placenta metabolizes prednisone to prednisolone; therefore, only low levels have been 
detected in the fetal circulation (1). Azathioprine is a prodrug that is rapidly metabolized to 
6-mercaptopurine. This moiety does pass into the fetus and a relative fetal lack of the 
enzyme inosine pyrophosphorylase prevents it from being transformed into its active form 
thioinosinic acid (72). CNI readily cross the placenta and enter the fetal circulation (1, 73). In 
one study, it was found that cyclosporine in fetal blood was able to inhibit T cell function to 
the same degree as that found in maternal serum (73). Much less is known about the 
maternal–fetal transport of MMF and sirolimus. Although there appear to be no obvious 
congenital abnormalities associated with in utero exposure to conventional 
immunosuppressive agents, long-term follow-up of exposed children is needed. 

During breast feeding this exposure may continue to the infant. It is not known whether this 
exposure constitutes a risk to the infant. Currently according to the consensus from 
American Society of Transplantation, breast feeding is not contraindicated. The American 
Academy of Pediatrics supports breastfeeding for mothers who are taking prednisone and 
advises against it for those who are taking cyclosporine (74). There are no specific American 
Academy of Pediatrics recommendations for mothers who are taking azathioprine or 
tacrolimus (74) 

5.11. Adherence 

Nonadherence is associated with high risk of rejection and allograft loss (23). Kidney 
transplant recipients show most nonadherence with regards to their immunosuppression, as 
compared to recipients of other organs (23).  

Adherence can be defined as ‘the extent to which the patient’s behavior matches the agreed-
upon prescriber’s recommendations’(23). Non adherence is defined by KDIGO as deviation 
from the prescribed medication regimen sufficient to adversely influence the regimen’s 
intended effect’ (23). These definitions are derived from a consensus conference on adherence 
(75). Non adherence can be at the time of transplant or subsequently. It can be complete or 
partial and encompasses non compliance with timing of medications (23). It is estimated that 
non adherence to long-term medication is as high as 50% in developed countries and higher in 
developing countries (76). Risk factors for nonadherence include nonadherence behavior prior 
to transplantation, psychiatric illness, personality disorders, poor social support, substance 
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abuse and other high-risk behavior, adolescence, high education level, time since 
transplantation, lack of adequate follow-up with transplant specialists, inadequate 
pretransplant education, multiple adverse effects from medications, complex medication 
regimens, expensive medications  and poor access to healthcare (23, 75, 77). 

Ongoing patient education and psychosocial support remains two important cornerstones 
for treating patient nonadherence. The following are some approaches that are more likely 
to promote adherence and have been divided into two arms: A) education and medical 
interventions and behavioral and B) psychosocial approaches. Combination of these 
interventions produces the best results (79-80). 

A. Examples of education and medical interventions (23, 77): 

1. Ensure that patients know their medications by name, dosage and reason for 
prescription; reinforce these points during every clinic visit. 

2. Inform patients about the adverse effects of drugs. 
3. Provide written instructions for each change in medication dose or frequency. 
4. Reduce the number and frequency of medications. If possible, medications should 

be given once daily 
5. Ensure the patients understand that they need to continue taking 

immunosuppressive agents even if the transplanted organ is functioning well. 
6. Help establish a system to remind patients to take their medications such as pill 

boxes or electronic devices that help remind the patient when to take their 
medications 

7. Inquire about problems during every clinic visit, and address specific patient 
concerns. 

8. Monitor compliance with laboratory work, clinic visit and prescription refills. 
9. Monitor patients with highest risk of nonadherence (i.e., poorly educated, low 

family income, patients with history of nonadherence) and provide all possible 
interventions available 

Concomittantly, behavioral strategies and psychosocial approaches also need to be part 
of the interventions as education and medical interventional strategies are unlikely to 
suffice on their own. 

B. Examples of behavioral and psychosocial approaches (23, 77): 

1. Provide positive support feedback for adherence 
2. Encourage patient to demonstrate a track record of medication adherence and 

knowledge. 
3. Encourage individual team members to develop rapport with patient. 
4. Identify and involve a backup support system (family or friends). 
5. Treat depression, anxiety or other psychological issues. 

Ultimately there is no single strategy that works for all patients and all of the above 
approaches need to be individualized to the patient at hand (23). A transplant pharmacist 
involvement can also improve adherence at 1-year with medication regimens (80, 81) 
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5.12. Screening 

There are as such no randomized control trials to assess risks and benefits of screening for 
specific health issues.  

The following recommendations for cancer screening are based on American 
Transplantation Society and European Best Practices Guidelines for renal transplantation 
(82-86): 

A. Breast: Annual or biennial mammography for all women older than 50 yr. Women 
between 40 and 49 could still undergo screening, but no evidence for or against 
screening at this age 

B. Cervical: Annual pap smear and pelvic exam once sexually active 
C. Colorectal: Annual FOBT or 5-year flexible sigmoidoscopy for patients older than 50 

years 
D. Prostate: Annual Digital Rectal Exam and PSA levels in all male transplant recipients 

older than 50 
E. Hepatocellular: No firm guidelines, but alpha-fetoprotein and ultrasound can be 

performed every 6 months in patients at high risk 
F. Skin: Monthly-self exam and annual or biennial exam by dermatologists 
G. Renal: No firm recommendation. Some physicians choose to do ultrasound of native 

kidneys on a regular basis. 
H. PTLD: Patients should be screened for EBV antibodies prior to or at the time of 

transplantation 

For oral health, again, there are no specific recommendations, but certain general 
management strategies have been agreed upon by dentists.  

 Routine dental exam should be avoided until 6 months after transplant. For emergency 
dental exams, it may be preferred to manage these patients in a hospital setting. Annual 
or biennial dental exam with a dentist should be pursued for long-term dental care. 

 All routine dental procedures will need antibiotic prophylaxis and the choice of 
antibiotics should be made after consuting with patient’s transplant physician. 

 The most common oral manifestations in transplant patients are: viral, bacterial and 
fungal infections, gingival hyperplasia due to cyclosporine and higher risk in 
developing oral malignancy, and patients should be screened for them on routine 
dental exams (87). 

Transplant patients should not be given a live vaccine. The following vaccines are 
recommended for transplant patients (1): 

i. Haemophilus Influenza b: Recommended before and after transplant 
ii. Hepatitis B:  Recommended before and after transplant 
iii. Human Papillomavirus: Recommended before and after transplant 
iv. Influenza, injected: Recommended before and after transplant 
v. Measles, mumps and rubella (MMR): Recommended only before, but not after 

transplant 
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vi. Meningococcal (conjugated or polysaccharide): Recommended before and after 
transplant for adults with asplenia, terminal complement deficiencies, first-year college 
students living in dormitories and other patients identified to be at-risk 

vii. Pneumococcal (conjugated or polysaccharide); Recommended before and after 
transplant 

viii. Tetanus, Diphtheria, Acellular Pertussis (Td/Tdap): Recommended before and after 
transplant 

ix. Varicella: Recommended only before, but not after transplant 
x. Zoster: Recommended only before, but not after transplant 
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1. Introduction 

The early postoperative course and management can have a significant impact on the long-
term success of a kidney transplant recipient. Several factors affect long-term outcomes 
including the occurrence of delayed graft function (DGF), episodes of acute rejection (AR), 
surgical complications, and overwhelming infections, especially sepsis [1-3]. Certain 
medications, including calcineurin inhibitors (CNI), also have potential for nephrotoxic 
effects, which can later lead to transplant glomerulopathy [4]. Furthermore, recipient 
characteristics, such as sensitization status, and donor characteristics, such as donation after 
cardiac death (DCD) donors and expanded criteria donors (ECD) can all affect long-term 
outcomes [5]. Although basic postoperative surgical principles are applied, there are certain 
parameters that need to be closely monitored, especially as it pertains to fluid management, 
blood pressure control, and immunologic status. Early detection of graft dysfunction is 
paramount in determining reversibility from both medical and surgical complications. 
Recognizing the technical limitations during surgery can also help prevent potentially 
devastating mechanical complications. Thus, appropriate initial management and mitigation 
of various risk factors is extremely important in the long-term success of the kidney 
transplant patient. 

2. Surgical procedure 

Technical variations exist for kidney transplant, such as in the retroperitoneal exposure or 
implantation of the ureter, but the basic surgical procedure will be described in this section. 
The right iliac fossa has traditionally been described as the initial choice for implantation, 
but previous operations, quality of vessels, or other recipient factors may make the left side 
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more approachable. In the case of polycystic kidney disease, where the native kidneys need 
to be removed, a midline incision is made. 

2.1. Backtable kidney preparation 

The kidney is kept cold in an ice slush bath during the preparation, which involves 
dissecting the renal artery and vein from the surrounding tissue. The ureter is identified and 
retracted away so as to avoid injury when removing extraneous fat and tissue from the 
kidney and hilum. Attention must be directed to protecting the blood supply to the ureter 
by avoiding the so-called “golden triangle” at the inferior pole of the kidney. Multiple renal 
arteries may also require repair and a Carrel patch may or may not be preserved depending 
on the degree of aortic plaque seen. In the case of a right kidney, the renal vein may require 
lengthening, which can be accomplished by utilizing the attached IVC.  

2.2. Surgical exposure 

An oblique curvilinear incision is made in the right or left lower quadrant of the abdomen, 
extending from near the pubic symphysis to above the anterior superior iliac spine of the 
iliac crest. Muscle layers can be directly divided, lateral to the rectus sheath, or split along 
the fibers of the external and internal obliques and transversalis. The peritoneum is 
identified and retracted superiorly and medially to expose the retroperitoneum. Self-
retaining retractors can be placed to facilitate subsequent exposure of the psoas and iliac 
vessels.  

2.3. Operative procedure 

The common or external iliac artery and vein are identified and dissected. Lymphatics that 
course along the length of the vessels need to be meticulously tied or cauterized to prevent 
occurrence of lymphoceles. Vascular flow is controlled proximally and distally with 
vascular clamps and the kidney is brought into the surgical field. A venotomy is first made 
in the recipient iliac vein and an end-to-side anastomosis with the renal vein is created with 
5-0 or 6-0 monofilament non-absorbable suture. Similarly, an arteriotomy is then made and 
the arterial anastomosis is completed in an end-to-side fashion. The clamps are released 
sequentially, with the vein before the artery, and the kidney is perfused. Once hemostasis is 
attained, the urinary tract is reconstructed. The bladder, which should be irrigated with 
antibiotic solution prior to start of the procedure, can be filled by way of a three-way Foley 
catheter or instilled with the antibiotic solution at the start of the operation. The kidney is 
positioned in the retroperitoneum and an area on the bladder is identified for implantation 
of the ureter. The layers of the bladder are carefully dissected and a cystostomy is created. 
The transplant ureter is cut to length and the anastomosis is done with or without a stent 
using monofilament absorbable suture. One technique described for ureteroneocystostomy 
is the Lich-Gregoir technique, which involves an anastomosis between the ureteral and 
bladder mucosa with a myotomy closure over the ureter. The abdominal wall is then 
reapproximated and closed in layers. 
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3. Early postoperative course 

3.1. Renal and fluid management 

The initial management of the kidney transplant recipient involves proper fluid 
management, focusing on volume status and electrolyte balance. Assessing volume status is 
multifaceted and includes monitoring urine output, central venous pressure, heart rate, and 
blood pressure. Attention to daily weights and total input-output tabulations can help 
dictate fluid management, especially regarding the use of diuretics postoperatively. A 
decrease in urine volume can result from hypovolemia, obstruction, acute tubular necrosis 
(ATN), urinary leak, or in the most severe case, vascular thrombosis.  

Recipients of living donor kidney transplants have brisk urine output immediately or within 
minutes of implantation. Fluids may need to be replaced adequately to avoid a negative 
fluid balance within the first 24 hours. This can potentially compromise blood flow to the 
new kidney. Deceased donor allografts, in comparison, not make significant urine amounts 
initially. Fluid and furosemide challenges should be considered; however, if there has been 
little to no response after several attempts, then fluids should be administered judiciously in 
consideration of overall volume status from a respiratory, cardiovascular, and renal 
standpoint. The goal of fluid resuscitation in the early postoperative period focuses on 
maintaining good perfusion to the transplanted allograft. 

Changes in urine output should be assessed in an objective and systematic manner. First, the 
foley should be assessed for patency and flushed, as patients may have mild hematuria 
leading to clot formation. If hypovolemia is suspected, then a fluid challenge with 
crystalloid or albumin should be administered [6]. Failure to respond to a fluid challenge 
and increases in serum creatinine should prompt assessment of the graft with Duplex 
ultrasonography (DUS), which can be used to assess perfusion to the allograft, rule out 
hydronephrosis and evaluate perinephric fluid collections. Significant, but less dramatic 
decreases in urine output should raise clinical suspicion for renal artery or vein thrombosis, 
which would warrant surgical re-exploration if caught in a timely fashion. Patients with 
little to no response to fluid challenges should also be administered a furosemide challenge. 
Patients who fail to respond to fluid or furosemide without any structural or vascular 
abnormalities on DUS may have ATN, which can be confirmed with a biopsy. 

3.2. Cardiovascular and pulmonary assessment 

Assessment and maintenance of adequate blood pressure control is imperative to the 
success of the kidney transplant. Because the transplanted kidney is an end-organ, it is 
susceptible to injury during episodes of hypotension, which can lead to ATN. Careful 
attention to the choice of induction therapy being administered, such as rabbit 
antithymocyte globulin (rATG), is important as the side effect profile includes fever, 
dyspnea, respiratory distress, and hypotension [7]. If other causes of respiratory distress or 
hypotension have been excluded, the rate of rATG administration may need to be slowed or 
even stopped temporarily or permanently. Basiliximab, an interleukin-2 receptor antagonist 
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(IL2RA), has fewer side effects and can be administered as an alternative under different 
immunosuppression protocols. 

The use of calcium channel blockers has been shown to be beneficial in kidney 
transplantation. Intra-arterial administration of calcium channel blockers, such as verapamil, 
improves renal blood flow as well as augments immunosuppression [8]. Postoperative 
administration of oral calcium channel blockers has also been implemented, as there is 
evidence that the incidence of DGF is decreased [9]. In a large systematic review and meta-
analysis of randomized controlled trials, the use of calcium channel blockers has been 
shown to decrease the risk of graft loss and improved post-transplant glomerular filtration 
rates (GFR) [10]. Furthermore, in the early transplant period, the use of calcium channel 
blockers have been shown to be superior to angiotensin-converting enzyme inhibitors with 
regards to avoiding nephrotoxicity, improving GFR, improving hemoglobin levels, 
minimizing the incidence of hyperkalemia, and minimizing proteinuria post-transplant [10]. 

Respiratory complications can lead to poor outcomes. As previously stated, the use of rATG 
may lead to respiratory distress as capillary leak can occur. Acute respiratory failure post-
transplant can compromise allograft outcomes [11,12]. The leading cause of respiratory 
failure is typically bacterial pneumonia [12]. Patients with prolonged intensive care 
hospitalizations are at risk of invasive fungal and opportunistic infections, especially in the 
setting of intense perioperative immunosuppression. These infections have been linked to 
increased mortality [13]. Appropriate chemoprophylaxis with trimethoprim-
sulfamethoxazole for Pneumocystis jiroveci pneumonia may be beneficial and potentially 
mitigate the infectious risks [14]. 

4. Assessment of graft function 

4.1. Early graft dysfunction 

Early complications leading to graft dysfunction can be separated into two categories: 
medical or surgical.  Marginal donors, including ECD and DCD allografts, have the highest 
rate of medical and surgical complications [15,16]. Various medical and surgical 
complications resulting in early graft dysfunction are listed in Table 1. The following 
sections will discuss the most common culprits in each category. Hypovolemia has been 
discussed in a previous section. 

4.2. Primary non-function 

Primary non-function (PNF), defined as the lack of adequate allograft function by the third 
month post transplant, has a reported incidence between 1-8% [17-19]. Typically, patients at 
risk of PNF include highly sensitized patients and those on renal replacement therapy for a 
prolonged duration of time prior to transplantation. Acute rejection and surgical 
complications are the most common causes of PNF [19]. The use of histidine-tryptophan-
ketoglutarate (HTK) solution has also been implicated as a cause of PNF in deceased donor 
renal transplants [17]. A recent study suggests that a mean arterial blood pressure less than 
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or equal to 80 mm Hg approximately 3 months before kidney transplantation is a risk factor 
for PNF [18]. Certain donor factors, such as prolonged cold ischemia time, have also been 
associated with PNF [20]. Patients with PNF have poorer overall patient survival, compared 
to patients with immediate graft function, probably as a result of returning to renal 
replacement therapy at an earlier time. 
 

Common Causes of Early Graft Dysfunction
Medical Surgical

Delayed graft function Hemorrhage 
Hypovolemia Urinary obstruction 

Acute rejection Vascular thrombosis 
Drug-induced nephrotoxicity Hematuria 

Infection Arterial stenosis 
Disease recurrence Extrinsic obstruction 

Table 1. Common causes of early graft dysfunction stratified by medical or surgical causes. 

4.3. Immunologic events 

4.3.1. Hyperacute rejection 

Hyperacute rejection occurs in the setting of ABO incompatible transplants or in the setting 
of a positive lymphocytotoxic crossmatch, where the incidence is approximately 85%. Some 
antibodies may have lower binding affinity to receptors or fail to bind any complement. 
Once this process has occurred, treatment involves immediate removal of the allograft. 
Some protocols utilizing plasmapheresis have been used with modest results [21], but graft 
survival remains poor. The emergence of kidney-paired donation and chains has 
circumvented the need for transplantation across ABO blood groups [22]. Renal scan 
typically demonstrates no perfusion and pathology reveals microvascular thrombosis, thus 
necessitating a transplant nephrectomy. With the advent of modern immunologic testing 
prior to transplant, hyperacute rejection remains a rare occurrence. 

4.3.2. Accelerated vascular rejection 

Accelerated vascular rejection is an early aggressive form of acute rejection that may occur 
in sensitized recipients with a high panel-reactive antibody or patients with a previous 
transplant, despite a negative T cell crossmatch. This type of rejection occurs as early as 
postoperative day 2 or can be as late as postoperative day 5. Anti-rejection treatment 
modalities generally fail to be effective in these patients. Histology reveals fibrin deposition 
and endothelitis. These patients are typically treated similar to antibody-mediated rejection 
episodes with plasmapheresis, intravenous immunoglobulin, and/or antibody-depleting 
agents [23]. 
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4.3.3. Acute rejection 

Acute rejection can occur at any time in the early post-transplant period. The most common 
time point, however, is 5 to 7 days post-transplant. Acute cellular rejection remains the most 
common type of rejection episode. The incidence of acute rejection is highest in the first 6 
months post-transplant, with overall acute rejection rates between 10-20%. The immunologic 
profiles of the donor and recipient as well as the use of different immunosuppression 
protocols are important in stratifying acute rejection risk. Signs and symptoms of acute 
rejection include fever, elevated serum creatinine, increasing weight, and graft tenderness. 
Transplant biopsy remains the gold standard for diagnosis. Histological changes in acute 
rejection include tubulitis and interstitial infiltrates, with or without arteritis [24]. 

Treatment of acute cellular rejection depends on the severity. First-line therapy includes a 
steroid pulse. In more severe cases of acute rejection, an antibody-depleting agent, such as 
rATG should be administered in addition to a steroid pulse. CNI levels should be monitored 
closely in the setting of acute rejection, as nephrotoxicity is more common. Moreover, in the 
setting of antibody-depleting therapy, patients should be monitored closely for infectious 
complications [25]. Graft survival is negatively impacted by episodes of acute rejection [26]. 

5. Technical complications 

5.1. Vascular 

5.1.1. Renal artery thrombosis 

Renal artery thrombosis is a rare event. Technical issues, such as arterial kinking or intimal 
dissection, are the usual culprits. The majority of these events occur in the first few days 
following transplantation. Sudden cessation of urine production should raise the suspicion 
for vascular compromise. Risk factors for this devastating condition include the use of 
pediatric donors less than or equal to 15 kg without an aortic patch as well as kidneys from 
donors less than 5 years of age [27,28]. However, use of pediatric donors less than 10 kg has 
also been successfully reported without an increased rate of arterial thrombosis [29]. The 
diagnosis must be made promptly, as the allograft can only tolerate 30-60 minutes of warm 
ischemia before the allograft has irreversible injury. Even in ideal situations, recovery from 
ischemic injury may still be impossible. A high-index of suspicion is necessary to ensure 
prompt and adequate treatment of this condition with emergent re-operation. In cases where 
the recipient had previously made urine at baseline, the diagnosis becomes even more 
difficult. The diagnosis is made with DUS, which demonstrate lack of color flow (Figure 1). 

When multiple renal arteries are present on the donor allograft, reconstruction may be 
necessary during implantation. Most authors have reported no difference in vascular 
complications or graft survival [30]. However, thrombosis of some minor branches supplying 
superior or inferior poles can lead to partial infarction of the renal allograft. Patients may 
present with elevated serum creatinine or hypertension. Subsequent angiogram will 
demonstrate a wedge perfusion defect of the allograft. Patients may then present with urine 
leak if caliceal infarction is present. In such circumstances, the patient may benefit from 

 
Surgical Management of the Kidney Transplant Recipient 85 

nephrostomy tube placement for complete urinary decompression as well as percutaneous 
drain placement in the event of urinoma development. 

 
Figure 1. Doppler ultrasound demonstrates global hypoperfusion of the transplanted kidney consistent 
with renal artery thrombosis on postoperative day 1. 

5.1.2. Renal vein thrombosis 

Renal vein thrombosis is also an uncommon, but potentially devastating, complication. The 
usual causes include injuries to the donor renal vein that was narrowed after repair of an 
injury or twisting of the vein on the renal pedicle. Previously, the use of right-sided living 
donor renal allografts was associated with an increased risk of renal vein thrombosis due to 
the short length. However, we have not seen this in our large series of right-sided donors, 
even with modern procurement techniques, such as laparoendoscopic single-site surgery 
[31,32]. Patients present with gross hematuria, decreased urine output and engorgement of 
the graft due to venous outflow obstruction. DUS will show parvus tardus and reversal of 
diastolic flow in the renal artery. Immediate repair is necessary if there is to be any chance of 
salvaging the allograft. 

5.1.3. Hemorrhage and hematoma 

Most postoperative hematomas are small and insignificant. They are usually incidentally 
found on a post-transplant DUS. Larger and more clinically significant hematomas may 
occur in the setting of antiplatelet therapy or anticoagulation for patients with risk factors 
for venothromboembolic events (Figure 2). Patients with clinically significant hematomas 
will present with swelling from the incision, pain over the graft, and an acute drop in 
hemoglobin values. The hematoma will continue to increase in size until it ultimately 
impinges on the vascular pedicle of the allograft, which can lead to thrombosis or 
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hydronephrosis. Postoperatively, patients may show signs of bruising in dependent regions 
of the wound, flank and groin. 

 
Figure 2. Panel A demonstrates an early postoperative hematoma (as outlined by plus signs) above the 
fascia in a transplant patient on systemic anticoagulation. Panel B illustrates a perinephric hematoma 
(as outlined by plus signs) in the same patient. 

Patients requiring postoperative anticoagulation for prophylaxis of a vascular thrombotic 
event are at greatest risk of developing a hematoma [33,34]. The reported risk of a 
postoperative bleed on heparin requiring surgical exploration has been reported as high as 
60% in patients on anticoagulation. Moreover, patients with a history of lupus and lupus 
anticoagulant are especially sensitive to heparin anticoagulation, leading to an increased 
risk of postoperative hemorrhage [35]. Percutaneous drainage of large hematomas is 
insufficient and operative exploration and evacuation should be undertaken to avoid 
vascular thrombosis and to remove clot as a potential nidus of infection. 
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5.1.4. Renal artery stenosis 

Transplant renal artery stenosis is a late complication of kidney transplantation. The diagnosis 
is usually made with DUS, which demonstrates parvus tardus waveforms as well as elevated 
resistive indices. An MRA is necessary to confirm the diagnosis. Treatment includes 
interventional procedures involving balloon angioplasty and potentially stenting or surgical 
repair with cadaveric graft. This topic is discussed in detail in another chapter of this textbook. 

5.2. Urinary 

5.2.1. Ureteral obstruction 

Pelvicaliceal dilation seen on DUS implies obstruction in the urinary flow. Placement of a 
foley catheter and examination of its patency can provide relief if the cause is from an 
enlarged prostate or dysfunctional bladder. Failure of the foley catheter to relieve 
obstruction necessitates immediate decompression via placement of a percutaneous 
nephrostomy tube. An antegrade pyelogram can be performed to visualize where the 
obstruction occurs (Figure 3). A decrease in the serum creatinine following decompression 
confirms the diagnosis. After 1-2 days of allowing the postoperative edema to subside, a 
nephrogram is performed to evaluate whether ureteral obstruction or stenosis remains. 
Early strictures usually require surgical repair, where as late strictures are more amenable to 
less invasive procedures, such as stent placement and angioplasty. 

 
Figure 3. An antegrade pyelogram is shown demonstrating complete obstruction (red arrow) at the 
ureteroneocystostomy anastomosis of the transplanted kidney in the right lower quadrant. 
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Ureteral strictures in the early postoperative period are related to technical issues. Patients 
with ureteral stents will not present with obstruction in the early postoperative period. Rather 
they may present with this problem several weeks after stent removal. This complication is 
usually the result of a twist in the ureter or narrowing at the anastomosis due to distal ureteral 
ischemia [36]. Short segment strictures (< 2 cm) are usually amenable to percutaneous 
dilatation whereas longer strictures (>2 cm) and those involving the proximal or mid-ureter 
typically require surgical revision. The treatment options include excising the stricture and 
creating a new ureteroneocystostomy, if sufficient length is available on the transplant ureter. 
A psoas hitch or Boari flap can be performed to bring the bladder closer to the kidney to assist 
in this approach. Otherwise, a ureteroureterostomy using the ipsilateral native ureter or 
ureteropyelostomy may be required. A 6 French double-J stent can be left in place for 4 to 6 
weeks. In cases where the ipsilateral native ureter is unavailable, the contralateral ureter can 
also be used. Graft survival is not significantly affected in patients undergoing correction or 
revision of urologic complications in the first year post-transplant [37].  

5.2.2. Urine leak 

Urine leak usually occurs in the first month after transplant and is due to a disruption in the 
ureteral-bladder anastomosis. Caliceal infarction from a partial thrombosis of the renal 
allograft can also present as a urine leak. The presenting symptoms include abdominal pain, 
increasing serum creatinine level and a decrease in urine output. Typically, a DUS or renal 
scan shows a fluid collection in the retroperitoneal space (Figure 4). Sampling of the fluid 
and analysis for creatinine can confirm the diagnosis of a urinoma.  

 
Figure 4. Urinoma (yellow arrow) located at the inferior pole of the transplanted kidney as a result of a 
urine leak. 
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Causes of urine leak include technical issues related to creation of the ureteroneocystostomy 
or ischemic necrosis of the distal ureter. Urgent surgical management of this condition is 
mandatory to decrease the risk of wound infection and improve potential for recovery of the 
allograft.  

5.3. Lymphocele 

A lymphocele is a collection of lymphatic fluid that develops in the postoperative field in a 
nonepithelialized cavity. These collections typically form around the divided lymphatics 
surrounding the recipient iliac vasculature. Most lymphoceles are asymptomatic and do not 
require any intervention; however, lymphoceles can cause compressive symptoms from 
mass effect on surrounding tissue and structures, or can become infected. Most lymphoceles 
occur between 2 weeks and 6 months post-transplant [38]. The peak incidence is about 6 
weeks post-transplant. The source of the lymphocele is from disrupted lymphatic channels 
surrounding the iliac vasculature during implantation. Lymphocele formation can be 
prevented by meticulous dissection and ligation of all lymphatic trunks with a 
nonabsorbable suture. Some have even suggested that lymphocele formation can be avoided 
by anastomosing to the common iliac vasculature were less lymphatic tissue is present [39]. 
The use of mTOR inhibitors has been strongly and positively correlated with the 
development of lymphoceles in kidney transplantation [40].  

 
Figure 5. A lymphocele (white arrow) can be seen on CT scan compressing the right lower quadrant 
transplanted kidney (red arrow) causing hydronephrosis. 
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Lymphoceles are suggested by DUS or CT scan findings demonstrating a large fluid 
periallograft collection (Figure 5). The most common location is adjacent to the bladder and 
multiple collections may be present. Sending aspirated fluid for cytological and biochemical 
analysis for lymphocytes can confirm the diagnosis. Small, asymptomatic collections should 
be left alone, as spontaneous resolution is common. Larger collections and those that are 
causing obstructive symptoms can be initially managed by placement of a percutaneous 
drain. Recurrence is common and several aspirations may be necessary. Each aspiration 
carries a theoretical risk of infection. Sclerotherapy with povidone-iodine can be effective 
[41]. A possible complication of povidone-iodine is acute renal failure and this should be 
monitored during and after treatment [42]. Operative drainage of lymphoceles provides 
definitive therapy. The goal for drainage is to allow communication with the peritoneal 
cavity where it can be reabsorbed. This can be done via an open or the preferred 
laparoscopic approach [38]. The lymphocele is unroofed or fenestrated with a 5 cm opening 
to allow direct drainage into the peritoneal cavity.  

6. Medical complications 

6.1. Delayed graft function 

Delayed graft function (DGF) is the most common cause of early graft dysfunction and is 
defined as the need for dialysis within the first week after transplant. DGF has been 
reported to affect approximately 20-25% of all deceased donor transplant recipients [43]. 
Recipients of marginal donors, including ECD and DCD, have rates of DGF as high as 70% 
in some studies [15, 44]. The use of pulsatile hypothermic machine perfusion has been 
shown in studies to reduce that risk, though the overall rate still remains higher than SCD 
allografts [44]. Various donor risk factors for DGF include age, cause of death, and ischemia 
reperfusion injury [45]. 

DGF is a well-documented risk factor for poor graft survival. In a 2011 study analyzing 40 
years of deceased donor renal transplant recipients, the occurrence of DGF and acute 
rejection were the most significant predictors of renal allograft survival rates [26]. As 
previously discussed, marginal donors have the highest rates of DGF, while the rate of DGF 
in living donors is relatively uncommon. Additionally, patients undergoing 
retransplantation have higher rates of DGF than first time recipients of renal allografts. ECD 
allograft recipients may have a higher rate of acute rejection, which may be related to the 
higher rate of DGF in these allografts [46]. Prolonged cold ischemia has been a well-
documented cause of DGF; however, recent data suggests that cold ischemia-induced DGF 
may play a limited role in long-term outcomes [47]. 

The use of DUS and biopsy can differentiate DGF from other causes of early graft 
dysfunction, such as acute rejection or surgical complications. A transplant biopsy is usually 
necessary to differentiate between other causal factors, such as acute rejection or recurrent 
disease. Radiographic studies in the proper clinical context can also aid in the diagnosis of 
DGF. Typically, transplants with DGF will demonstrate good renal perfusion and good 
parenchymal uptake of radionucleotide tracer with little or no renal excretion. Primary non-
function should be considered in the differential at this time point. 
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6.2. Drug-induced nephrotoxicity 

Calcineurin inhibitors (CNIs) have become the cornerstone of immunosuppression 
regimens. Early administration post-transplant has helped mitigate the risk of acute 
rejection in kidney transplantation. Most institutions have implemented the use of 
polyclonal antibody-depleting or monoclonal antibody induction therapy in conjunction 
with introduction of CNIs as early as postoperative day 1 or 2, as we do in our institution. 
CNIs can have a nephrotoxic effect on the allograft by decreasing renal blood flow in the 
afferent arteriole, leading to tubular injury [48]. Variable oral absorption of CNIs, especially 
cyclosporine, in the early postoperative period can lead to either overdosing or 
underdosing, causing either nephrotoxicity or acute rejection, respectively.  

Differentiating calcineurin inhibitor toxicity from other causes of graft dysfunction is 
difficult based on clinical context. Percutaneous transplant biopsy can be used to diagnose 
other causes of graft dysfunction. Histologic findings are non-specific with tubular injury 
and tubular vacuolization being the most common early findings. Hyaline deposition and 
fibrosis can be found with chronic injury. Obtaining daily calcineurin inhibitor levels can 
prevent supratherapeutic dosing, predisposing patients to the nephrotoxic effects. Avoiding 
nephrotoxicity is important, as chronic nephrotoxicity has been shown to correlate with 
chronic transplant nephropathy, ultimately affecting long-term allograft survival [49]. 

6.3. Infectious complications 

Infectious complications in the early postoperative period are typically related to the 
operation. The most common postoperative infections include surgical site infections, 
urinary tract infections, bacteremia from central venous catheters, and pneumonia [50]. 
Careful and meticulous surgical technique and attention to detail can help prevent most 
early infectious complications, such as surgical site infections, central venous catheter sepsis, 
and urinary tract infections from foley catheter placement. Encouraging early ambulation 
and the use of incentive spirometry decreases the incidence of atelectasis and the risk of 
postoperative pneumonia. Removing foley catheters and stents once they no longer serve an 
appreciable purpose can help prevent and eliminate urinary tract infections. Central venous 
catheters should be removed as early as possible to decrease the incidence of line sepsis. 

Typically, opportunistic infections are relatively uncommon in the early postoperative 
period (<30 days). Cytomegalovirus (CMV) infection occurs, especially in seronegative 
recipients receiving allografts from seropositive donors. Institution of CMV prophylaxis 
with oral valganciclovir or high-dose oral acyclovir for a minimum of 3 months has 
significantly reduced the incidence and severity of CMV infection [51]. Once antiviral 
prophylaxis has been halted, CMV infection may still occur. Appropriate prophylaxis with 
trimethoprim/sulfamethoxazole has almost entirely eliminated early Pneumocystis carinii 
pneumonia. Prophylactic antifungal agents, such as nystatin or clotrimazole troches, have also 
been instituted to decrease the risk of oral Candida infections in the early postoperative period. 
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trimethoprim/sulfamethoxazole has almost entirely eliminated early Pneumocystis carinii 
pneumonia. Prophylactic antifungal agents, such as nystatin or clotrimazole troches, have also 
been instituted to decrease the risk of oral Candida infections in the early postoperative period. 
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Prompt diagnosis and treatment of infectious complications leads to better outcomes. 
Aggressive treatment with intravenous antibacterial, antiviral or antifungal agents for 
severe infections improve outcomes. Infected intra-abdominal collections should be drained. 
Minimizing external instrumentation should be part of the fundamental strategy in 
preventing infectious complications. 

6.4. Disease recurrence 

The majority of causes of end-stage renal disease (ESRD) do not recur early in the post-
transplant period. Disease processes such as diabetes mellitus and hypertension can cause 
recurrence of ESRD if poorly controlled over a long period of time. Two causes of ESRD, 
however, can recur immediately post-transplant: focal segmental glomerulosclerosis (FSGS) 
and thrombotic microangiopathy (TMA). 

FSGS is a form of glomerulonephritis that can recur immediately post-transplant. Although 
the exact mechanism is unclear, a serum factor causes glomerular injury and early massive 
proteinuria [52,53]. The development of nephrotic range proteinuria can be suggestive of 
disease recurrence in a patient with a pretransplant diagnosis of FSGS. The diagnosis can be 
verified with electron microscopy demonstrating effacement of foot processes. Current 
treatment strategies include increasing calcineurin inhibitor dosing, steroids, and 
plasmapheresis, with the latter modality being the most effective [52]. If patients fail to 
respond over several weeks, then further treatments are not likely to be effective. 

Thrombotic microangiopathy can also recur relatively quickly post-transplant. Causes of 
TMA include recurrent disease, endothelial damage from calcineurin inhibitor use, 
hypercoagulable disorders, or antibody-mediated rejection episodes [54]. Clinical 
manifestations include hemolysis and decreases in hemoglobin, platelet count, and 
haptoglobin. Additionally, microangiopathy will be present on peripheral blood smears. 
Patients will have increases in lactate dehydrogenase and serum creatinine, signifying 
allograft dysfunction. Transplant biopsy will show fibrin clot in arterioles. Treatment 
includes removing inciting factors, such as calcineurin inhibitors, as well as plasmapheresis 
[55]. Eculizumab, a humanized monoclonal antibody to complement component 5 (C5) to 
mediate complement-mediated injury, has emerged as a possible treatment option for TMA 
[56]. Blocking complement activation, especially the last step of the complement cascade, 
has important implications in TMA. Treatment of TMA posttransplant has been successfully 
reported [57], but still carries a poor prognosis. 

7. Summary 
Early management of the kidney transplant recipient is crucial for optimizing outcomes and 
avoiding early graft loss, or even death. Given the surgical and medical complexity of these 
patients, attention to detail and prompt diagnosis of complications is critical to achieving 
excellent outcomes. Clinical scenarios need to be recognized where early operative 
intervention is necessary to save the graft. However, whenever possible, prevention of 
complications provides the best outcomes.  
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1. Introduction 

On December 23, 1954, the first successful kidney transplantation was performed at the 
Peter Bent Brigham Hospital in Boston with the donor being an identical twin of the 
recipient [1]. This sentinel event marked one of the first in the history of modern medicine 
that a perfectly healthy individual underwent an invasive surgical procedure for the benefit 
of another. It also revealed that kidney donation and kidney transplantation were feasible 
and thus ushered the era of renal transplantation. Crossing immunological barriers between 
donor and recipient became the next major hurdle in the field. Over the past decades, 
advances in immunosuppression and crossmatch techniques have significantly improved 
the survival of renal transplants. Allograft survival has improved from 10% in the 1960’s to 
over 90% in the modern era [2,3].  

This chapter will introduce the basics of transplantation immunology with an emphasis on 
the HLA system and mechanisms for HLA typing. It will also provide an overview of 
different crossmatch techniques and also expound upon methods to determine sensitization 
to the donor. Lastly, it will introduce the basis for acute rejection, the diagnostic criteria that 
is currently employed, and noninvasive methods to diagnose acute rejection.  

2. HLA system 

The Human Leukocyte Antigen (HLA) is composed of proteins expressed on all nucleated 
cells encoded by a gene cluster called the major histocompatibility complex (MHC) and is 
the cornerstone of how mammals can differentiate between self and non-self. The work on 
MHC originated from Peter Gorer in the 1930’s where he identified a set of four blood-
group antigens [4]. Since these important findings, much research has been performed in 
investigating the MHC system and the equivalent H-2 system in mice. Understanding the 
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HLA system is critical to transplantation because differences in HLA between donor and 
recipient allow the immune system of a recipient to reject a donor’s kidney. The HLA 
system is divided into two major classes of molecules: class I and class II.  

2.1. HLA class I system 

There are three major alleles of the HLA class I genes: HLA-A, HLA-B, and HLA-C. The 
HLA class I molecule is a membrane-bound glycoprotein that is expressed on the surface of 
all nucleated cells and presents peptides for recognition by the host immune cells. The 
structure of the HLA class I molecule can be divided into the following regions: a 
cytoplasmic tail, a transmembrane segment, and an extracellular alpha component that has 
three external domains: a1, a2, and a3. In order to be able to present antigen to lymphocytes for 
recognition, the HLA class I molecule must associate with B2-microglobulin. Between the a1 
and a2 domains is a groove like structure that can bind peptides of 8 to 10 amino acids.  

To understand the process of presentation in the HLA class I system, we will use an 
example of an intracellular bacteria that has invaded a nucleated cell of the host. 
Presentation of antigen by an HLA class I molecule requires an important step called 
loading of the antigen on the HLA class I molecule.  Inside each cell is a protein-degrading 
machinery called the proteasome which constantly degrades proteins into amino acids. 
Following bacterial invasion, some of the bacterial proteins will be degraded by the cell’s 
proteasome. The short peptide segments of the bacterial proteins are loaded onto the groove 
of the host HLA class I molecule. The HLA class I molecule is then brought to the surface of 
the cell and can now present the peptide to the host’s circulating lymphocytes. If a 
lymphocyte recognizes the bacterial antigen in the groove of the host HLA class I molecule, 
it can become activated and can initiate a cascade of intracellular changes, resulting in the 
proliferation of lymphocytes that can specifically attack the infected cell. It is through the 
host HLA class I antigen processing and presentation that the immune system can eliminate 
cells infected with intracellular bacteria. If presented without the host HLA class I molecule, 
naked bacterial proteins are not recognized by the host immune system [4,5].  

For transplantation, this process can be summarized in a similar way. Just as the proteasome 
processes proteins associated with intracellular bacteria, it also degrades all proteins in a 
foreign cell including the HLA class I molecules. As such, donor leukocytes that travel along 
the kidney at the time of transplantation undergo the fate of an intracellular bacteria. They 
present peptides of the donor HLA class I molecule to circulating host lymphocytes. 
Lymphocytes recognize the donor peptides and mount a response against the foreign HLA 
class I molecule. 

2.2. HLA class II system 

An important difference between HLA class I molecules and HLA class II molecules is that the 
HLA class II molecules are expressed in a limited number of cell lines such as dendritic cells, 
macrophages, and B lymphocytes. Certain other cells like vascular endothelial cells and 
various epithelial and mesenchymal cells can be induced to express class II molecules. There 
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are 3 major alleles of the HLA class II genes: HLA-DP, HLA-DQ, and HLA-DR. The function of 
the HLA class II molecule is to present extracellular foreign antigens to the immune system.  

The structure of the HLA class II molecule can be divided into the following regions: a 
cytoplasmic tail, a transmembrane segment, and an extracellular alpha component that has 
two external domains. Unlike the HLA class I molecule, the HLA class II molecule is 
composed of a dimer. Once a dimer is formed, the extracellular units of the dimer create a 
groove like structure that can bind peptides for presentation. This peptide binding groove is 
the place where foreign antigens can be presented to lymphocytes. 

To understand the process of presentation in the HLA class II system, we will use an 
example of extracellular bacteria. A macrophage, which is one of the cell types that express 
HLA class II molecules, can endocytose an extracellular bacteria. The endocytosed bacteria 
fuse with lysosomes, which contain enzymes that will degrade peptides of the bacteria. 
Peptides from this degradation event are loaded onto the HLA class II molecules which are 
brought to the surface for display to the immune system.  The HLA class II molecules 
present the peptides to the host lymphocytes resulting in various immune responses that 
culminate in the killing of the bacteria.  

For transplantation, the immune response can be summarized in a similar way. Specialized 
recipient cells that express the HLA class II molecule routinely endocytose contents of their 
environment. As such, these specialized cells can endocytose the contents of donor cells 
which may include donor HLA class I or class II molecules. These peptides are subsequently 
loaded onto the HLA class II molecule and can now be presented to the recipient’s 
circulating lymphocytes.  

A major functional difference between the two classes of HLA is that the class I molecules 
present peptides derived from intracellular proteins to cytotoxic CD8 T cells, whereas class 
II molecules present peptides derived from extracellular proteins to CD4 T cells. After a 
kidney transplant, donor antigen presenting cells migrate to the draining lymph nodes of 
the recipient. The recipient CD4+T cells respond to donor class II HLA-peptide complex and 
the recipient CD8+T cells respond to donor class I HLA-peptide complex. This is called the 
direct pathway and is fundamentally different from the way the immune system responds 
to a foreign antigen. Contrary to MHC-restriction by which the T cells that respond to 
foreign peptides do so only when the foreign peptides are presented by antigen presenting 
cells expressing the same MHC as the responding T cells, T lymphocytes of the recipient 
respond and proliferative to donor derived non-self HLA molecules.  In the indirect 
pathway, the sequence of events is similar to the host response towards an extracellular 
pathogen; recipient’s antigen presenting cells internalize donor derived peptides and 
present as recipient HLA-donor peptide complex to the recipient lymphocyte [6]. 

2.3. HLA typing  

Determining the HLA make up of an individual is called HLA typing. The HLA system is 
extremely diverse with hundreds of known alleles for each HLA class molecule.  We have 
two alleles, one derived from each parent, for each HLA molecule. Alleles derived from each 
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are 3 major alleles of the HLA class II genes: HLA-DP, HLA-DQ, and HLA-DR. The function of 
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extremely diverse with hundreds of known alleles for each HLA class molecule.  We have 
two alleles, one derived from each parent, for each HLA molecule. Alleles derived from each 



 
Current Concepts in Kidney Transplantation 102 

parent that are transmitted together is called a haplotype. Matching or mismatching 
between donor and receipient is reported based on haplotypes for living related transplants 
and on individual antigens for deceased donor transplants. Typically, there are three major 
HLA alleles that are routinely assessed: 2 alleles of HLA-A, 2 alleles of HLA-B, and 2 alleles 
of HLA-DR. It is important to remember that, immunologically, a 6-antigen matched 
deceased donation is not the same as a 2-haploidentical living-related donation. Similarly, 
due to differences in minor histocompatibility antigens, donation between 2-haploidentical 
siblings is not the same as donation between identical twins. In the following sections, we 
will review the methods for determining the composition of the HLA antigen system of an 
individual. 

2.3.1. Serology based methods 

Serology based typing was the first method used to identify the HLA of an individual. This 
technique is similar to blood group typing. It utilizes viable lymphocytes of the individual to 
be typed. The lymphocytes are mixed with antisera that contain antibodies to a wide 
spectrum of HLA. Although simple, there are several limitations with this method. The 
coverage of HLA antigen screening is not comprehensive as antisera for corresponding HLA 
have been largely developed in Caucasian population. Variability exists in the production of 
antisera resulting in differences among laboratories. Viable lymphocytes are necessary for 
serology typing. Given these limitations and the significant decrease in cost for DNA typing 
methods, serology based methods have been largely supplanted [7,8]. 

2.3.2. DNA typing methods 

Currently, the major techniques in DNA typing include sequence-specific primers (SSPs), 
sequence-specific oligonucleotide probes (SSOPs), and sequencing-based typing (SBT). The 
SSP method takes advantage of the polymerase chain reaction (PCR) and the specificity of 
primers. A PCR will not undergo amplification unless the sequences of the primers are 
nearly perfect in binding. Primer sets have been designed in order to detect the variation in 
sequences for HLA typing. The SSP method can thus detect the HLA typing of an 
individual. Given the significant reduction in cost for PCR, the technique is inexpensive and 
can provide HLA typing in few hours. The SSOP method provides a complementary 
approach. The method utilizes 6 to 19 length nucleotide probes that will bind to DNA 
sequences specific to HLA alleles. The probes are labeled with a marker like digoxigenin 
that will allow for identification of HLA alleles. 

Because of increasing number of HLA alleles being identified, higher resolution methods 
have been developed. Both the SSP and SSOP methods can only identify known HLA 
alleles. In contrast, SBT method does not require prior knowledge of the HLA alleles and 
can reveal new alleles. This method does provide the most comprehensive understanding of 
an HLA typing but is time consuming and expensive.  Many centers utilize SSP method and 
SSOP method for routine identification of the typing of an individual [7,8,9].  
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2.4. HLA matching 

It was recognized that allograft survival was superior in siblings who shared the same 
serologically typed HLA when compared to non-matched deceased donor transplants. 
Given advances in immunosuppressive therapy and improved crossmatching techniques, 
transplantation across HLA barriers is now routinely performed. In the early 1990s, it was 
shown that there was an increased rate of one-year graft survival and estimated half-life for 
matched grafts compared with mismatched grafts [10]. Long term graft survival rather than 
early rejection is affected by the degree of HLA mismatch. As per the 2010 annual report of the 
Scientific Registry of Transplant Recipients, the five-year allograft survival for deceased donor 
kidney transplants was 77% with zero HLA mismatch and 67% with six HLA mismatch (3). 
Two haplotype matched living transplants are estimated to have a half life of approximately 30 
years while one haplotype matched living transplants have a half life of 18 years [11].  

In addition to the major HLA described above, minor antigens may play a significant role in 
allograft survival. An important antigenic molecule that is well described is the MHC class I 
polypeptide-related sequence A encoded by the MICA gene. The MICA gene is located on 
human chromosome 6 but unlike class I molecule, does not associate with beta-2-
microglobulin and thus does not present antigens like HLA class I molecules. However, it is 
highly polymorphic and over 50 antigens have been described. Transplant recipients who 
have antibodies to MICA have worse graft survival compared to those who do not [12,13,14]. 

3. Blood group matching 
In order to transplant a kidney, the same rules of blood transfusion apply. Thus, ABO blood 
group matching is the fundamental first step. Rh matching, however, is not required as Rh 
proteins are predominantly expressed only on red blood cells.  Aside from HLA matching, 
ABO incompatibility has been another successful barrier that has been crossed in renal 
transplantation. In Japan, over 1000 transplant patients have received ABO incompatible 
transplants with good allograft survival. One-year and 3-year graft survival rates in this 
cohort were 96% and 94%, respectively [15]. Desensitization protocols have been developed 
that include use of rituximab, splenectomy, or plasmapheresis to successfully achieve high 
rates of graft survival.  

4. Complement Dependent Cytotoxicity (CDC) crossmatch test 
The CDC crossmatch test was a landmark in vitro test that propelled transplantation into a 
new era. Developed by Paul Terasaki in the late 1960’s, it is still used today and is a 
prerequisite for any renal transplantation. The CDC crossmatch test essentially screens for 
preformed antibodies in the recipient that may immediately react against the donor. In this 
test, T lymphocytes are isolated from the donor and mixed with serum from the recipient. 
When preformed antibodies from the recipient recognize the HLA class I molecule, these 
antibodies bind to them. Following the addition of complement, the cells undergo lysis. A 
dye that penetrates lysed cells is utilized to detect the strength of the cell death. In contrast, 
if no antibodies in the recipient’s serum bind to the T-lymphocyes of the donor, complement 
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parent that are transmitted together is called a haplotype. Matching or mismatching 
between donor and receipient is reported based on haplotypes for living related transplants 
and on individual antigens for deceased donor transplants. Typically, there are three major 
HLA alleles that are routinely assessed: 2 alleles of HLA-A, 2 alleles of HLA-B, and 2 alleles 
of HLA-DR. It is important to remember that, immunologically, a 6-antigen matched 
deceased donation is not the same as a 2-haploidentical living-related donation. Similarly, 
due to differences in minor histocompatibility antigens, donation between 2-haploidentical 
siblings is not the same as donation between identical twins. In the following sections, we 
will review the methods for determining the composition of the HLA antigen system of an 
individual. 

2.3.1. Serology based methods 

Serology based typing was the first method used to identify the HLA of an individual. This 
technique is similar to blood group typing. It utilizes viable lymphocytes of the individual to 
be typed. The lymphocytes are mixed with antisera that contain antibodies to a wide 
spectrum of HLA. Although simple, there are several limitations with this method. The 
coverage of HLA antigen screening is not comprehensive as antisera for corresponding HLA 
have been largely developed in Caucasian population. Variability exists in the production of 
antisera resulting in differences among laboratories. Viable lymphocytes are necessary for 
serology typing. Given these limitations and the significant decrease in cost for DNA typing 
methods, serology based methods have been largely supplanted [7,8]. 

2.3.2. DNA typing methods 

Currently, the major techniques in DNA typing include sequence-specific primers (SSPs), 
sequence-specific oligonucleotide probes (SSOPs), and sequencing-based typing (SBT). The 
SSP method takes advantage of the polymerase chain reaction (PCR) and the specificity of 
primers. A PCR will not undergo amplification unless the sequences of the primers are 
nearly perfect in binding. Primer sets have been designed in order to detect the variation in 
sequences for HLA typing. The SSP method can thus detect the HLA typing of an 
individual. Given the significant reduction in cost for PCR, the technique is inexpensive and 
can provide HLA typing in few hours. The SSOP method provides a complementary 
approach. The method utilizes 6 to 19 length nucleotide probes that will bind to DNA 
sequences specific to HLA alleles. The probes are labeled with a marker like digoxigenin 
that will allow for identification of HLA alleles. 

Because of increasing number of HLA alleles being identified, higher resolution methods 
have been developed. Both the SSP and SSOP methods can only identify known HLA 
alleles. In contrast, SBT method does not require prior knowledge of the HLA alleles and 
can reveal new alleles. This method does provide the most comprehensive understanding of 
an HLA typing but is time consuming and expensive.  Many centers utilize SSP method and 
SSOP method for routine identification of the typing of an individual [7,8,9].  
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2.4. HLA matching 

It was recognized that allograft survival was superior in siblings who shared the same 
serologically typed HLA when compared to non-matched deceased donor transplants. 
Given advances in immunosuppressive therapy and improved crossmatching techniques, 
transplantation across HLA barriers is now routinely performed. In the early 1990s, it was 
shown that there was an increased rate of one-year graft survival and estimated half-life for 
matched grafts compared with mismatched grafts [10]. Long term graft survival rather than 
early rejection is affected by the degree of HLA mismatch. As per the 2010 annual report of the 
Scientific Registry of Transplant Recipients, the five-year allograft survival for deceased donor 
kidney transplants was 77% with zero HLA mismatch and 67% with six HLA mismatch (3). 
Two haplotype matched living transplants are estimated to have a half life of approximately 30 
years while one haplotype matched living transplants have a half life of 18 years [11].  

In addition to the major HLA described above, minor antigens may play a significant role in 
allograft survival. An important antigenic molecule that is well described is the MHC class I 
polypeptide-related sequence A encoded by the MICA gene. The MICA gene is located on 
human chromosome 6 but unlike class I molecule, does not associate with beta-2-
microglobulin and thus does not present antigens like HLA class I molecules. However, it is 
highly polymorphic and over 50 antigens have been described. Transplant recipients who 
have antibodies to MICA have worse graft survival compared to those who do not [12,13,14]. 

3. Blood group matching 
In order to transplant a kidney, the same rules of blood transfusion apply. Thus, ABO blood 
group matching is the fundamental first step. Rh matching, however, is not required as Rh 
proteins are predominantly expressed only on red blood cells.  Aside from HLA matching, 
ABO incompatibility has been another successful barrier that has been crossed in renal 
transplantation. In Japan, over 1000 transplant patients have received ABO incompatible 
transplants with good allograft survival. One-year and 3-year graft survival rates in this 
cohort were 96% and 94%, respectively [15]. Desensitization protocols have been developed 
that include use of rituximab, splenectomy, or plasmapheresis to successfully achieve high 
rates of graft survival.  

4. Complement Dependent Cytotoxicity (CDC) crossmatch test 
The CDC crossmatch test was a landmark in vitro test that propelled transplantation into a 
new era. Developed by Paul Terasaki in the late 1960’s, it is still used today and is a 
prerequisite for any renal transplantation. The CDC crossmatch test essentially screens for 
preformed antibodies in the recipient that may immediately react against the donor. In this 
test, T lymphocytes are isolated from the donor and mixed with serum from the recipient. 
When preformed antibodies from the recipient recognize the HLA class I molecule, these 
antibodies bind to them. Following the addition of complement, the cells undergo lysis. A 
dye that penetrates lysed cells is utilized to detect the strength of the cell death. In contrast, 
if no antibodies in the recipient’s serum bind to the T-lymphocyes of the donor, complement 
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will not be activated and there will be no cell death. No dye will be taken up by the cells and 
the test is considered a negative reaction. The result of the crossmatch test is reported as the 
percentage of dead cells relative to live cells as determined by microscopy. The reading is on 
a semi-quantitative scale with 0 representing no dead cells, 2, 4, and 6 representing 
increasing severity of cell death, and 8 representing complete lysis of cells.  When there is 
greater than 20% cell lysis, the test is reported as positive and is generally considered a 
contraindication for transplantation [6]. 

The importance of the CDC crossmatch test in transplantation cannot be underscored. In 
Terasaki’s initial series, 24 out of 30 transplants that tested positive for the CDC crossmatch 
test had immediate allograft failure while only 4 out of 17 transplants that tested negative  
had immediate allograft failure [16]. Since the development of this test, hyperacute rejection 
with immediate allograft failure has largely disappeared.  

4.1. Significance of B lymphocyte CDC test 

At the present time, a positive CDC crossmatch test utilizing T lymphocytes of the donor is 
considered an absolute contraindication for kidney transplantation. T cells do not 
constitutively express HLA class II molecules. Hence, the result of a positive T lymphocyte 
crossmatch test generally reflects antibodies to HLA class I only. A positive CDC crossmatch 
test using B lymphocytes of the donor has different implications. B lymphocytes express 
both HLA class I and HLA class II molecules. A CDC crossmatch test that is positive against 
donor B lymphocytes but negative against donor T lymphocytes can be interpreted to 
represent a HLA class II antibody that reacts against the donor or to represent low levels of 
HLA class I antibodies against the donor. The expression of HLA class II molecule is not 
universal like HLA class I molecule and is limited to macrophages, dendritic cells, and B 
lymphocytes. A positive B lymphocyte CDC crossmatch test is not an absolute 
contraindication to proceeding with the transplantation. However, it has been associated 
with reduced long term graft survival [17]. A positive T lymphocyte CDC crossmatch in the 
presence of a negative B lymphocyte CDC crossmatch could possibly be a technical error 
related to B lymphocyte viability and is usually repeated [18].  

4.2. Advances in CDC testing 

In order to enhance the sensitivity of the CDC crossmatch test, anti-human globulin (AHG) 
has been utilized [6]. Efficient complement activation in the CDC crossmatch test depends 
not only on the antibody binding to the donor cells but also the concentration of antibodies 
on the surface of the cells. It is possible to have a false negative T lymphocyte CDC 
crossmatch test if the concentration of antibodies binding to the T lymphocytes is below the 
threshold for complement activation. Addition of AHG will enhance the concentration of 
antibodies if specific binding of antibodies are already present and thus increase the 
sensitivity of the CDC crossmatch test. 

As both IgG and IgM can fix complement, the CDC crossmatch test cannot distinguish IgG 
from IgM antibodies. IgM antibodies are usually autoantibodies. IgM antibody exists as a 
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pentamer that is held by disulfide bonds. Such disulfide bonds can be broken down by the 
use of the reducing agents like 2-mercaptoethanol or dithiothreitol or by heating the serum 
to 630C for 10 minutes. As such, a CDC crossmatch test that is positive against B 
lymphocytes but negative when the same serum is treated with heat at 63°C likely indicates 
an IgM antibody. However, reducing agents or heat can also inactivate low levels of IgG 
antibodies. The significance of the presence of IgM antibodies is not well understood.   

4.3. Caveats to CDC crossmatch testing 

While the standard CDC crossmatch test with B lymphocytes and T lymphocytes has helped 
the transplant community to avoid hyperacute rejection, the test does have some limitations. 
Although lymphocytes express class I HLA and class II HLA molecules, they do not provide 
the full representation of all antigens against which antibodies from a recipient can react. 
Examples to consider are antibodies to MICA or anti-endothelial antibodies. MICA, as 
described previously, are HLA like molecules expressed on the surface of cells with many 
different allelic variations. Importantly, MICA is expressed on many cell lines like 
endothelial cells, dendritic cells, fibroblasts, and epithelial cells but not on lymphocytes. 
Thus, the standard CDC crossmatch tests with B lymphocytes and T lymphocytes are unable 
to detect donor specific antibodies against MICA. In a similar fashion, antibodies against 
donor endothelial cells may also be missed on the standard CDC crossmatch test as the 
targeted antigen may be present on the endothelial cells but not on the lymphocytes.  A 
CDC test with endothelial cells has recently been developed and employed. In reports of 
hyperacute rejection despite a negative CDC crossmatch test, investigation with the 
endothelial cell CDC crossmatch test has revealed the presence of antibodies against donor 
endothelial cells [19]. While it is possible that non-HLA antibodies can cause a hyperacute 
rejection, this is likely a rare event.  

5. Flow cytometry crossmatch test 

Advances in the field of transplantation have led to the development of a more sensitive test 
called the flow cytometry crossmatch test. The flow cytometer utilizes laser-based 
technology to evaluate the status of single cells one at a time. In a flow crossmatch test, cells 
from the potential donor are isolated and are labeled using a fluorescent marker. A 
fluorescent labeled antibody against CD3 or CD19 is used as a marker to distinguish T from 
B lymphocytes. The donor cells are incubated with the recipient’s serum to allow for 
potential antibodies to bind. If there are donor specific anti-HLA antibodies, the Fab portion 
of the antibody binds to the HLA antigens on the cell surface. Fluorescein-labeled goat anti-
human antibody is then used as the reporter fluorescent dye to detect the binding of this 
alloantibody. This secondary antibody can detect either IgG or IgM antibodies. Thus, if there 
is a positive reaction between the recipient’s serum and donor lymphocytes, the flow 
cytometer will be able to detect this interaction as it will recognize the fluorescent-labeled 
anti-CD3 or CD19 antibody and the fluorescent labeled antibody against the Fc portion of 
the donor specific antibody. If there is a negative reaction between the recipient’s serum and 
donor lymphocyte, the flow cytometer will recognize the fluorescent labeled anti-CD3 or 
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will not be activated and there will be no cell death. No dye will be taken up by the cells and 
the test is considered a negative reaction. The result of the crossmatch test is reported as the 
percentage of dead cells relative to live cells as determined by microscopy. The reading is on 
a semi-quantitative scale with 0 representing no dead cells, 2, 4, and 6 representing 
increasing severity of cell death, and 8 representing complete lysis of cells.  When there is 
greater than 20% cell lysis, the test is reported as positive and is generally considered a 
contraindication for transplantation [6]. 

The importance of the CDC crossmatch test in transplantation cannot be underscored. In 
Terasaki’s initial series, 24 out of 30 transplants that tested positive for the CDC crossmatch 
test had immediate allograft failure while only 4 out of 17 transplants that tested negative  
had immediate allograft failure [16]. Since the development of this test, hyperacute rejection 
with immediate allograft failure has largely disappeared.  

4.1. Significance of B lymphocyte CDC test 

At the present time, a positive CDC crossmatch test utilizing T lymphocytes of the donor is 
considered an absolute contraindication for kidney transplantation. T cells do not 
constitutively express HLA class II molecules. Hence, the result of a positive T lymphocyte 
crossmatch test generally reflects antibodies to HLA class I only. A positive CDC crossmatch 
test using B lymphocytes of the donor has different implications. B lymphocytes express 
both HLA class I and HLA class II molecules. A CDC crossmatch test that is positive against 
donor B lymphocytes but negative against donor T lymphocytes can be interpreted to 
represent a HLA class II antibody that reacts against the donor or to represent low levels of 
HLA class I antibodies against the donor. The expression of HLA class II molecule is not 
universal like HLA class I molecule and is limited to macrophages, dendritic cells, and B 
lymphocytes. A positive B lymphocyte CDC crossmatch test is not an absolute 
contraindication to proceeding with the transplantation. However, it has been associated 
with reduced long term graft survival [17]. A positive T lymphocyte CDC crossmatch in the 
presence of a negative B lymphocyte CDC crossmatch could possibly be a technical error 
related to B lymphocyte viability and is usually repeated [18].  

4.2. Advances in CDC testing 

In order to enhance the sensitivity of the CDC crossmatch test, anti-human globulin (AHG) 
has been utilized [6]. Efficient complement activation in the CDC crossmatch test depends 
not only on the antibody binding to the donor cells but also the concentration of antibodies 
on the surface of the cells. It is possible to have a false negative T lymphocyte CDC 
crossmatch test if the concentration of antibodies binding to the T lymphocytes is below the 
threshold for complement activation. Addition of AHG will enhance the concentration of 
antibodies if specific binding of antibodies are already present and thus increase the 
sensitivity of the CDC crossmatch test. 

As both IgG and IgM can fix complement, the CDC crossmatch test cannot distinguish IgG 
from IgM antibodies. IgM antibodies are usually autoantibodies. IgM antibody exists as a 
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pentamer that is held by disulfide bonds. Such disulfide bonds can be broken down by the 
use of the reducing agents like 2-mercaptoethanol or dithiothreitol or by heating the serum 
to 630C for 10 minutes. As such, a CDC crossmatch test that is positive against B 
lymphocytes but negative when the same serum is treated with heat at 63°C likely indicates 
an IgM antibody. However, reducing agents or heat can also inactivate low levels of IgG 
antibodies. The significance of the presence of IgM antibodies is not well understood.   

4.3. Caveats to CDC crossmatch testing 

While the standard CDC crossmatch test with B lymphocytes and T lymphocytes has helped 
the transplant community to avoid hyperacute rejection, the test does have some limitations. 
Although lymphocytes express class I HLA and class II HLA molecules, they do not provide 
the full representation of all antigens against which antibodies from a recipient can react. 
Examples to consider are antibodies to MICA or anti-endothelial antibodies. MICA, as 
described previously, are HLA like molecules expressed on the surface of cells with many 
different allelic variations. Importantly, MICA is expressed on many cell lines like 
endothelial cells, dendritic cells, fibroblasts, and epithelial cells but not on lymphocytes. 
Thus, the standard CDC crossmatch tests with B lymphocytes and T lymphocytes are unable 
to detect donor specific antibodies against MICA. In a similar fashion, antibodies against 
donor endothelial cells may also be missed on the standard CDC crossmatch test as the 
targeted antigen may be present on the endothelial cells but not on the lymphocytes.  A 
CDC test with endothelial cells has recently been developed and employed. In reports of 
hyperacute rejection despite a negative CDC crossmatch test, investigation with the 
endothelial cell CDC crossmatch test has revealed the presence of antibodies against donor 
endothelial cells [19]. While it is possible that non-HLA antibodies can cause a hyperacute 
rejection, this is likely a rare event.  

5. Flow cytometry crossmatch test 

Advances in the field of transplantation have led to the development of a more sensitive test 
called the flow cytometry crossmatch test. The flow cytometer utilizes laser-based 
technology to evaluate the status of single cells one at a time. In a flow crossmatch test, cells 
from the potential donor are isolated and are labeled using a fluorescent marker. A 
fluorescent labeled antibody against CD3 or CD19 is used as a marker to distinguish T from 
B lymphocytes. The donor cells are incubated with the recipient’s serum to allow for 
potential antibodies to bind. If there are donor specific anti-HLA antibodies, the Fab portion 
of the antibody binds to the HLA antigens on the cell surface. Fluorescein-labeled goat anti-
human antibody is then used as the reporter fluorescent dye to detect the binding of this 
alloantibody. This secondary antibody can detect either IgG or IgM antibodies. Thus, if there 
is a positive reaction between the recipient’s serum and donor lymphocytes, the flow 
cytometer will be able to detect this interaction as it will recognize the fluorescent-labeled 
anti-CD3 or CD19 antibody and the fluorescent labeled antibody against the Fc portion of 
the donor specific antibody. If there is a negative reaction between the recipient’s serum and 
donor lymphocyte, the flow cytometer will recognize the fluorescent labeled anti-CD3 or 
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CD19 antibody but not detect any fluorescent labeled antibody against the Fc portion of 
donor specific antibody [6].   

The flow crossmatch test has many advantages and is now routinely used prior to renal 
transplantation. It is considered to be more sensitive than the CDC crossmatch test. 
Complement fixation or high-titer antibodies are not required to obtain a positive result. 
During the early years of transplantation, patients continued to experience hyperacute 
rejections despite a negative CDC crossmatch test. Studies using flow crossmatch tests 
found that many acute rejections were associated with a positive flow crossmatch [20]. More 
recent studies have also suggested that transplant recipients with negative flow cytometry 
crossmatch test have better renal survival compared with those with positive flow 
cytometry crossmatch [21,22].   

It is important to note a few caveats in the interpretation of the flow crossmatch test. Flow 
cytometry results are reported as positive or negative based upon the median channel shift 
caused by the binding of a specific antibody. The number of channel shifts required to call a 
test positive or negative varies among laboratories and has not been standardized. Although 
modifications can be made to detect IgM antibodies, typically the standard flow crossmatch 
test only detects IgG that is bound to donor cells. A possible scenario is that the CDC 
crossmatch test is positive against T lymphocytes but negative against T lymphocytes when 
heated to 63°C, thus suggesting the presence of an IgM antibody. The flow crossmatch test will 
be negative as it cannot detect donor specific IgM antibody. Unlike the CDC crossmatch test, 
the flow crossmatch test is also not dependent on complement. A possible scenario is that the 
CDC crossmatch test is negative against T lymphocytes but the flow crossmatch test is positive 
against T lymphocytes. A possible interpretation of these results is that the antibodies that are 
binding to the donor T lymphocytes are non-complement fixing antibodies like IgG2.   

5.1. Significance of a positive flow crossmatch test 

The significance of a positive result in the presence of a negative CDC crossmatch is not 
entirely clear. In the absence of prior sensitization, a positive T or B lymphocyte flow 
crossmatch is not associated with increased risk of acute rejection. In patients who are 
sensitized prior to transplantation, the graft survival is inferior [18]. The outcome of a 
positive B lymphocyte flow crossmatch is less clear [23]. Some studies have not found that a 
positive B lymphocyte flow crossmatch influences graft function. These studies evaluated 
deceased donor transplantations and did not find a difference in the one year and three year 
graft survival [24]. Other studies have found that a positive B lymphocyte flow crossmatch 
test is associated with worse survival. One study evaluated 145 patients and found that 
patients with a positive B lymphocyte flow crossmatch had significantly poorer graft 
survival than those with a negative one (68% vs. 90% at 1 year) [25]. 

6. Panel Reactive Antibody test 
Instead of utilizing donor T lymphocytes and B lymphocytes as used in the standard CDC, 
the panel reactive antibody (PRA) test utilizes a panel of lymphocytes from approximately 
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100 blood donors that represent the local population of potential donors. Percentage of PRA 
is the number of reactions within that panel. This test allows for characterizing the 
sensitization of a recipient. For example, if the serum of a recipient causes lysis of cells and 
hence a positive reaction in 80 out of 100 samples, the PRA is 80%. Theoretically, if a donor 
is available from that donor pool, the recipient would experience acute rejection 80% of the 
time (6). The PRA test, however, is not comprehensive. The panel of individuals does not 
represent all HLA class I and class II molecules. Moreover, the antigen specificity is not 
known. Despite these drawbacks, the PRA test has been extremely useful in providing 
information about the sensitization of a recipient.   

Now, with refinement in technology, it is possible to determine the antigen specificity 
against which an individual produces antibody. These antigens against which an individual 
has antibodies are called unacceptable antigens. Currently, several centers do not perform 
routine PRA and instead calculate the PRA (CPRA). By knowing the frequency of 
unacceptable antigens in the national pool of donors, it is possible to calculate the likelihood 
that a recipient and a donor will be incompatible. Patients with CPRA that is greater than 
80% receive additional points for the allocation of a kidney.   

7. Solid phase assays for donor specific antibodies 
Development of solid phase assays in the past decades has advanced the ability to identify 
antibodies in the blood to specific HLA. Two methods, one based on ELISA and one based 
on fluorescent microspheres (Luminex®), are currently being used to determine the 
presence of HLA class I and HLA class II antibodies.   

In the ELISA method, specific purified HLA molecules are immobilized on a plastic surface. 
The serum of the patient of interest is then incubated on the plastic surface. If there are 
antibodies directed against a specific HLA, these antibody binds to the antigen. A second 
anti-human IgG directed against the Fc portion of antibody is now added to detect the 
serum antibodies that have bound to the HLA. An enzyme is usually attached to this second 
antibody. If the second antibody binds to the Fc portion of the specific anti-HLA antibody, 
addition of a substrate for the attached enzyme will generate a colored product that can be 
quantified.  

In the fluorescent microsphere method, specific synthetic HLA molecules are immobilized 
on fluorescent microspheres. The Luminex® system consists of 100 fluorescently dyed 5.6 
micron-sized polystyrene microspheres. These are internally dyed with red and infrared 
fluorophores. When excited with laser, each microsphere generates a unique spectral 
signature allowing for powerful multiplexing. The serum of the patient of interest is 
incubated with the microspheres coated with HLA molecules. A second fluorescent-labeled 
anti-human IgG directed against the Fc portion of the antibodies is then added to the 
system. A flow cytometer will detect the amount of fluorescent labeled anti-human IgG that 
is bound to a particular HLA molecule. The strength of the antibody titer is quantified as the 
mean fluorescence intensity (MFI).  Currently, Luminex® based anti-HLA detection is 
available as a screen to determine the presence of anti-HLA antibodies (LABScreen PRA) as 
well as to detect the specificity of the antibodies (LABScreen single antigen) [26]. 
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CD19 antibody but not detect any fluorescent labeled antibody against the Fc portion of 
donor specific antibody [6].   

The flow crossmatch test has many advantages and is now routinely used prior to renal 
transplantation. It is considered to be more sensitive than the CDC crossmatch test. 
Complement fixation or high-titer antibodies are not required to obtain a positive result. 
During the early years of transplantation, patients continued to experience hyperacute 
rejections despite a negative CDC crossmatch test. Studies using flow crossmatch tests 
found that many acute rejections were associated with a positive flow crossmatch [20]. More 
recent studies have also suggested that transplant recipients with negative flow cytometry 
crossmatch test have better renal survival compared with those with positive flow 
cytometry crossmatch [21,22].   

It is important to note a few caveats in the interpretation of the flow crossmatch test. Flow 
cytometry results are reported as positive or negative based upon the median channel shift 
caused by the binding of a specific antibody. The number of channel shifts required to call a 
test positive or negative varies among laboratories and has not been standardized. Although 
modifications can be made to detect IgM antibodies, typically the standard flow crossmatch 
test only detects IgG that is bound to donor cells. A possible scenario is that the CDC 
crossmatch test is positive against T lymphocytes but negative against T lymphocytes when 
heated to 63°C, thus suggesting the presence of an IgM antibody. The flow crossmatch test will 
be negative as it cannot detect donor specific IgM antibody. Unlike the CDC crossmatch test, 
the flow crossmatch test is also not dependent on complement. A possible scenario is that the 
CDC crossmatch test is negative against T lymphocytes but the flow crossmatch test is positive 
against T lymphocytes. A possible interpretation of these results is that the antibodies that are 
binding to the donor T lymphocytes are non-complement fixing antibodies like IgG2.   

5.1. Significance of a positive flow crossmatch test 

The significance of a positive result in the presence of a negative CDC crossmatch is not 
entirely clear. In the absence of prior sensitization, a positive T or B lymphocyte flow 
crossmatch is not associated with increased risk of acute rejection. In patients who are 
sensitized prior to transplantation, the graft survival is inferior [18]. The outcome of a 
positive B lymphocyte flow crossmatch is less clear [23]. Some studies have not found that a 
positive B lymphocyte flow crossmatch influences graft function. These studies evaluated 
deceased donor transplantations and did not find a difference in the one year and three year 
graft survival [24]. Other studies have found that a positive B lymphocyte flow crossmatch 
test is associated with worse survival. One study evaluated 145 patients and found that 
patients with a positive B lymphocyte flow crossmatch had significantly poorer graft 
survival than those with a negative one (68% vs. 90% at 1 year) [25]. 

6. Panel Reactive Antibody test 
Instead of utilizing donor T lymphocytes and B lymphocytes as used in the standard CDC, 
the panel reactive antibody (PRA) test utilizes a panel of lymphocytes from approximately 
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100 blood donors that represent the local population of potential donors. Percentage of PRA 
is the number of reactions within that panel. This test allows for characterizing the 
sensitization of a recipient. For example, if the serum of a recipient causes lysis of cells and 
hence a positive reaction in 80 out of 100 samples, the PRA is 80%. Theoretically, if a donor 
is available from that donor pool, the recipient would experience acute rejection 80% of the 
time (6). The PRA test, however, is not comprehensive. The panel of individuals does not 
represent all HLA class I and class II molecules. Moreover, the antigen specificity is not 
known. Despite these drawbacks, the PRA test has been extremely useful in providing 
information about the sensitization of a recipient.   

Now, with refinement in technology, it is possible to determine the antigen specificity 
against which an individual produces antibody. These antigens against which an individual 
has antibodies are called unacceptable antigens. Currently, several centers do not perform 
routine PRA and instead calculate the PRA (CPRA). By knowing the frequency of 
unacceptable antigens in the national pool of donors, it is possible to calculate the likelihood 
that a recipient and a donor will be incompatible. Patients with CPRA that is greater than 
80% receive additional points for the allocation of a kidney.   

7. Solid phase assays for donor specific antibodies 
Development of solid phase assays in the past decades has advanced the ability to identify 
antibodies in the blood to specific HLA. Two methods, one based on ELISA and one based 
on fluorescent microspheres (Luminex®), are currently being used to determine the 
presence of HLA class I and HLA class II antibodies.   

In the ELISA method, specific purified HLA molecules are immobilized on a plastic surface. 
The serum of the patient of interest is then incubated on the plastic surface. If there are 
antibodies directed against a specific HLA, these antibody binds to the antigen. A second 
anti-human IgG directed against the Fc portion of antibody is now added to detect the 
serum antibodies that have bound to the HLA. An enzyme is usually attached to this second 
antibody. If the second antibody binds to the Fc portion of the specific anti-HLA antibody, 
addition of a substrate for the attached enzyme will generate a colored product that can be 
quantified.  

In the fluorescent microsphere method, specific synthetic HLA molecules are immobilized 
on fluorescent microspheres. The Luminex® system consists of 100 fluorescently dyed 5.6 
micron-sized polystyrene microspheres. These are internally dyed with red and infrared 
fluorophores. When excited with laser, each microsphere generates a unique spectral 
signature allowing for powerful multiplexing. The serum of the patient of interest is 
incubated with the microspheres coated with HLA molecules. A second fluorescent-labeled 
anti-human IgG directed against the Fc portion of the antibodies is then added to the 
system. A flow cytometer will detect the amount of fluorescent labeled anti-human IgG that 
is bound to a particular HLA molecule. The strength of the antibody titer is quantified as the 
mean fluorescence intensity (MFI).  Currently, Luminex® based anti-HLA detection is 
available as a screen to determine the presence of anti-HLA antibodies (LABScreen PRA) as 
well as to detect the specificity of the antibodies (LABScreen single antigen) [26]. 
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It is important to note some limitations with the solid phase assays. The chosen panel of 
HLA in solid phase assay usually represents the most prevalent HLA in the population and 
so can miss some of the less common HLA. The solid phase assay is also more of “in vitro” 
test as the HLA in the ELISA method and fluorescent microsphere method are not expressed 
on cells but are rather synthetically generated and placed on plastic plate or beads, 
respectively. As such, the solid phase assays will be able to detect HLA in secondary 
structure but may miss detection of antibodies to HLA in quaternary structure as might be 
detected on an assay like the CDC crossmatch test. Commonly used solid phase assays are 
currently designed to detect IgG antibodies and so an IgM antibody can be missed. Finally, 
the solid phase assays does not distinguish complement fixing from non-complement fixing 
antibodies. Despite these limitations, solid phase assays is the most robust test that is 
currently available to detect donor specific antibodies and have provided a wealth of 
information about a recipient’s sensitization to a donor kidney. 

7.1. Significance of donor specific antibodies 

Due to sensitization from prior transplants, pregnancy, or transfusions, potential transplant 
recipients may have preformed donor specific antibody (DSA) against HLA. Several studies 
have examined the significance of having preformed antibodies and have found an 
association with worse graft survival and increased antibody mediated rejection. In one 
study that investigated DSA in over 400 transplant recipients, those with preformed anti-
HLA DSA had inferior graft survival at 8 years as compared with those with no preformed 
DSA (93% vs. 61%) [27]. Another study investigated pre-transplant DSA in 334 patients and 
found a higher incidence of clinical/subclinical antibody mediated rejection in those with 
DSA (55% vs. 6%) [28]. The strength of the DSA as measured by MFI may also play a role in 
the development of antibody mediated rejection [27]. 

While many studies have found that the presence of pre-transplant anti-HLA DSA is a risk 
factor for inferior graft survival and increased AMR, not all anti-HLA DSA may be pathogenic. 
In one study, 30 out of the 67 patients who had anti-HLA DSA did not have a 
clinical/subclinical antibody mediated rejection [28]. Five-year death censored graft survival 
among this group was similar to the transplant patients without anti-HLA DSA.  Clearly, 
further research is needed to elucidate the characteristics of anti-HLA DSA that are pathogenic. 

Transplant recipients may not have anti HLA-DSA prior to the transplant but can develop 
them after transplantation. Similar to preexisting DSA, de novo anti-HLA DSA has been 
found to be a risk factor for graft failure. In an international cooperative study of transplant 
recipients who did not have anti-HLA antibodies prior to transplant, the one-year allograft 
survival after the detection of antibodies was worse among the post transplant recipients 
with de novo anti-HLA antibodies (9%) than among the post transplant recipients with no 
post transplant anti-HLA antibodies (3%) (P<0.001) [29]. 

7.2. Monitoring and treatment 

Transplantation in the presence of preformed anti-HLA DSA is associated with increased 
risk of antibody mediated rejection and graft failure. Transplant centers have utilized 
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desensitization protocols with agents like intravenous immunoglobulin or rituximab to 
reduce the antibody titers prior to transplant. Acceptable patient and graft survival have 
been reported [30]. Furthermore, transplanting highly sensitized patients after 
desensitization may be beneficial as compared to maintaining them on dialysis. One study 
that evaluated 211 HLA sensitized patients found a survival benefit of a desensitization 
protocol as compared with a matched control on dialysis awaiting a deceased donor 
transplant (81% vs. 31% survival at 8 years, P<0.001, respectively) [31]. It is not clear how 
patients who are sensitized and transplanted following desensitization should be 
monitored. One study found that an increase in DSA by one week after transplant following 
desensitization therapy was significantly associated with antibody mediated rejection [32].  

8. Transplant rejection 

Acute rejection continues to remain a significant problem after transplantation. 
Categorization of rejection is based on the Banff classification schema.  In the early 1960’s, 
hyperacute rejection was described in cadaveric kidney transplantations. Shortly after the 
vascular anastomosis, the allograft became cyanotic. On microscopic examination, the major 
findings included neutrophil and platelet margination in glomerular and peritubular 
capillaries, red blood cell stasis, acute tubular necrosis, and variable degree of cortical necrosis. 
Immunofluorescence studies demonstrated the presence of IgG in peritubular capillaries [33]. 

Many of these hyperacute rejections have largely disappeared following the development of 
the CDC crossmatch test. Currently, acute rejection is classified into two major categories: T 
cell mediated acute rejection (ACR) and acute antibody mediated rejection (AMR) (Table 1). 
The following sections will provide an overview of the evolution of the criteria for both 
major types of acute rejection. 

8.1. Renal transplant biopsy adequacy 

The gold standard for diagnosis of transplant rejection is a renal biopsy. Diagnosis of 
transplant rejection depends on the availability of an adequate specimen for evaluation. In 
1991, the Banff schema defined an allograft biopsy specimen as adequate if it contained 
seven or more glomeruli [34]. Further revisions in 1997 required two cores of tissues, 10 or 
more total glomeruli, and the presence of at least two arteries [35]. The presence of seven 
glomeruli and one artery is the threshold for a minimal sample. The diagnosis of acute 
rejection thus depends on an adequate specimen as defined by the Banff criteria.  

8.2. Acute T cell-mediated rejection 

In the 1980’s and 1990’s it was observed that  interstitial inflammation found in transplant 
kidney biopsies, in many cases, had a negligible effect on graft survival and thus was not 
pathognomonic for acute rejection [34]. Tubilitis, the infiltration of lymphocytes into the 
tubules of kidney, was associated with allograft dysfunction and became the hallmark of 
acute rejection. The Banff 1991 consensus defined acute rejection as the involvement of 
tubilitis (>4 mononuclear cells/tubular cross section) and/or intimal arteritis (the infiltration of 
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It is important to note some limitations with the solid phase assays. The chosen panel of 
HLA in solid phase assay usually represents the most prevalent HLA in the population and 
so can miss some of the less common HLA. The solid phase assay is also more of “in vitro” 
test as the HLA in the ELISA method and fluorescent microsphere method are not expressed 
on cells but are rather synthetically generated and placed on plastic plate or beads, 
respectively. As such, the solid phase assays will be able to detect HLA in secondary 
structure but may miss detection of antibodies to HLA in quaternary structure as might be 
detected on an assay like the CDC crossmatch test. Commonly used solid phase assays are 
currently designed to detect IgG antibodies and so an IgM antibody can be missed. Finally, 
the solid phase assays does not distinguish complement fixing from non-complement fixing 
antibodies. Despite these limitations, solid phase assays is the most robust test that is 
currently available to detect donor specific antibodies and have provided a wealth of 
information about a recipient’s sensitization to a donor kidney. 

7.1. Significance of donor specific antibodies 

Due to sensitization from prior transplants, pregnancy, or transfusions, potential transplant 
recipients may have preformed donor specific antibody (DSA) against HLA. Several studies 
have examined the significance of having preformed antibodies and have found an 
association with worse graft survival and increased antibody mediated rejection. In one 
study that investigated DSA in over 400 transplant recipients, those with preformed anti-
HLA DSA had inferior graft survival at 8 years as compared with those with no preformed 
DSA (93% vs. 61%) [27]. Another study investigated pre-transplant DSA in 334 patients and 
found a higher incidence of clinical/subclinical antibody mediated rejection in those with 
DSA (55% vs. 6%) [28]. The strength of the DSA as measured by MFI may also play a role in 
the development of antibody mediated rejection [27]. 

While many studies have found that the presence of pre-transplant anti-HLA DSA is a risk 
factor for inferior graft survival and increased AMR, not all anti-HLA DSA may be pathogenic. 
In one study, 30 out of the 67 patients who had anti-HLA DSA did not have a 
clinical/subclinical antibody mediated rejection [28]. Five-year death censored graft survival 
among this group was similar to the transplant patients without anti-HLA DSA.  Clearly, 
further research is needed to elucidate the characteristics of anti-HLA DSA that are pathogenic. 

Transplant recipients may not have anti HLA-DSA prior to the transplant but can develop 
them after transplantation. Similar to preexisting DSA, de novo anti-HLA DSA has been 
found to be a risk factor for graft failure. In an international cooperative study of transplant 
recipients who did not have anti-HLA antibodies prior to transplant, the one-year allograft 
survival after the detection of antibodies was worse among the post transplant recipients 
with de novo anti-HLA antibodies (9%) than among the post transplant recipients with no 
post transplant anti-HLA antibodies (3%) (P<0.001) [29]. 

7.2. Monitoring and treatment 

Transplantation in the presence of preformed anti-HLA DSA is associated with increased 
risk of antibody mediated rejection and graft failure. Transplant centers have utilized 
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desensitization protocols with agents like intravenous immunoglobulin or rituximab to 
reduce the antibody titers prior to transplant. Acceptable patient and graft survival have 
been reported [30]. Furthermore, transplanting highly sensitized patients after 
desensitization may be beneficial as compared to maintaining them on dialysis. One study 
that evaluated 211 HLA sensitized patients found a survival benefit of a desensitization 
protocol as compared with a matched control on dialysis awaiting a deceased donor 
transplant (81% vs. 31% survival at 8 years, P<0.001, respectively) [31]. It is not clear how 
patients who are sensitized and transplanted following desensitization should be 
monitored. One study found that an increase in DSA by one week after transplant following 
desensitization therapy was significantly associated with antibody mediated rejection [32].  

8. Transplant rejection 

Acute rejection continues to remain a significant problem after transplantation. 
Categorization of rejection is based on the Banff classification schema.  In the early 1960’s, 
hyperacute rejection was described in cadaveric kidney transplantations. Shortly after the 
vascular anastomosis, the allograft became cyanotic. On microscopic examination, the major 
findings included neutrophil and platelet margination in glomerular and peritubular 
capillaries, red blood cell stasis, acute tubular necrosis, and variable degree of cortical necrosis. 
Immunofluorescence studies demonstrated the presence of IgG in peritubular capillaries [33]. 

Many of these hyperacute rejections have largely disappeared following the development of 
the CDC crossmatch test. Currently, acute rejection is classified into two major categories: T 
cell mediated acute rejection (ACR) and acute antibody mediated rejection (AMR) (Table 1). 
The following sections will provide an overview of the evolution of the criteria for both 
major types of acute rejection. 

8.1. Renal transplant biopsy adequacy 

The gold standard for diagnosis of transplant rejection is a renal biopsy. Diagnosis of 
transplant rejection depends on the availability of an adequate specimen for evaluation. In 
1991, the Banff schema defined an allograft biopsy specimen as adequate if it contained 
seven or more glomeruli [34]. Further revisions in 1997 required two cores of tissues, 10 or 
more total glomeruli, and the presence of at least two arteries [35]. The presence of seven 
glomeruli and one artery is the threshold for a minimal sample. The diagnosis of acute 
rejection thus depends on an adequate specimen as defined by the Banff criteria.  

8.2. Acute T cell-mediated rejection 

In the 1980’s and 1990’s it was observed that  interstitial inflammation found in transplant 
kidney biopsies, in many cases, had a negligible effect on graft survival and thus was not 
pathognomonic for acute rejection [34]. Tubilitis, the infiltration of lymphocytes into the 
tubules of kidney, was associated with allograft dysfunction and became the hallmark of 
acute rejection. The Banff 1991 consensus defined acute rejection as the involvement of 
tubilitis (>4 mononuclear cells/tubular cross section) and/or intimal arteritis (the infiltration of 
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lymphocytes in the arterial wall). Further revisions of the Banff criteria in 1997 provided a 
classification of acute T cell-mediated rejection that is currently used today [35]. Grade 1A 
rejection requires moderate to severe interstitial inflammation (>25% of parenchyma affected) 
(i2 or i3) and foci of moderate tubulitis (>4 mononuclear cells/tubular cross section) (t2). Grade 
1B rejection requires moderate to severe interstitial inflammation (>25% of parenchyma 
affected) (i2 or i3) and severe tubulitis (>10 mononuclear cells/tubular cross section) (t3). Grade 
2A rejection requires intimal arteritis (presence of lymphocytes within the intima) (v1). Grade 
2B rejection requires severe arteritis (involving >25% of luminal area) (v2). Grade 3 rejection 
requires transmural arteritis and/or necrosis of medial smooth muscle cells (v3) (Table 1). 

 
Table 1. Banff Classification of Acute Rejection (adapted from references 35.37.41) 

8.3. Acute antibody mediated rejection  

Feucht et al. reported the presence of complement-split products (C4d) in early biopsies of 
patients with high immunological risk [36]. The Banff 97 classification defined antibody 
mediated rejection as rejection demonstrated to be due, at least in part, to anti-donor 
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antibody. Two forms, immediate and delayed, were recognized. With the description of 
staining for C4d as a marker for antibody mediated rejection, an update to the Banff 97 
classification was reported in 2003 that defined AMR with three characteristics: i) evidence 
of morphological injury in the form of either a) acute tubular necrosis, b) neutrophils and/or 
macrophages in glomeruli or peritubular capillaries or thrombi in glomeruli, or c) intimal 
arteritis/fibrinoid necrosis/intramural inflammation; ii) immunological evidence of antibody 
as either a) presence of C4d in peritubular capillaries or b) immunoglobulins in arterial 
fibrinoid necrosis; and iii) serological evidence of circulating antibodies to donor HLA or 
other endothelial antigens. If 2 out of 3 characteristics are present, the renal biopsy is 
considered suspicious for antibody mediated rejection [35, 37] (Table 1). 

8.4. Borderline changes 

When there is tubulitis and interstitial inflammation but the definition of ACR is not met, 
the biopsy findings are categorized as borderline changes: ‘suspicious’ for acute cellular 
rejection. The criteria for this diagnosis includes: i) no intimal arteritis; ii) mild tubilitis (1 to 
4 mononuclear cells/tubular cross section); iii) at least ‘i1’ inflammation (10-25% of 
parenchyma involved). The significance of borderline biopsies on renal outcomes is not 
clearly defined. One study of 100 kidney allograft biopsies categorized as borderline 
changes found a progressive increase in serum creatinine over time [38]. Nevertheless, 
management of a borderline diagnosis has not been clearly defined. More recently, a study 
that compared 40 borderline changes, 35 T-cell mediated rejection, and 116 nonrejection 
biopsies observed that most cases designated borderline by histopathology were found to be 
nonrejection by molecular phenotyping [39].  

8.5. Other types of acute rejection 

ACR and AMR are not mutually exclusive and frequently coexist. In a study of 87 patients 
with C4d positive AMR as defined by Banff criteria, 32 (37%) had evidence of concurrent 
ACR. The presence of concurrent ACR was an independent risk factor of allograft failure in 
kidney transplant recipients with C4d positive acute AMR [40]. It is important to emphasize 
that Banff criteria are not all-inclusive. Plasma-cell rich acute rejection is an entity where the 
interstitial inflammation and tubulitis are predominantly composed of plasma cells in 
addition to lymphocytes. Allergic interstitial nephritis closely resembles ACR and are all not 
always associated with eosinophil infiltrates. Thus, morphologically, it may be also be 
useful to categorize acute rejection as (i) interstitial rejection characterized predominantly by 
interstitial inflammation and tubulitis, (ii) vascular rejection characterized predominantly by 
intimal arteritis and (iii) capillary rejection characterized predominantly by glomerulitis and 
peritubular capillary inflammation usually in the presence of circulating DSA.  

8.6. Chronic rejection 

The Banff classification also defined three forms of chronic rejection: (i) chronic active T cell-
mediated rejection characterized by arterial intimal fibrosis with mononuclear cell 
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lymphocytes in the arterial wall). Further revisions of the Banff criteria in 1997 provided a 
classification of acute T cell-mediated rejection that is currently used today [35]. Grade 1A 
rejection requires moderate to severe interstitial inflammation (>25% of parenchyma affected) 
(i2 or i3) and foci of moderate tubulitis (>4 mononuclear cells/tubular cross section) (t2). Grade 
1B rejection requires moderate to severe interstitial inflammation (>25% of parenchyma 
affected) (i2 or i3) and severe tubulitis (>10 mononuclear cells/tubular cross section) (t3). Grade 
2A rejection requires intimal arteritis (presence of lymphocytes within the intima) (v1). Grade 
2B rejection requires severe arteritis (involving >25% of luminal area) (v2). Grade 3 rejection 
requires transmural arteritis and/or necrosis of medial smooth muscle cells (v3) (Table 1). 

 
Table 1. Banff Classification of Acute Rejection (adapted from references 35.37.41) 

8.3. Acute antibody mediated rejection  

Feucht et al. reported the presence of complement-split products (C4d) in early biopsies of 
patients with high immunological risk [36]. The Banff 97 classification defined antibody 
mediated rejection as rejection demonstrated to be due, at least in part, to anti-donor 
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antibody. Two forms, immediate and delayed, were recognized. With the description of 
staining for C4d as a marker for antibody mediated rejection, an update to the Banff 97 
classification was reported in 2003 that defined AMR with three characteristics: i) evidence 
of morphological injury in the form of either a) acute tubular necrosis, b) neutrophils and/or 
macrophages in glomeruli or peritubular capillaries or thrombi in glomeruli, or c) intimal 
arteritis/fibrinoid necrosis/intramural inflammation; ii) immunological evidence of antibody 
as either a) presence of C4d in peritubular capillaries or b) immunoglobulins in arterial 
fibrinoid necrosis; and iii) serological evidence of circulating antibodies to donor HLA or 
other endothelial antigens. If 2 out of 3 characteristics are present, the renal biopsy is 
considered suspicious for antibody mediated rejection [35, 37] (Table 1). 

8.4. Borderline changes 

When there is tubulitis and interstitial inflammation but the definition of ACR is not met, 
the biopsy findings are categorized as borderline changes: ‘suspicious’ for acute cellular 
rejection. The criteria for this diagnosis includes: i) no intimal arteritis; ii) mild tubilitis (1 to 
4 mononuclear cells/tubular cross section); iii) at least ‘i1’ inflammation (10-25% of 
parenchyma involved). The significance of borderline biopsies on renal outcomes is not 
clearly defined. One study of 100 kidney allograft biopsies categorized as borderline 
changes found a progressive increase in serum creatinine over time [38]. Nevertheless, 
management of a borderline diagnosis has not been clearly defined. More recently, a study 
that compared 40 borderline changes, 35 T-cell mediated rejection, and 116 nonrejection 
biopsies observed that most cases designated borderline by histopathology were found to be 
nonrejection by molecular phenotyping [39].  

8.5. Other types of acute rejection 

ACR and AMR are not mutually exclusive and frequently coexist. In a study of 87 patients 
with C4d positive AMR as defined by Banff criteria, 32 (37%) had evidence of concurrent 
ACR. The presence of concurrent ACR was an independent risk factor of allograft failure in 
kidney transplant recipients with C4d positive acute AMR [40]. It is important to emphasize 
that Banff criteria are not all-inclusive. Plasma-cell rich acute rejection is an entity where the 
interstitial inflammation and tubulitis are predominantly composed of plasma cells in 
addition to lymphocytes. Allergic interstitial nephritis closely resembles ACR and are all not 
always associated with eosinophil infiltrates. Thus, morphologically, it may be also be 
useful to categorize acute rejection as (i) interstitial rejection characterized predominantly by 
interstitial inflammation and tubulitis, (ii) vascular rejection characterized predominantly by 
intimal arteritis and (iii) capillary rejection characterized predominantly by glomerulitis and 
peritubular capillary inflammation usually in the presence of circulating DSA.  

8.6. Chronic rejection 

The Banff classification also defined three forms of chronic rejection: (i) chronic active T cell-
mediated rejection characterized by arterial intimal fibrosis with mononuclear cell 
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infiltration in fibrosis and  formation of neo-intima, and (ii) chronic active antibody-
mediated rejection characterized by C4d+, presence of circulating antidonor antibodies, and 
morphologic evidence of chronic tissue injury, such as glomerular double contours and/or 
peritubular capillary basement membrane multilayering and/or interstitial fibrosis/tubular 
atrophy and/or fibrous intimal thickening in arteries, and (iii) interstitial fibrosis and tubular 
atrophy without evidence of any specific etiology that may also include nonspecific vascular 
and glomerular sclerosis [41]. Morphological evidence of chronic active antibody mediated 
tissue injury but with negative C4d is being increasingly recognized.  

9. Non-invasive molecular techniques for assessing acute rejection 

The platforms for molecular based biomarker discovery and validation are: (i) Real-time 
polymerase chain reaction (RT-PCR), Microarray and RNA sequencing (detection of 
expression of single or multiple genes), (ii) Elisa and protein microarray (detection of single 
or multiple proteins), (iii) ELISPOT (detection of cytokine producing cells), (iv) Immuknow 
(detection of adenosine triphosphate [ATP] levels in activated T-lymphocytes), and (v) 
Luminex® (detection of cytokines or alloantibodies) [42]. 

Urinary cell and peripheral blood cell messenger RNA (mRNA) profiling of transplant 
recipients has been studied extensively as a tool for the noninvasive diagnosis and 
prognosis of kidney transplant rejection. This technique involves quantification of mRNA 
levels of mechanistically informative genes using RT-PCR assay from urinary cells or 
peripheral blood cells of kidney transplant recipients. As an example, measurement of 
granzyme B and perforin (m) mRNA activity in urinary cells has been reported to be a 
sensitive and specific marker for the detection of acute cellular rejection [43].  In a study of 
83 kidney transplant recipients; 36 with acute rejection, 18 with chronic allograft 
nephropathy, and 29 with normal biopsy results, urinary cell mRNA levels of regulatory T-
lymphocyte marker, FoxP3, quantified at the time of biopsy diagnosis predicted reversal of 
acute rejection with 90 percent sensitivity and 73 percent specificity. Urinary cell mRNA 
levels of FoxP3 also identified subjects at risk for graft failure within six months after the 
incident episode of acute rejection. Urinary cell mRNA levels of CD3 (marker of T 
lymphocytes), CD25 (marker of activated T-lymphocytes), and perforin did not predict 
rejection reversal or graft failure [44]. Recently, a large multi-center trial sponsored by the 
National Institutes of Health trial validated the utility of urinary cell mRNA levels in the 
diagnosis of ACR [45]. The role of urinary cell mRNA level as a noninvasive tool is not 
limited to the diagnosis of acute rejection. A recent study identified a urinary cell mRNA 
signature for the diagnosis of fibrosis in human kidney allografts [46]. 

The Cylex Immuknow assay is an FDA approved blood test for the detection of cell 
mediated immune response in populations undergoing immunosuppressive therapy for 
organ transplants. The test quantifies the amount of ATP produced by lymphocytes of the 
transplant recipient upon activation. Based on the ATP levels there are two cut-off values: 
≤225 ng/ml represents a low immune cell response and ≥525 ng/ml represents a strong 
immune cell response. In between values represent moderate immune cell response. Some 
studies have found a relation between the Cylex Immuknow assay and acute rejection [47]. 
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However, more recently, a study that evaluated 1330 ImmuKnow assay values in 583 renal 
transplant recipients at a single center from 2004 to 2009 failed to show an association 
between single time point ImmuKnow assay values and the subsequent development of an 
adverse event (acute rejection or opportunistic infections) in the subsequent 90 days [48].  

In a recent study of 64 kidney transplant recipients with graft dysfunction, a panel of 21 
cytokines secreted by peripheral blood mononuclear cells was assayed using the Luminex® 
platform. In the initial training cohort of 32 patients, IL-6 was the best predictor of acute 
rejection. In the validation cohort of 32 patients, IL-6 predicted acute rejection, using a 
training set derived cut-point, with 92% sensitivity and 63% specificity [49].  

Rapid advancements in our understanding of the role of microRNAs in transplantation [50] 
and in molecular techniques such as RNA sequencing have opened up new avenues for 
biomarker discovery and has resulted in better insight on the mechanistic basis of allograft 
dysfunction. In the future, we anticipate personalized management of transplant recipients 
with a combination of traditional pathology and the ‘omics’ based approach (genomics, 
proteomics, and metabolomics). 
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infiltration in fibrosis and  formation of neo-intima, and (ii) chronic active antibody-
mediated rejection characterized by C4d+, presence of circulating antidonor antibodies, and 
morphologic evidence of chronic tissue injury, such as glomerular double contours and/or 
peritubular capillary basement membrane multilayering and/or interstitial fibrosis/tubular 
atrophy and/or fibrous intimal thickening in arteries, and (iii) interstitial fibrosis and tubular 
atrophy without evidence of any specific etiology that may also include nonspecific vascular 
and glomerular sclerosis [41]. Morphological evidence of chronic active antibody mediated 
tissue injury but with negative C4d is being increasingly recognized.  

9. Non-invasive molecular techniques for assessing acute rejection 

The platforms for molecular based biomarker discovery and validation are: (i) Real-time 
polymerase chain reaction (RT-PCR), Microarray and RNA sequencing (detection of 
expression of single or multiple genes), (ii) Elisa and protein microarray (detection of single 
or multiple proteins), (iii) ELISPOT (detection of cytokine producing cells), (iv) Immuknow 
(detection of adenosine triphosphate [ATP] levels in activated T-lymphocytes), and (v) 
Luminex® (detection of cytokines or alloantibodies) [42]. 

Urinary cell and peripheral blood cell messenger RNA (mRNA) profiling of transplant 
recipients has been studied extensively as a tool for the noninvasive diagnosis and 
prognosis of kidney transplant rejection. This technique involves quantification of mRNA 
levels of mechanistically informative genes using RT-PCR assay from urinary cells or 
peripheral blood cells of kidney transplant recipients. As an example, measurement of 
granzyme B and perforin (m) mRNA activity in urinary cells has been reported to be a 
sensitive and specific marker for the detection of acute cellular rejection [43].  In a study of 
83 kidney transplant recipients; 36 with acute rejection, 18 with chronic allograft 
nephropathy, and 29 with normal biopsy results, urinary cell mRNA levels of regulatory T-
lymphocyte marker, FoxP3, quantified at the time of biopsy diagnosis predicted reversal of 
acute rejection with 90 percent sensitivity and 73 percent specificity. Urinary cell mRNA 
levels of FoxP3 also identified subjects at risk for graft failure within six months after the 
incident episode of acute rejection. Urinary cell mRNA levels of CD3 (marker of T 
lymphocytes), CD25 (marker of activated T-lymphocytes), and perforin did not predict 
rejection reversal or graft failure [44]. Recently, a large multi-center trial sponsored by the 
National Institutes of Health trial validated the utility of urinary cell mRNA levels in the 
diagnosis of ACR [45]. The role of urinary cell mRNA level as a noninvasive tool is not 
limited to the diagnosis of acute rejection. A recent study identified a urinary cell mRNA 
signature for the diagnosis of fibrosis in human kidney allografts [46]. 

The Cylex Immuknow assay is an FDA approved blood test for the detection of cell 
mediated immune response in populations undergoing immunosuppressive therapy for 
organ transplants. The test quantifies the amount of ATP produced by lymphocytes of the 
transplant recipient upon activation. Based on the ATP levels there are two cut-off values: 
≤225 ng/ml represents a low immune cell response and ≥525 ng/ml represents a strong 
immune cell response. In between values represent moderate immune cell response. Some 
studies have found a relation between the Cylex Immuknow assay and acute rejection [47]. 
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However, more recently, a study that evaluated 1330 ImmuKnow assay values in 583 renal 
transplant recipients at a single center from 2004 to 2009 failed to show an association 
between single time point ImmuKnow assay values and the subsequent development of an 
adverse event (acute rejection or opportunistic infections) in the subsequent 90 days [48].  

In a recent study of 64 kidney transplant recipients with graft dysfunction, a panel of 21 
cytokines secreted by peripheral blood mononuclear cells was assayed using the Luminex® 
platform. In the initial training cohort of 32 patients, IL-6 was the best predictor of acute 
rejection. In the validation cohort of 32 patients, IL-6 predicted acute rejection, using a 
training set derived cut-point, with 92% sensitivity and 63% specificity [49].  

Rapid advancements in our understanding of the role of microRNAs in transplantation [50] 
and in molecular techniques such as RNA sequencing have opened up new avenues for 
biomarker discovery and has resulted in better insight on the mechanistic basis of allograft 
dysfunction. In the future, we anticipate personalized management of transplant recipients 
with a combination of traditional pathology and the ‘omics’ based approach (genomics, 
proteomics, and metabolomics). 
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1. Introduction 

Currently there are over 90,000 patients awaiting a kidney transplant in the United States. 
Despite the large number of wait-listed patients, just over 16,000 were transplanted in 2009 
[1]. Mean waiting times for transplantation can range from 2 years to over 5 years 
depending on a variety of factors including blood type, sensitization status and deceased 
donor availability in the region. Despite the availability of a willing living donor, a patient 
may be forced to remain on the deceased donor waiting list because of ABO incompatibility 
(ABOi) and/or the presence of a positive crossmatch due to donor specific anti-HLA 
antibodies. Those with blood O and B tend to have the longest wait times (median waiting 
time for O:1852 days; A:1208 days; B:1937 days; AB: 855 days) and may also have difficulty 
finding a compatible living donor [2]. Sensitized patients are those with high levels of anti-
HLA (Human Leukocyte Antigen) antibodies in their blood. These antibodies form as a 
result of exposure to foreign HLA during pregnancy, transfusions and exposure to previous 
organ transplants. Approximately 16% of patients on the waiting list are re-transplants. 
Patients who are sensitized (Panel Reactive Antibody, PRA 10% or greater) make up roughly 
25% of the current waiting list, 16% of which have a PRA >80% [1]. In some cases, a highly 
sensitized patient can wait up to 10 years before being transplanted. These wait times a 
negative impact on patients as the morbidity and mortality of dialysis patients are higher 
compared to kidney transplant recipients[3]. In 2010 over 5,000 patients died while waiting to 
receive a kidney transplant [1]. Given the increased mortality associated with dialysis, renal 
transplantation remains the preferred treatment for patients with end stage renal disease [4]. 

Historically, ABO compatibility has been a requirement for renal transplantation due to 
high rates of rejection seen in ABO incompatible transplants. In blood group compatible 
transplants, a negative T cell CDC (complement dependent cytotoxicity) crossmatch with a 
donor is required for kidney transplantation. It is not only difficult to find a compatible 
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1. Introduction 

Currently there are over 90,000 patients awaiting a kidney transplant in the United States. 
Despite the large number of wait-listed patients, just over 16,000 were transplanted in 2009 
[1]. Mean waiting times for transplantation can range from 2 years to over 5 years 
depending on a variety of factors including blood type, sensitization status and deceased 
donor availability in the region. Despite the availability of a willing living donor, a patient 
may be forced to remain on the deceased donor waiting list because of ABO incompatibility 
(ABOi) and/or the presence of a positive crossmatch due to donor specific anti-HLA 
antibodies. Those with blood O and B tend to have the longest wait times (median waiting 
time for O:1852 days; A:1208 days; B:1937 days; AB: 855 days) and may also have difficulty 
finding a compatible living donor [2]. Sensitized patients are those with high levels of anti-
HLA (Human Leukocyte Antigen) antibodies in their blood. These antibodies form as a 
result of exposure to foreign HLA during pregnancy, transfusions and exposure to previous 
organ transplants. Approximately 16% of patients on the waiting list are re-transplants. 
Patients who are sensitized (Panel Reactive Antibody, PRA 10% or greater) make up roughly 
25% of the current waiting list, 16% of which have a PRA >80% [1]. In some cases, a highly 
sensitized patient can wait up to 10 years before being transplanted. These wait times a 
negative impact on patients as the morbidity and mortality of dialysis patients are higher 
compared to kidney transplant recipients[3]. In 2010 over 5,000 patients died while waiting to 
receive a kidney transplant [1]. Given the increased mortality associated with dialysis, renal 
transplantation remains the preferred treatment for patients with end stage renal disease [4]. 

Historically, ABO compatibility has been a requirement for renal transplantation due to 
high rates of rejection seen in ABO incompatible transplants. In blood group compatible 
transplants, a negative T cell CDC (complement dependent cytotoxicity) crossmatch with a 
donor is required for kidney transplantation. It is not only difficult to find a compatible 
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donor for the highly sensitized patients, but also difficult to achieve good long-term graft 
survival due to higher rates of acute and chronic rejection. In the last two decades, 
technology for assessment of histocompatibility barriers (ABO and anti-HLA antibodies) 
have advanced significantly. These new assays (advanced flow cytometry crossmatches, 
ELISA crossmatches, solid phase anti-HLA antibody assays) have improved our ability to 
determine the risk of acute rejection in the presence of these types of histocompatibility 
barriers. Complementary to these innovations, there have been great advancements in 
therapeutic options to remove and decrease production of anti-AB and anti-HLA antibodies 
for treatment of acute and chronic antibody mediated rejection and for reducing the risk of 
acute rejection episodes by providing treatments to modulate the immune response prior to 
transplantation. In this section, we will review the data on kidney transplantation in the ABO 
incompatible and crossmatch incompatible recipient-donor pairs.  

2. Current therapies used for preparing patients for transplantation using 
donors with ABO and crossmatch incompatibility 

In order to effectively reduce the immune response, a multi-faceted approach must be used 
for removal of antibodies prior to proceeding with an ABO or crossmatch incompatible 
transplant. For crossmatch incompatible patients, treatment protocols have been referred to 
as “desensitization” protocols. We will refer to these protocols as immunomodulatory or 
pre-transplant conditioning protocols since one is not actually changing the “sensitized” 
status of the patient. Figure 1 provides the basic mechanisms that are addressed to modulate 
the immune system of a potential recipient of an ABO or crossmatch incompatible organ. 
Splenectomy and cytotoxic therapies such as rituximab and bortezomib decrease the size of 
B and plasma cell clones. Physical removal of circulating antibodies is accomplished by 
procedures such as plasmapheresis or double filtration or immunoadsorption. Other 
additional immunosuppressive medications as well as IVIG via Fc receptor signaling impair 
the ability of cells to make antibodies. IVIG may also directly inhibit the function of 
circulating antibodies. A brief overview of the mechanisms is provided below and an in-
depth review of immunosuppressive medications used in kidney transplantation is 
provided in Chapter 9. 

2.1. Plasmapheresis (PP) and Immunoadsorption (IA) 

Physical removal of antibodies can be accomplished by several different procedures such as 
conventional plasmapheresis, double-filtration plasmapheresis, semi-selective and antigen-
specific immunoadsorption. Treatment with these procedures leads to serial reduction in 
antibody titer. However, without additional therapies to prevent production of these 
antibodies, the antibody titers rebound and return to baseline values once the treatments 
have stopped.  

Plasmapheresis is the most commonly used method in the United States. It is a procedure in 
which the blood passes through a medical device that separates plasma from cellular 
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components of blood allowing for physical removal of plasma prior to returning the blood 
back to the patient.  Patient's plasma volume that is removed is replaced with a replacement 
solution such as colloid solution (e.g. albumin and/or plasma) or a combination of 
crystalloid/colloid solution [5]. In Japan, double filtration plasmapheresis has been used. In 
this procedure, plasma is removed as for plasmapheresis and then passed through a second 
lter (plasma separator), whose smaller pore size traps only larger molecules like 
immunoglobulins. Thus, lower molecular weight plasma components can be passed back 
into the patient and less replacement fluid is needed. Although these procedures are not 
100% efficient, sequential therapies allow for treatment of higher plasma volumes and 
greater reduction in antibody titers. These procedures are very effective for removal of 
antibodies against A and B blood group antigens and are associated with approximately 
20% reduction in titer with each treatment. Common adverse reactions include 
hypocalcemia and pruritis seen in 5% of all patients [6]. 

 
Figure 1. Immune Modulation of ABO or Crossmatch Incompatible Recipients 

Immunoadsorption is a procedure in which plasma of the patient, after separation from 
blood, passes thru a column containing an active component that binds or removes 
immunoglobulins specifically [5]. A newer column for Immunoadsorption was created by 
Glycorex Transplantation AB (Lund, Sweden). This Glycosorb® ABO column has a matrix 
of sepharose beads coated with blood group A or B carbohydrate antigens that removes 
isohemagglutinins against the corresponding blood group. The Glycosorb® columns 
effectively remove anti-A or anti-B antibodies with approximately a 30% reduction in A/B 



 
Current Concepts in Kidney Transplantation 118 

donor for the highly sensitized patients, but also difficult to achieve good long-term graft 
survival due to higher rates of acute and chronic rejection. In the last two decades, 
technology for assessment of histocompatibility barriers (ABO and anti-HLA antibodies) 
have advanced significantly. These new assays (advanced flow cytometry crossmatches, 
ELISA crossmatches, solid phase anti-HLA antibody assays) have improved our ability to 
determine the risk of acute rejection in the presence of these types of histocompatibility 
barriers. Complementary to these innovations, there have been great advancements in 
therapeutic options to remove and decrease production of anti-AB and anti-HLA antibodies 
for treatment of acute and chronic antibody mediated rejection and for reducing the risk of 
acute rejection episodes by providing treatments to modulate the immune response prior to 
transplantation. In this section, we will review the data on kidney transplantation in the ABO 
incompatible and crossmatch incompatible recipient-donor pairs.  

2. Current therapies used for preparing patients for transplantation using 
donors with ABO and crossmatch incompatibility 

In order to effectively reduce the immune response, a multi-faceted approach must be used 
for removal of antibodies prior to proceeding with an ABO or crossmatch incompatible 
transplant. For crossmatch incompatible patients, treatment protocols have been referred to 
as “desensitization” protocols. We will refer to these protocols as immunomodulatory or 
pre-transplant conditioning protocols since one is not actually changing the “sensitized” 
status of the patient. Figure 1 provides the basic mechanisms that are addressed to modulate 
the immune system of a potential recipient of an ABO or crossmatch incompatible organ. 
Splenectomy and cytotoxic therapies such as rituximab and bortezomib decrease the size of 
B and plasma cell clones. Physical removal of circulating antibodies is accomplished by 
procedures such as plasmapheresis or double filtration or immunoadsorption. Other 
additional immunosuppressive medications as well as IVIG via Fc receptor signaling impair 
the ability of cells to make antibodies. IVIG may also directly inhibit the function of 
circulating antibodies. A brief overview of the mechanisms is provided below and an in-
depth review of immunosuppressive medications used in kidney transplantation is 
provided in Chapter 9. 

2.1. Plasmapheresis (PP) and Immunoadsorption (IA) 

Physical removal of antibodies can be accomplished by several different procedures such as 
conventional plasmapheresis, double-filtration plasmapheresis, semi-selective and antigen-
specific immunoadsorption. Treatment with these procedures leads to serial reduction in 
antibody titer. However, without additional therapies to prevent production of these 
antibodies, the antibody titers rebound and return to baseline values once the treatments 
have stopped.  

Plasmapheresis is the most commonly used method in the United States. It is a procedure in 
which the blood passes through a medical device that separates plasma from cellular 
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components of blood allowing for physical removal of plasma prior to returning the blood 
back to the patient.  Patient's plasma volume that is removed is replaced with a replacement 
solution such as colloid solution (e.g. albumin and/or plasma) or a combination of 
crystalloid/colloid solution [5]. In Japan, double filtration plasmapheresis has been used. In 
this procedure, plasma is removed as for plasmapheresis and then passed through a second 
lter (plasma separator), whose smaller pore size traps only larger molecules like 
immunoglobulins. Thus, lower molecular weight plasma components can be passed back 
into the patient and less replacement fluid is needed. Although these procedures are not 
100% efficient, sequential therapies allow for treatment of higher plasma volumes and 
greater reduction in antibody titers. These procedures are very effective for removal of 
antibodies against A and B blood group antigens and are associated with approximately 
20% reduction in titer with each treatment. Common adverse reactions include 
hypocalcemia and pruritis seen in 5% of all patients [6]. 

 
Figure 1. Immune Modulation of ABO or Crossmatch Incompatible Recipients 

Immunoadsorption is a procedure in which plasma of the patient, after separation from 
blood, passes thru a column containing an active component that binds or removes 
immunoglobulins specifically [5]. A newer column for Immunoadsorption was created by 
Glycorex Transplantation AB (Lund, Sweden). This Glycosorb® ABO column has a matrix 
of sepharose beads coated with blood group A or B carbohydrate antigens that removes 
isohemagglutinins against the corresponding blood group. The Glycosorb® columns 
effectively remove anti-A or anti-B antibodies with approximately a 30% reduction in A/B 
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IgM and approximately a 20% A/B IgG levels after a single treatment. Importantly, titers of 
other antibodies, particularly those against Pneumococcus, Hemophilus, Diphtheria and 
tetanus seem largely unchanged [2, 7].  

2.2. Splenectomy 

Since the 1980s, splenectomy was performed in all successful ABOi kidney transplants to 
reduce the risk of rejection. The benefit for splenectomy was based on a small case series 
demonstrating a reversal of AMR (antibody mediated rejection) with splenectomy [8]. Since 
then, splenectomy had been a part of immunosuppressive regimen in most of the ABOi 
protocols and some early crossmatch incompatible protocols. The rationale was to 
physically remove the source of antibody producing cells and thus prevent rebound in 
antibody titer after plasmapheresis. In the past few years with the availability of new drugs 
such as rituximab, splenectomy is no longer a requirement for transplantation with 
incompatible donors.  

2.3. Anti-CD20 antibody as surrogate for splenectomy 

Rituximab, a monoclonal anti-CD20 antibody, was initially used for the treatment for Non 
Hodgkins lymphoma in 1997. Since then, it has been used in patients with immune complex 
mediated renal diseases and in kidney transplant recipients for treatment of rejection. It is a 
chimeric monoclonal antibody with human constant region and murine variable region that 
targets human CD20 molecule. CD20 is expressed on naive and mature activated B cells as 
well as some memory B cells. B cell depletion occurs via antibody dependent cytotoxicity 
and can be rapid, over 3-4 days and sustained, lasing for almost up to a year [9].  

Tyden et al. [10] were first to demonstrate successful ABOi kidney transplantation in 4 
patients with the use of single dose rituximab (375mg/m2) in lieu of splenectomy. Since then, 
rituximab has been included in many immunosuppressive protocols for facilitating 
incompatible transplantation. The optimal dose of rituximab remains unknown. Toki [9] et 
al. studied the effect of B cell depletion with increasing doses of rituximab (10, 15, 35, 150, 
300 mg/m2) in 5 patients. All but one dosage of rituximab (10 mg/m2) was able to completely 
eliminate B cells from circulation in 30 days. However, depletion of circulating B cells may not 
correlate with depletion of B cells within the lymph nodes and/or spleen. 

2.4. Proteasome inhibition to target plasma cells 

Plasma cells produce antibodies within one week after antigen exposure in large volumes- 
approximately several thousand antibodies per second. The excess protein synthesis leads to 
increased number of misfolded protein accumulating in the endoplasmic reticulum and 
these proteins are naturally degraded by proteasomes. Degradation of these proteins via the 
ubiquitin-proteasome dependent pathways is important for maintaining cellular 
homeostasis. Bortezomib, the first drug of its kind, inhibits ubiquitin-proteasome pathway 
by binding to the 26S proteasome and promotes G2-M cell cycle arrest and cell apoptosis. 
Because of the potential for reducing antibody producing plasma cells, bortezomib has been 
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utilized with increased frequency for treatment of antibody mediated rejection and is being 
studied in conditioning regimens for recipients with incompatible donors [11, 12]. 

2.5. Intravenous immunoglobulin (IVIG) 

IVIG is a commercial preparation of immune globulin which predominantly consists of 
intact IgG molecules and trace IgA obtained from pooled plasma from approximately 3000 
to 10,000 healthy blood donors. These natural antibodies that are formed in the absence of 
immunization or foreign antigen exposure are thought to be essential in immunoregulatory 
effects. IVIG exerts its effect on immune systems through multiple mechanisms which 
include neutralization of circulating anti-HLA antibodies through anti-idiotypic antibodies, 
inhibition of complement activation, enhancing clearance of anti-HLA antibodies, negative 
signaling through Fcγ receptors, and selective down-regulation of antibody production. 
Two commonly used preparations are the pooled IVIG and the cytomegalovirus 
hyperimmune globulin (CMVIG). In the early 1990s there were both in vitro and in vivo 
studies that demonstrated high doses of IVIG could decrease PRA and increase rates of 
transplantation in highly sensitized individuals. IVIG is commonly administered following 
plasmapheresis to treat antibody mediated rejection and has been used in 
immunomodulatory therapies for ABOi and crossmatch incompatible transplants [13]. 

2.6. Other immunosuppressive therapies 

Concurrent with these therapies, many protocols designed to precondition patients for 
incompatible transplants utilize standard maintenance immunosuppressive medications 
such as tacrolimus, mycophenolate mofetil and prednisone. The intention is to suppress the 
immune system and impair the ability of the immune cells to make more antibodies. 

3. Renal transplantation with ABO incompatible donors  

3.1. Patient assessment: ABO blood grouping 

Blood group of an individual is defined by cell surface molecules that are present on all 
nucleated cells and platelets. Of the 30 blood group systems, the major blood group system 
is the ABO system, discovered by Karl Landsteiner in 1901. The blood group antigens 
consist of carbohydrates moieties attached to a glycosphingolipid and glycoprotein 
backbone. The major blood groups are A, B, AB and O and are defined by the type of 
molecules that are present on cell surface (A or B). Individuals develop naturally acquired 
antibodies against the molecules that are not present on their own cells. The antigenic 
stimulus for the development of these naturally occurring antibodies is believed to come 
from exposure to gut bacteria that express similar antigens.  

These naturally occurring antibodies against A/B antigens are termed isohemagglutinins 
because of their ability to agglutinate cells (RBCs) that express the target molecules. This 
ability to cause agglutination in vivo results in acute thrombosis and inflammation when a 
recipient receives an ABO incompatible organ without any therapy to modulate the immune 
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IgM and approximately a 20% A/B IgG levels after a single treatment. Importantly, titers of 
other antibodies, particularly those against Pneumococcus, Hemophilus, Diphtheria and 
tetanus seem largely unchanged [2, 7].  

2.2. Splenectomy 

Since the 1980s, splenectomy was performed in all successful ABOi kidney transplants to 
reduce the risk of rejection. The benefit for splenectomy was based on a small case series 
demonstrating a reversal of AMR (antibody mediated rejection) with splenectomy [8]. Since 
then, splenectomy had been a part of immunosuppressive regimen in most of the ABOi 
protocols and some early crossmatch incompatible protocols. The rationale was to 
physically remove the source of antibody producing cells and thus prevent rebound in 
antibody titer after plasmapheresis. In the past few years with the availability of new drugs 
such as rituximab, splenectomy is no longer a requirement for transplantation with 
incompatible donors.  

2.3. Anti-CD20 antibody as surrogate for splenectomy 

Rituximab, a monoclonal anti-CD20 antibody, was initially used for the treatment for Non 
Hodgkins lymphoma in 1997. Since then, it has been used in patients with immune complex 
mediated renal diseases and in kidney transplant recipients for treatment of rejection. It is a 
chimeric monoclonal antibody with human constant region and murine variable region that 
targets human CD20 molecule. CD20 is expressed on naive and mature activated B cells as 
well as some memory B cells. B cell depletion occurs via antibody dependent cytotoxicity 
and can be rapid, over 3-4 days and sustained, lasing for almost up to a year [9].  

Tyden et al. [10] were first to demonstrate successful ABOi kidney transplantation in 4 
patients with the use of single dose rituximab (375mg/m2) in lieu of splenectomy. Since then, 
rituximab has been included in many immunosuppressive protocols for facilitating 
incompatible transplantation. The optimal dose of rituximab remains unknown. Toki [9] et 
al. studied the effect of B cell depletion with increasing doses of rituximab (10, 15, 35, 150, 
300 mg/m2) in 5 patients. All but one dosage of rituximab (10 mg/m2) was able to completely 
eliminate B cells from circulation in 30 days. However, depletion of circulating B cells may not 
correlate with depletion of B cells within the lymph nodes and/or spleen. 

2.4. Proteasome inhibition to target plasma cells 

Plasma cells produce antibodies within one week after antigen exposure in large volumes- 
approximately several thousand antibodies per second. The excess protein synthesis leads to 
increased number of misfolded protein accumulating in the endoplasmic reticulum and 
these proteins are naturally degraded by proteasomes. Degradation of these proteins via the 
ubiquitin-proteasome dependent pathways is important for maintaining cellular 
homeostasis. Bortezomib, the first drug of its kind, inhibits ubiquitin-proteasome pathway 
by binding to the 26S proteasome and promotes G2-M cell cycle arrest and cell apoptosis. 
Because of the potential for reducing antibody producing plasma cells, bortezomib has been 
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utilized with increased frequency for treatment of antibody mediated rejection and is being 
studied in conditioning regimens for recipients with incompatible donors [11, 12]. 

2.5. Intravenous immunoglobulin (IVIG) 

IVIG is a commercial preparation of immune globulin which predominantly consists of 
intact IgG molecules and trace IgA obtained from pooled plasma from approximately 3000 
to 10,000 healthy blood donors. These natural antibodies that are formed in the absence of 
immunization or foreign antigen exposure are thought to be essential in immunoregulatory 
effects. IVIG exerts its effect on immune systems through multiple mechanisms which 
include neutralization of circulating anti-HLA antibodies through anti-idiotypic antibodies, 
inhibition of complement activation, enhancing clearance of anti-HLA antibodies, negative 
signaling through Fcγ receptors, and selective down-regulation of antibody production. 
Two commonly used preparations are the pooled IVIG and the cytomegalovirus 
hyperimmune globulin (CMVIG). In the early 1990s there were both in vitro and in vivo 
studies that demonstrated high doses of IVIG could decrease PRA and increase rates of 
transplantation in highly sensitized individuals. IVIG is commonly administered following 
plasmapheresis to treat antibody mediated rejection and has been used in 
immunomodulatory therapies for ABOi and crossmatch incompatible transplants [13]. 

2.6. Other immunosuppressive therapies 

Concurrent with these therapies, many protocols designed to precondition patients for 
incompatible transplants utilize standard maintenance immunosuppressive medications 
such as tacrolimus, mycophenolate mofetil and prednisone. The intention is to suppress the 
immune system and impair the ability of the immune cells to make more antibodies. 

3. Renal transplantation with ABO incompatible donors  

3.1. Patient assessment: ABO blood grouping 

Blood group of an individual is defined by cell surface molecules that are present on all 
nucleated cells and platelets. Of the 30 blood group systems, the major blood group system 
is the ABO system, discovered by Karl Landsteiner in 1901. The blood group antigens 
consist of carbohydrates moieties attached to a glycosphingolipid and glycoprotein 
backbone. The major blood groups are A, B, AB and O and are defined by the type of 
molecules that are present on cell surface (A or B). Individuals develop naturally acquired 
antibodies against the molecules that are not present on their own cells. The antigenic 
stimulus for the development of these naturally occurring antibodies is believed to come 
from exposure to gut bacteria that express similar antigens.  

These naturally occurring antibodies against A/B antigens are termed isohemagglutinins 
because of their ability to agglutinate cells (RBCs) that express the target molecules. This 
ability to cause agglutination in vivo results in acute thrombosis and inflammation when a 
recipient receives an ABO incompatible organ without any therapy to modulate the immune 
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response and reduce the number of circulating antibodies directed against the ABO group [14, 
15]. In organ transplantation, ABO compatibility is the first step in determining the suitability 
of a donor for a particular recipient. Group A individuals express the A antigen on cell surface 
and produce antibodies against the non-expressed B antigen (anti B antibodies). Group B 
individuals express the B antigen on cell surface and produce anti A antibodies. Group AB 
individuals express both A and B antigens on cell surface and therefore do not produce either 
anti-A or anti-B antibodies. They are referred to as the “universal recipients” and can receive 
an organ from any individual. Individuals with blood group O express neither A or B antigen 
on cell surface and therefore produce antibodies against both A and B antigens. Given the lack 
of cell surface expression of A and B antigens, these individuals are considered “universal 
donors.” However because they express antibodies against both A and B antigens, they can 
only receive a donor from blood group O individuals.  

Blood group A has two major subtypes, A1 and A2. A2 is expressed in approximately 20% 
of the US population and these individuals have lower cell surface expression of the blood 
group antigen compared to individuals with blood type A1. In addition, antibodies directed 
against the A antigen do not cause efficient agglutination of RBC from individuals with 
blood type A2. Given the lower cell surface expression of A2 antigen and less robust binding 
of anti- A to the A2 molecules resulting in less agglutination, donors with A2 subtype are 
considered to be less immunogenic. In fact, A2 donor kidneys have been transplanted to B 
recipients without the use of treatment protocols for immune modulation prior to 
transplantation [8], however, most patients do require some form of immunomodulatory 
therapy prior to transplantation [16]. The long-term outcomes were similar to that of ABO 
compatible transplantation [17].  

3.1.1. Isohemagglutinin measurement 

In addition to ABO grouping, the strength of the anti-A and anti-B titers need to be 
determined prior to initiating therapy for an ABOi kidney transplant. The presence of anti-A 
and anti-B causes hyperacute rejection within days to weeks in the setting of ABOi 
transplantation. These antibodies can be removed by plasmapheresis or immunoadsorption. 
Different centers use different goals for isohemagglutinin titers ranging from <1/8 to <1/32. 
Antibodies are measured using serial dilutions of a patient’s sample, which are incubated 
for a period of time at 37°C with RBC aliquots with the appropriate blood group antigen. 
The sample is then checked for macroscopic agglutination of red blood cells (for IgM) or 
undergoes additional incubation with antihuman globulin to detect IgG agglutination [2]. 
The reagents for these tests are not standardized and therefore inter-laboratory variation 
does occur (up to 32-fold for IgM and 256-fold for IgG). ELISA and flow cytometry methods 
may be more accurate and reproducible [18]. 

3.2. Brief history of kidney transplantation with ABO incompatible donors 

In 1954, Hume et al. [19] reported the first ABOi renal transplantation where the patient lost 
the graft on the 5th post-operative day. Though Starzl et al. [20] in 1964 reported 3 successful 
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kidney transplants across the ABO barrier, over the next 2 decades several case reports of 
unsuccessful attempts at kidney transplant across ABO antigens were published. Cooke et 
al. [21] reported a graft survival rate of 4% at 1 year in ABOi transplants. Therefore, ABO 
incompatibility generally was considered an absolute contraindication to kidney 
transplantation. 

In 1981, Slapak et al. first reported the use of plasmapheresis (PP) as a tool to remove the 
anti-A and anti-B when a patient with blood group O inadvertently received a kidney from 
a donor with blood group A. Acute antibody mediated rejection was reversed with PP and 
the patient had normal renal function 20 months after transplantation. Six years later, 
Alexandre et al. [22] reported the successful outcome of ABOi transplantation in 26 patients 
with splenectomy and PP. The overall outcome of ABO incompatible transplants has 
improved over the years with the introduction of PP and more potent immunosuppressive 
therapies including the use of poly and monoclonal antibody therapies. As a result, 
splenectomy is no longer a required procedure for ABO incompatible kidney transplants. 
Today, ABO incompatible transplants are routinely performed in Japan where 
approximately 20% of living donor recipients receive a kidney from an ABO incompatible 
donor. The option of receiving an ABO incompatible transplant is being utilized more 
frequently in other countries as well.  

3.3. Modulation of the immune response in recipients with ABO incompatible 
donors 

A review of the major immunosuppressive protocols that have been studied to facilitate 
ABO incompatible transplants is summarized in Table 1. Most studies utilized some form of 
antibody removal via PP, double-filtration or immunoadsorption and the target anti-A/B 
titer was between 1:8 and 1:32. In the ’80s and ‘90s, splenectomy was commonly performed 
in recipients of ABO incompatible transplants. In 2004, Squifflet et al. found that the 
outcome of splenectomized ABOi living related transplant recipients was similar to the 
outcome of ABO compatible living related transplant recipients maintained on cyclosporine 
based immunosuppression [23].  

Overall, rejection rates were relatively high (29.3%- 58%), in patients who underwent 
splenectomy as part of the treatment protocol (Table 1- #1-3) [24-26]. With the introduction 
of rituximab, splenectomy was no longer required for successful transplantation with ABO 
incompatible donors and rituximab has been referred to as “medical splenectomy”. Gloor et 
al. found that the incidence of antibody mediated rejection in the splenectomy group was 30 
% compared to 18% in the rituximab group (p=0.68) [24]. Patient and graft survival were 
similar. Genberg et al. found that the combination of immunoadsorption and rituximab 
improved outcomes similar to that of ABO compatible living donor kidney transplants 
(graft survival was 86.7% in both the groups) [7].  

More recently, Montgomery et al. [25] found that a conditioning regimen using PP and IVIG 
alone may be effective in successful ABOi transplantation. The group transplanted 28 ABOi 
patients who had received plasmapheresis and CMVIG alone without B cell ablative therapy 
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response and reduce the number of circulating antibodies directed against the ABO group [14, 
15]. In organ transplantation, ABO compatibility is the first step in determining the suitability 
of a donor for a particular recipient. Group A individuals express the A antigen on cell surface 
and produce antibodies against the non-expressed B antigen (anti B antibodies). Group B 
individuals express the B antigen on cell surface and produce anti A antibodies. Group AB 
individuals express both A and B antigens on cell surface and therefore do not produce either 
anti-A or anti-B antibodies. They are referred to as the “universal recipients” and can receive 
an organ from any individual. Individuals with blood group O express neither A or B antigen 
on cell surface and therefore produce antibodies against both A and B antigens. Given the lack 
of cell surface expression of A and B antigens, these individuals are considered “universal 
donors.” However because they express antibodies against both A and B antigens, they can 
only receive a donor from blood group O individuals.  

Blood group A has two major subtypes, A1 and A2. A2 is expressed in approximately 20% 
of the US population and these individuals have lower cell surface expression of the blood 
group antigen compared to individuals with blood type A1. In addition, antibodies directed 
against the A antigen do not cause efficient agglutination of RBC from individuals with 
blood type A2. Given the lower cell surface expression of A2 antigen and less robust binding 
of anti- A to the A2 molecules resulting in less agglutination, donors with A2 subtype are 
considered to be less immunogenic. In fact, A2 donor kidneys have been transplanted to B 
recipients without the use of treatment protocols for immune modulation prior to 
transplantation [8], however, most patients do require some form of immunomodulatory 
therapy prior to transplantation [16]. The long-term outcomes were similar to that of ABO 
compatible transplantation [17].  

3.1.1. Isohemagglutinin measurement 

In addition to ABO grouping, the strength of the anti-A and anti-B titers need to be 
determined prior to initiating therapy for an ABOi kidney transplant. The presence of anti-A 
and anti-B causes hyperacute rejection within days to weeks in the setting of ABOi 
transplantation. These antibodies can be removed by plasmapheresis or immunoadsorption. 
Different centers use different goals for isohemagglutinin titers ranging from <1/8 to <1/32. 
Antibodies are measured using serial dilutions of a patient’s sample, which are incubated 
for a period of time at 37°C with RBC aliquots with the appropriate blood group antigen. 
The sample is then checked for macroscopic agglutination of red blood cells (for IgM) or 
undergoes additional incubation with antihuman globulin to detect IgG agglutination [2]. 
The reagents for these tests are not standardized and therefore inter-laboratory variation 
does occur (up to 32-fold for IgM and 256-fold for IgG). ELISA and flow cytometry methods 
may be more accurate and reproducible [18]. 

3.2. Brief history of kidney transplantation with ABO incompatible donors 

In 1954, Hume et al. [19] reported the first ABOi renal transplantation where the patient lost 
the graft on the 5th post-operative day. Though Starzl et al. [20] in 1964 reported 3 successful 
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kidney transplants across the ABO barrier, over the next 2 decades several case reports of 
unsuccessful attempts at kidney transplant across ABO antigens were published. Cooke et 
al. [21] reported a graft survival rate of 4% at 1 year in ABOi transplants. Therefore, ABO 
incompatibility generally was considered an absolute contraindication to kidney 
transplantation. 

In 1981, Slapak et al. first reported the use of plasmapheresis (PP) as a tool to remove the 
anti-A and anti-B when a patient with blood group O inadvertently received a kidney from 
a donor with blood group A. Acute antibody mediated rejection was reversed with PP and 
the patient had normal renal function 20 months after transplantation. Six years later, 
Alexandre et al. [22] reported the successful outcome of ABOi transplantation in 26 patients 
with splenectomy and PP. The overall outcome of ABO incompatible transplants has 
improved over the years with the introduction of PP and more potent immunosuppressive 
therapies including the use of poly and monoclonal antibody therapies. As a result, 
splenectomy is no longer a required procedure for ABO incompatible kidney transplants. 
Today, ABO incompatible transplants are routinely performed in Japan where 
approximately 20% of living donor recipients receive a kidney from an ABO incompatible 
donor. The option of receiving an ABO incompatible transplant is being utilized more 
frequently in other countries as well.  

3.3. Modulation of the immune response in recipients with ABO incompatible 
donors 

A review of the major immunosuppressive protocols that have been studied to facilitate 
ABO incompatible transplants is summarized in Table 1. Most studies utilized some form of 
antibody removal via PP, double-filtration or immunoadsorption and the target anti-A/B 
titer was between 1:8 and 1:32. In the ’80s and ‘90s, splenectomy was commonly performed 
in recipients of ABO incompatible transplants. In 2004, Squifflet et al. found that the 
outcome of splenectomized ABOi living related transplant recipients was similar to the 
outcome of ABO compatible living related transplant recipients maintained on cyclosporine 
based immunosuppression [23].  

Overall, rejection rates were relatively high (29.3%- 58%), in patients who underwent 
splenectomy as part of the treatment protocol (Table 1- #1-3) [24-26]. With the introduction 
of rituximab, splenectomy was no longer required for successful transplantation with ABO 
incompatible donors and rituximab has been referred to as “medical splenectomy”. Gloor et 
al. found that the incidence of antibody mediated rejection in the splenectomy group was 30 
% compared to 18% in the rituximab group (p=0.68) [24]. Patient and graft survival were 
similar. Genberg et al. found that the combination of immunoadsorption and rituximab 
improved outcomes similar to that of ABO compatible living donor kidney transplants 
(graft survival was 86.7% in both the groups) [7].  

More recently, Montgomery et al. [25] found that a conditioning regimen using PP and IVIG 
alone may be effective in successful ABOi transplantation. The group transplanted 28 ABOi 
patients who had received plasmapheresis and CMVIG alone without B cell ablative therapy 
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and followed them for 2 years. The incidence of humoral rejection was 17.8% which was 
similar to those patients who had splenectomy (n=17) or rituximab (n=15) in addition to PP 
and CMVIG [25]. In Japan where ABOi transplants are very common, acute rejection rates 
have decreased to less than 10%. In a series of 74 patients who received rituximab and PP for 
immunomodulation, the incidence of humoral rejection was only 6.7%. Patient survival was 
100% and the graft survival was 97% [27].  

Overall the goal of the pre-transplant conditioning regimen is to reduce the anti-A and/or 
anti-B titers to a low level. The acceptable titer for transplantation varies significantly among 
the centers, ranging from 1:32 to <1:8. Generally patients receive additional PP treatment in 
the early post-transplant period. The anti-A and anti-B titers are followed routinely post-
transplant and a rise in the titer may be used as an indication to reinitiate PP and/or a biopsy 
procedure. For long term immunosuppression, these patients are usually maintained on 
triple drug therapy (calcineurin inhibitors, antimetabolites and steroids). Acute rejection 
episodes are treated as per center protocols. 

3.4. Clinical outcomes of recipients with ABO incompatible donors 

The major goal of conditioning regimens for recipients of ABOi donors is to reduce the anti-
A and/or anti-B titers to a level that allows for transplantation without hyperacute rejection 
and early graft loss. We reviewed some of the protocols that have led to successful 
transplantation using ABOi donors. However, these patients are still at risk for acute 
rejection episodes and acute rejection rates can be as high as 30% in some series. Acute 
antibody mediated rejection (AMR) has also been shown to affect graft survival in ABOi 
kidney transplants. Toki [28] et al. showed that the graft survival is much lower when patients 
have AMR compared to patients who do not experience AMR (5 year survival- 84% vs. 95%). 
Presence of AMR also correlates with the development of transplant glomerulopathy at 1 year 
(64% vs. 3%). Since any episode of AMR has a profound effect on the graft outcomes despite 
treatment, optimizing the evaluation and management of recipients with ABOi transplants is 
important to mitigate the risk of rejection episodes (Figure 2).  

Most centers utilize some form of monitoring protocol that includes anti-A/anti-B titers as 
well as protocol biopsies. However, recent data does not indicate that titers are predictive of 
early acute rejection and/or poor allograft outcomes. In a study by Shimmura et al. pre-
transplant anti-A/anti-B titers were not found to correlate with graft survival in the patients 
with anti A/B IgG titers [29]. However, the presence of donor specific anti-HLA antibodies 
did appear to have a more significant association with poor allograft outcomes than anti-
blood group antibodies [28]. In another study, the authors found that the median anti-
A/anti-B titer in those who had antibody mediated rejection was 16 (range 8-256). However, 
the positive predictive value of a high anti-A/B titers for AMR was poor (33.3%) [30]. Other 
studies have found that the absence of mycophenolate mofetil in the conditioning regimens 
was also associated with an increased risk of rejection [2, 28-30]. 

Acute antibody-mediated rejection requires morphologic evidence of acute tissue injury, 
circulating donor-specific alloantibodies, and immunological evidence of antibody-
mediated process (particularly C4d positive staining). C4d is a degradation product of the 
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classic complement pathway. A unique feature of C4d is that it binds covalently to the 
endothelial and collagen basement membranes, thereby avoiding removal and raising the 
possibility of serving as an immunologic footprint of complement activation and antibody 
activity. Presence of C4d correlates with the presence of donor specific anti HLA antibodies 
and also poor graft survival. But the significance of C4d deposition is not clear. C4d 
deposition has been seen in up to 80% of protocol biopsies in ABOi transplantation without 
any sign of graft dysfunction. Platt et al. suggested that perhaps the binding of anti-donor 
antibodies and complement to the graft induces accommodation. So, the presence of C4d 
alone does not signify endothelial damage or rejection [31]. 

 
Difference in Graft Survival between AMR vs. Non-AMR at 5 years was significant, P=0.009 
AMR – antibody mediated rejection; Data adapted from Toki et al., AM J Transplant, 2008 

Figure 2. Graft survival rate influenced by antibody mediated rejection in recipients of ABOi kidney 
transplants. 

Despite the acute rejection complication, long term outcomes for recipients of ABOi 
transplants are good and similar to the outcomes seen in ABO compatible transplantation. 
Results from Japan, where the largest number of ABOi transplants have been performed, are 
also promising. Ichimaru et al. [32] published a review of 1,012 ABOi transplants performed 
from 1989-2006 at 92 institutions. The 1-year, 3- year, 5- year and 10- year patient survival 
rates were 95%, 93%, 91% and 87% and the corresponding graft survival rates were 90%, 
86%, 80% and 63%, respectively (Figure 3). Graft survival was significantly better in patients 
aged 15 or younger and in patients transplanted after 2001. 

Futagawa and Terasaki [33] published an analysis of registry data of UNOS examining 
ABOI kidney recipients compared to ABO compatible transplantation. There was no 
significant difference in allograft survival at 1 and 5 years after transplantation (66.9 versus 
66.7 %). These results were also validated in other studies (Figure 3). Genberg et al. [7] 
analyzed the protocol on 60 consecutive ABOi kidney transplants that included 
immunoadsorption (used primarily in Europe) instead of plasmapheresis. At 5- year follow-
up, graft survival was 97% for the ABOi group vs. 95% for the ABO compatible recipients. 
Patient survival was identical (98%). 
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procedure. For long term immunosuppression, these patients are usually maintained on 
triple drug therapy (calcineurin inhibitors, antimetabolites and steroids). Acute rejection 
episodes are treated as per center protocols. 
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rejection episodes and acute rejection rates can be as high as 30% in some series. Acute 
antibody mediated rejection (AMR) has also been shown to affect graft survival in ABOi 
kidney transplants. Toki [28] et al. showed that the graft survival is much lower when patients 
have AMR compared to patients who do not experience AMR (5 year survival- 84% vs. 95%). 
Presence of AMR also correlates with the development of transplant glomerulopathy at 1 year 
(64% vs. 3%). Since any episode of AMR has a profound effect on the graft outcomes despite 
treatment, optimizing the evaluation and management of recipients with ABOi transplants is 
important to mitigate the risk of rejection episodes (Figure 2).  

Most centers utilize some form of monitoring protocol that includes anti-A/anti-B titers as 
well as protocol biopsies. However, recent data does not indicate that titers are predictive of 
early acute rejection and/or poor allograft outcomes. In a study by Shimmura et al. pre-
transplant anti-A/anti-B titers were not found to correlate with graft survival in the patients 
with anti A/B IgG titers [29]. However, the presence of donor specific anti-HLA antibodies 
did appear to have a more significant association with poor allograft outcomes than anti-
blood group antibodies [28]. In another study, the authors found that the median anti-
A/anti-B titer in those who had antibody mediated rejection was 16 (range 8-256). However, 
the positive predictive value of a high anti-A/B titers for AMR was poor (33.3%) [30]. Other 
studies have found that the absence of mycophenolate mofetil in the conditioning regimens 
was also associated with an increased risk of rejection [2, 28-30]. 

Acute antibody-mediated rejection requires morphologic evidence of acute tissue injury, 
circulating donor-specific alloantibodies, and immunological evidence of antibody-
mediated process (particularly C4d positive staining). C4d is a degradation product of the 
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classic complement pathway. A unique feature of C4d is that it binds covalently to the 
endothelial and collagen basement membranes, thereby avoiding removal and raising the 
possibility of serving as an immunologic footprint of complement activation and antibody 
activity. Presence of C4d correlates with the presence of donor specific anti HLA antibodies 
and also poor graft survival. But the significance of C4d deposition is not clear. C4d 
deposition has been seen in up to 80% of protocol biopsies in ABOi transplantation without 
any sign of graft dysfunction. Platt et al. suggested that perhaps the binding of anti-donor 
antibodies and complement to the graft induces accommodation. So, the presence of C4d 
alone does not signify endothelial damage or rejection [31]. 
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aged 15 or younger and in patients transplanted after 2001. 

Futagawa and Terasaki [33] published an analysis of registry data of UNOS examining 
ABOI kidney recipients compared to ABO compatible transplantation. There was no 
significant difference in allograft survival at 1 and 5 years after transplantation (66.9 versus 
66.7 %). These results were also validated in other studies (Figure 3). Genberg et al. [7] 
analyzed the protocol on 60 consecutive ABOi kidney transplants that included 
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up, graft survival was 97% for the ABOi group vs. 95% for the ABO compatible recipients. 
Patient survival was identical (98%). 
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Figure 3. a) Trends in graft survival rates of ABOi kidney transplant recipients from 1989-2006  
b) Comparison of graft survival rates in ABOi and ABO compatible kidney transplant recipients  

3.5. Accommodation 

After a successful ABOi transplantation, many allografts exhibit signs of “accommodation” 
which is defined as the absence of allograft injury in the presence of alloantibodies. Many of 
the recipients of ABOi kidney transplants demonstrate C4d deposition in protocol biopsies 
without any signs of acute or chronic rejection [34]. Haas and colleagues found that in ABOi 
graft recipients, individuals with diffuse C4d deposition without other signs of graft 
dysfunction did better than those without significant C4d deposition. Several experimental 
models have attempted to elucidate the mechanism of these findings. One explanation is that 
the binding of anti-A/B to the endothelium leads to upregulation of protective genes such as 
CD55 and CD59 which inhibit complement mediated cell injury and protects the graft acutely 
[35, 36]. It is postulated that reduction in cell surface expression of A /B antigens in the graft 
and development of endothelial chimerism may protect the graft long-term [37-39]. 

3.6. Future of transplantation with ABO incompatible donors 

Using blood group frequencies in the US population, 30–35% of potential living donors will 
be blood group incompatible. Other than continuing on renal replacement therapy and 
waiting for a deceased donor transplant, the options for patients with ABOi donors are 
kidney paired donation or ABO incompatible transplantation. Not all recipient-donor pairs 
find a suitable donor exchange option quickly. Similar to waiting for a donor on the 
deceased donor list, blood type O recipients have an increased wait time on the kidney 
paired donation registry. This topic is covered in more detail in Chapter 9.  

Research to facilitate ABOi transplants and reduce acute rejection rates in these individuals 
would be of value. Experimental therapies are being investigated to reduce the antibody 
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target on the endothelium. This is achieved either through the use of enzymes that cleave 
the carbohydrate antigen or by blocking antibody preventing isohemagglutinin binding. 
Kobayashi and others have shown that recombinant ABase infusion (an enzyme which 
removes A/B antigen from cell surface) in baboons leads to significant reduction in 
expression of blood group antigens on its kidneys. Hasegawa isolated a novel antibody 
(K7508) which targets blood group A antigen. They showed that group A red cells coated 
with the blocking antibody (K7508) were not recognized by other anti-A antibodies, 
indicating that antigen A was masked by K7508. Both these options reduce antibody-antigen 
binding in recipients of ABOi transplants and may improve our management of ABOi 
recipient-donor pairs [40, 41].  

4. Renal transplantation with crossmatch incompatible donors  

4.1. Patient assessment: Histocompatibility testing  

The predominant method of evaluating a patient’s sensitization is using the panel reactive 
antibody (PRA). Historically, this was done using a complement dependent cytotoxicity 
(CDC) assay. In this assay, the patient’s serum is incubated with a panel of donor 
lymphocytes in the presence of rabbit complement which results in lymphocyte death in the 
presence of patient’s antibodies binding to the cell surface and activating complement 
cascade. The percentage of lymphocytes giving a positive reaction (cell death) over the total 
number tested is the PRA of the patient. Sensitized patients who have been exposed to Class 
I and Class II HLA (human leukocyte antigens) via transfusions, pregnancies and previous 
transplants are likely to have PRA because they harbor many anti-HLA antibodies that react 
with larger pool of the donor leukocyte panel [42]. In this assay, it was difficult to determine 
the exact target of the anti-HLA antibodies since each lymphocytes of the donor would 
express more than one Class I and II HLA molecules. More recently, with the advent of solid 
phase assays (where HLA antigens are immobilized in a tray well or on a bead) using 
ELISA, flow-Cytometry, and Luminex technologies, we can be more precise about the 
specificity of the anti-HLA antibody when assessing the sensitization of a given patient [43]. 
We can also calculate the PRA (cPRA) based on the frequency of the HLA antigens in a 
larger pool of donors and perform a “virtual crossmatch” in which we try to predict the 
possibility of a positive crossmatch based on the semiquantitative strength of the anti-HLA 
antibodies present in the donor’s serum and the HLA typing of the potential donor. These 
solid phase anti-HLA antibody assays allow each center to minimize the number of positive 
crossmatches for their recipients and assess relative risk of immunological complications 
early post-transplantation [44].  

Prior to any kidney transplant, a prospective sensitive CDC (complement dependent 
cytotoxicity) crossmatch is required. The standard crossmatch at most centers is the AHG-
CDC (anti-human immunoglobulin enhanced CDC) crossmatch). A positive donor T cell 
AHG-CDC is a contraindication to transplantation. In this crossmatch, the donor cells are 
mixed with the patient’s serum and incubated with rabbit complement to evaluate if the 
recipient antibodies are able to elicit donor cell death. The strength of the reaction is graded 
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target on the endothelium. This is achieved either through the use of enzymes that cleave 
the carbohydrate antigen or by blocking antibody preventing isohemagglutinin binding. 
Kobayashi and others have shown that recombinant ABase infusion (an enzyme which 
removes A/B antigen from cell surface) in baboons leads to significant reduction in 
expression of blood group antigens on its kidneys. Hasegawa isolated a novel antibody 
(K7508) which targets blood group A antigen. They showed that group A red cells coated 
with the blocking antibody (K7508) were not recognized by other anti-A antibodies, 
indicating that antigen A was masked by K7508. Both these options reduce antibody-antigen 
binding in recipients of ABOi transplants and may improve our management of ABOi 
recipient-donor pairs [40, 41].  

4. Renal transplantation with crossmatch incompatible donors  

4.1. Patient assessment: Histocompatibility testing  

The predominant method of evaluating a patient’s sensitization is using the panel reactive 
antibody (PRA). Historically, this was done using a complement dependent cytotoxicity 
(CDC) assay. In this assay, the patient’s serum is incubated with a panel of donor 
lymphocytes in the presence of rabbit complement which results in lymphocyte death in the 
presence of patient’s antibodies binding to the cell surface and activating complement 
cascade. The percentage of lymphocytes giving a positive reaction (cell death) over the total 
number tested is the PRA of the patient. Sensitized patients who have been exposed to Class 
I and Class II HLA (human leukocyte antigens) via transfusions, pregnancies and previous 
transplants are likely to have PRA because they harbor many anti-HLA antibodies that react 
with larger pool of the donor leukocyte panel [42]. In this assay, it was difficult to determine 
the exact target of the anti-HLA antibodies since each lymphocytes of the donor would 
express more than one Class I and II HLA molecules. More recently, with the advent of solid 
phase assays (where HLA antigens are immobilized in a tray well or on a bead) using 
ELISA, flow-Cytometry, and Luminex technologies, we can be more precise about the 
specificity of the anti-HLA antibody when assessing the sensitization of a given patient [43]. 
We can also calculate the PRA (cPRA) based on the frequency of the HLA antigens in a 
larger pool of donors and perform a “virtual crossmatch” in which we try to predict the 
possibility of a positive crossmatch based on the semiquantitative strength of the anti-HLA 
antibodies present in the donor’s serum and the HLA typing of the potential donor. These 
solid phase anti-HLA antibody assays allow each center to minimize the number of positive 
crossmatches for their recipients and assess relative risk of immunological complications 
early post-transplantation [44].  

Prior to any kidney transplant, a prospective sensitive CDC (complement dependent 
cytotoxicity) crossmatch is required. The standard crossmatch at most centers is the AHG-
CDC (anti-human immunoglobulin enhanced CDC) crossmatch). A positive donor T cell 
AHG-CDC is a contraindication to transplantation. In this crossmatch, the donor cells are 
mixed with the patient’s serum and incubated with rabbit complement to evaluate if the 
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and any significant cell death above and beyond the negative control well is considered 
positive. If there is a positive reaction, it suggests that the patient is sensitized against the 
donor and is at high risk of hyperacute or accelerated rejection episode. The flow cytometry 
crossmatch is also utilized to identify any donor specific antibodies and it is considered to be a 
more sensitive crossmatch than the standard AHG-CDC crossmatch. The flow crossmatch is 
performed by incubating an individual’s sera with donor lymphocytes (T & B) that are stained 
with a fluorochrome-conjugated anti-IgG. The fluorescence of the bound antibody is then 
detected using a laser and compared to a negative control. The difference in the signal between 
the donor crossmatch and the negative control is calculated and reported as a mean channel 
shift (MCS). The CDC crossmatch identifies complement activating antibodies but does not 
distinguish anti-HLA from non anti-HLA antibodies. Similarly the standard flow cytometry 
crossmatch detects both anti-HLA and non anti-HLA antibodies but does not distinguish 
between complement activating antibodies and non-complement activating antibodies. Both of 
these tests are used to assess donor-reactivity [45]. The association between positive flow 
cytometry crossmatch and acute rejection rates and graft survival is still being debated. Only 
one prospective blinded study has been performed and it showed that a positive flow 
cytometry crossmatch did not affect graft outcomes [46]. However, there are multiple other 
studies demonstrating increased acute rejection risk associated with a positive flow cytometry 
crossmatch. At some centers a positive flow cytometry crossmatch is considered a 
contraindication to transplantation while at other centers may utilize condition therapies or 
modify induction therapies to avoid early acute rejection episodes [47, 48]. 

To distinguish between anti-HLA and non anti-HLA antibodies, a series of solid phase 
antibody detection systems have been developed [49]. In these assays, the HLA antigens 
eluted from cell lines are immobilized on an artificial surface and patient’s serum is 
incubated with the bound HLA antigens. If the patient has an anti-HLA antibody, it will 
bind to the antigen. The bound antibodies are detected using some type of fluorescence 
signal. Different platforms are used for solid phase antibody screening including ELISA, 
standard flow cytometer and the multiplexing assays on the Luminex® platform. At this 
time a solid phase antibody screening is required to list unacceptable antigen on the UNOS 
waiting list. 

When performing histocompatibility testing, most centers are reporting DSA (donor specific 
antibodies) as part of the assessment. Although the term DSA can refer to any type of 
antibody directed against the donor, it commonly refers to the anti-HLA antibodies 
detected against the donor using solid phase antibody screening. The most commonly 
used platform, Luminex® platform, is able to provide the relative strength of the antibody 
in terms of MFI values (mean fluorescence intensity). However, it is not considered an 
absolute quantitative assay and the assay is not standardized across laboratories.. 
Therefore, MFI values obtained at one center cannot be compared directly to the MFI 
values obtained at another center. However, the relative strength (low, medium, strong) 
should be comparable [50]. 

Solid phase antibody assays are routinely used to report DSA and identify patients at risk 
for AMR (antibody mediated rejection) post-transplantation. Akalin and colleagues found in 
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their treatment protocols that AMR was observed only in patients with strong DSAs (MFI 
>6000 on Luminex® platform) [51]. Similarly Mayo clinic also found that the development of 
AMR was more likely in patients with strong DSAs and higher MCS on flow cytometry 
crossmatch [52]. Lefaucher et al. showed that patients with DSA MFI >6000 were 100 times 
more likely to develop AMR [53]. 

A prospective CDC crossmatch is performed on all patients. A positive donor CDC T cell 
crossmatch is considerted to be a contraindication to transplantation in routine practice. 
However, other techniques are routinely used to measure the sensitization status of the 
patient, determine whether the antibody is directed against HLA or non-HLA, and assess 
risk for early acute rejection episodes [54]. These techniques also aid in measuring the 
response to immunomodulation treatment protocols and understanding when 
transplantation can safely be performed while minimizing the risk of acute rejection. New 
technology is continuously emerging and new assays to look at complement binding 
antibodies, IgG subtypes and endothelial antibodies are currently being studied [55-57]. 

4.2. History of kidney transplantation with crossmatch incompatible donors 

In 1969, Patel and Terasaki were the first to demonstrate that the presence of pre-formed 
antibodies significantly affects transplant outcomes and that the crossmatch could help 
define who could be safely transplanted. Their pivotal paper showed that when 
transplanted with a positive crossmatch, 80% of patients would go on to lose their grafts, 
however with a negative crossmatch, only 4% of patients lost their grafts [58]. Since then our 
techniques for measuring antibodies and assessing sensitization have become quite 
sophisticated. Additionally, multiple studies have demonstrated that the presence of 
preformed antibodies predisposes patients to hyper-acute rejection as well as acute and 
chronic AMR.  We now understand that simply the presence of preformed antibodies leads 
to decreased graft survival even in the absence of clinical signs of AMR [53].  

Because of the shortage of available organs and the high percentage of sensitized patients on 
the wait-list for transplantation, many centers began looking into methods for 
immunomodulation to improve the rates of transplantation and outcomes in highly 
sensitized individuals since the early 90s. These early studies as well as many recent 
protocols involve the use of low or high dose IVIG and PP. The mechanism of action of these 
therapies was described earlier. More recently newer protocols have begun using rituximab, 
anti-CD20 antibody, bortezomib, the protease inhibitor and eculizumab, the anti-C5, 
terminal complement inhibitor. 

4.3. Modulation of the immune response in recipients with crossmatch 
incompatible donors 

Immunomodulation therapy can be given prior to transplantation to facilitate 
transplantation or at the time of transplantation to reduce acute rejection related 
complications. Because the earliest forms of immunomodulation focused on obtaining a 
negative CDC crossmatch to allow transplantation of sensitized patients, only individuals 
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with living donors were enrolled to determine if the treatment protocols utilizing PP and 
IVIG were successful in obtaining a negative crossmatch. With more experience, some 
centers have begun to treat patients who are on the waiting list for a transplant and 
suggested that PRA levels and time to transplantation can be decreased. Since 2000, there 
have been many studies describing protocols used for conditioning prior to transplantation 
[Table 2] as well as protocols administered peri-transplantation [Table 3]  to reduce the risk 
of acute rejection in sensitized patients. We have divided data into two tables. Table 2 
describes the protocols from 8 studies that predominantly focused on pre-transplant 
conditioning therapies to lower antibodies to a level that results in a negative crossmatch 
(some transplants occurred with persistent weakly positive crossmatches). The goal of these 
therapies was to reduce anti-HLA antibodies and allow for successful transplantation. If 
immunomodulation was unsuccessful, patients did not proceed to transplant. Three of the 
studies focused on use of high dose IVIG for immunomodulation [59-61]. In these studies 
rejection rates were 31-59% and patient and graft survival was 96-100% and 75-100% 
respectively. Four of the studies included rituximab as a part of their pre-transplant 
conditioning regimens [62-65]. Despite the addition of rituximab, AMR rates remained high, 
37-50% and patient and graft survival were similar to the IVIG alone groups 86-100% and 
79-94% respectively. Of these trials, only one was a randomized control trial and focused on 
treatment of patients awaiting a deceased donor transplant. Jordan et al published their data 
on the use of IVIG versus placebo.  They found that transplantation rates improved and time 
to transplantation decreased significantly with the use of high dose IVIG. Additionally they 
demonstrated significant reductions in PRA after the use of IVIG (p<0.03).  

It is unclear whether high dose IVIG is an improved therapy over PP and low dose IVIG.  
The study in Table 2 by Stegall et al. compared PP/IVIG with IVIG alone using anti-
thymocyte globulin (ATG) induction [66]. In their study they looked at transplantation 
outcomes in 3 treatment groups. The first group received high dose IVIG, the second 
received PP, low dose IVIG and rituximab, and the third received PP, low dose IVIG, 
rituximab with close post-transplant monitoring. All groups received anti-thymocyte 
globulin induction. In the first group only 5/13 (38%) had pre transplant tyhomglobulin a 
negative crossmatch while 84% in group 2 and 88% in group 3 ultimately had a negative 
crossmatch. AMR rates in the first group were quite high (80%), and significantly lower in 
group 2 (37%) and group 3 (29%). Additionally they noted that at baseline, patients with 
higher AHG titers were less likely to achieve a negative crossmatch at the time of transplant. 
Among the small number of patients that went on to receive a transplant with a persistently 
positive crossmatch, 70% developed AMR and 50% went on to lose their grafts. 

Table 3 describes protocols that were used to reduce the risk of acute rejection episodes and 
graft loss in sensitized patients who had an acceptable crossmatch to proceed with 
transplantation. These patients did not have contraindications to transplantation but were 
sensitized and deemed to be at high risk for early acute rejection episodes based on the 
presence of donor specific antibodies. These patients were treated either prior to 
transplantation or at the time of transplantation (Table 3) [61-63, 65, 67-77]. In these studies, 
AMR rates were lower and improved in some studies compared to historical controls. It is 
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difficult, however, to compare one center’s results to another’s as there are no standardized 
methods to compare the strength of the antibodies in one group to another group at a 
different center. Acute rejection rates do appear to be lower compared to the studies in Table 
2, a result attributable to the fact that this group’s antibody titers were not high enough to 
cause a positive CDC crossmatch. Patient and graft survival ranged from 87-100% and 78-
100% respectively.  

The lowest rejection rates from Table 3 are seen in the data published by Mount Sinai using 
the addition of PP to IVIG/ATG pre-transplant conditioning protocols based on the intensity 
of DSA [51]. They studied a group of patients with CDC T cell negative crossmatch but T 
and/or B cell positive flow crossmatch. In their initial protocol patients were given low dose 
IVIG (300mg/kg) and ATG. However, they found with the initial 15 patients, 3 developed 
AMR so they increased their IVIG dosing to 2gm/kg. This still resulted in an AMR rate of 
66% in patients with strong DSA and they altered their protocol to add PP in patients with 
strong DSA. They also noted that in the group of patients with weak DSA, there were no 
episodes of rejection. Once augmenting the protocol with PP, the AMR rate in the patients 
with strong DSA decreased to 7%. This study suggested that it was important to achieve 
MFI<6000 (at their center) to minimize the risk of acute rejection. Our center compared 33 
flow XM positive patients treated with rituximab and IVIG prior to transplantation (living) 
or at the time of transplantation (deceased) to 16 flow crossmatch positive patients who had 
only received IVIG [78]. In our study cohort, use of rituximab was associated with a 
significant lower acute rejection rate at one year (16% vs. 45%; P=0.03). Despite these 
promising data, the majority of studies [Table 3] have much higher rates of AMR, 
significantly higher than the rejection rate of 13% reported across all transplants in the 
tacrolimus/MMF era of immunosupression [79]. 

Not all studies have reported success when using IVIG and rituximab for 
immunomodulation. Recently Marfu et al. examined the use of IVIG (2g/kg) and rituximab 
(1 dose 375mg/m2) for immunomodulation of patients on the deceased donor waiting list 
[80]. They found that in patients with cPRA >50%, treatment with IVIG and rituximab did 
not increase rates of transplantation. Compared to the Cedars Sinai group, their subjects had 
higher cPRA values. Post conditioning therapy, there was no improvement in cPRA values, 
nor was there a significant reductions in DSAs. They also performed whole blood genome 
analysis on their desensitized patient and demonstrated reductions in some B cell 
transcripts.  In particular they found that specific genes previously shown to be associated 
with tolerance were down-regulated in their patients treated with IVIG/rituximab [81]. It is 
unclear what effect these changes in B cell transcripts resulting from IVIG and rituximab 
therapy will have on long term graft survival. 

Although there has been some success with IVIG, PP and rituximab based protocols, the 
rates of AMR are still quite high and the success of decreasing PRA on patients waiting to 
receive a transplant is marginal at best. Newer therapies are currently being evaluated to 
improve these results. 
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difficult, however, to compare one center’s results to another’s as there are no standardized 
methods to compare the strength of the antibodies in one group to another group at a 
different center. Acute rejection rates do appear to be lower compared to the studies in Table 
2, a result attributable to the fact that this group’s antibody titers were not high enough to 
cause a positive CDC crossmatch. Patient and graft survival ranged from 87-100% and 78-
100% respectively.  

The lowest rejection rates from Table 3 are seen in the data published by Mount Sinai using 
the addition of PP to IVIG/ATG pre-transplant conditioning protocols based on the intensity 
of DSA [51]. They studied a group of patients with CDC T cell negative crossmatch but T 
and/or B cell positive flow crossmatch. In their initial protocol patients were given low dose 
IVIG (300mg/kg) and ATG. However, they found with the initial 15 patients, 3 developed 
AMR so they increased their IVIG dosing to 2gm/kg. This still resulted in an AMR rate of 
66% in patients with strong DSA and they altered their protocol to add PP in patients with 
strong DSA. They also noted that in the group of patients with weak DSA, there were no 
episodes of rejection. Once augmenting the protocol with PP, the AMR rate in the patients 
with strong DSA decreased to 7%. This study suggested that it was important to achieve 
MFI<6000 (at their center) to minimize the risk of acute rejection. Our center compared 33 
flow XM positive patients treated with rituximab and IVIG prior to transplantation (living) 
or at the time of transplantation (deceased) to 16 flow crossmatch positive patients who had 
only received IVIG [78]. In our study cohort, use of rituximab was associated with a 
significant lower acute rejection rate at one year (16% vs. 45%; P=0.03). Despite these 
promising data, the majority of studies [Table 3] have much higher rates of AMR, 
significantly higher than the rejection rate of 13% reported across all transplants in the 
tacrolimus/MMF era of immunosupression [79]. 

Not all studies have reported success when using IVIG and rituximab for 
immunomodulation. Recently Marfu et al. examined the use of IVIG (2g/kg) and rituximab 
(1 dose 375mg/m2) for immunomodulation of patients on the deceased donor waiting list 
[80]. They found that in patients with cPRA >50%, treatment with IVIG and rituximab did 
not increase rates of transplantation. Compared to the Cedars Sinai group, their subjects had 
higher cPRA values. Post conditioning therapy, there was no improvement in cPRA values, 
nor was there a significant reductions in DSAs. They also performed whole blood genome 
analysis on their desensitized patient and demonstrated reductions in some B cell 
transcripts.  In particular they found that specific genes previously shown to be associated 
with tolerance were down-regulated in their patients treated with IVIG/rituximab [81]. It is 
unclear what effect these changes in B cell transcripts resulting from IVIG and rituximab 
therapy will have on long term graft survival. 

Although there has been some success with IVIG, PP and rituximab based protocols, the 
rates of AMR are still quite high and the success of decreasing PRA on patients waiting to 
receive a transplant is marginal at best. Newer therapies are currently being evaluated to 
improve these results. 
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4.4. Clinical outcomes of recipients with crossmatch incompatible donors 

While the initial studies on immunomodulation quoted AMR rates as high as 100%, more 
recent studies that incorporates the use of stronger induction therapy, as well as use of the 
strength of DSA to guide PP and higher dose IVIG, suggest lower AMR rates. Short term 
graft survival ranges from 78-96%. To date only a few studies have looked at long term graft 
outcomes. Haririan et al. looked at living donor transplantation against a positive 
crossmatch and compared outcomes to negative cross-match living donor controls [69]. 
They found that 1 and 5 year allograft survival rates were 90% and 69% in the positive 
crossmatch group as compared to 98% and 81% in controls. More recently Johns Hopkins 
published their outcomes data comparing desensitized patients (using IVIG and PP) with 
two groups, a dialysis only group and a dialysis or transplantation group [82]. They found 
that patients who underwent immunomodulation had a survival of 90.6% at 1 year, 85.7% at 
3 years and 80.6% at 8 years as compared with 91.1%, 67.2% and 30.5% in the dialysis only 
group and 93.1%, 77% and 49.1% in the dialysis or transplantation group respectively 
(P<0.001). While this group included only patients with live donors, there clearly remains a 
survival benefit to undergoing transplantation despite the need for immunomodulation. 
This survival benefit remained even in the group that was unable to obtain a negative 
crossmatch prior to transplantation. This data demonstrates a benefit to transplantation if a 
living donor is available over remaining on the wait list. However, it is unclear whether this 
can be extrapolated to those who received therapy prior to a deceased donor transplant. 

Additionally there continues to be convincing evidence that the presence of DSA leads to 
poor graft outcomes, including increased incidence of chronic AMR and transplant 
glomerulopathy [83]. While there are no consensus guidelines as to the follow up of the 
sensitized patient post transplantation, it is clear that they should be followed more closely for 
monitoring of both acute and chronic AMR. In many centers this includes protocol biopsies 
and frequent monitoring of DSA. Any increase in serum creatinine or development of 
proteinuria should prompt repeat measurement of DSA and renal biopsy. Follow up should 
also include monitoring for sequalae of over-immunosuppression such as the development of 
BK viremia at regular intervals. At our center we currently monitor for DSA and BKV at 1 and 
12 months in the highly sensitized patient. 

Many studies have been done examining the use of protocol biopsies in transplanted 
patients, including those at high risk. The ability to detect and treat subclinical rejection at 
an early stage may have long term benefits on allograft survival [84, 85]. Persistent donor 
specific antibodies has been linked to the development of transplant glomerulopathy [86, 
87]. Stegall and colleagues evaluated the incidence of transplant glomerulopathy in a large 
cohort of patients with protocol and diagnostic biopsies and found an incidence of 49% in 
well function renal allograft. The risk factors for transplant glomerulopathy included anti-
HLA antibodies and history of prior acute rejection episode [88].The implementation of 
protocol biopsies has been shown to increase detection of subclinical rejection and Rush et 
al. found that treatment of subclinical rejection reduced rates of early and late rejection as 
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well as improved graft survival at 2 years. Therefore it would be reasonable to perform 
protocol biopsies in a patient who undergoes immunomodulation and is at high risk for 
development of AMR and transplant glomerulopathy.  

4.5. Future of crossmatch incompatible donors 

While conditioning regimens for immunomodulation have shown some success in 
increasing transplantation rates in highly sensitized individuals, the rates of acute and 
chronic rejection remain high. Additionally, graft outcomes in patients with DSA are known 
to be worse than patients who are not sensitized to their donors [89, 90]. With the emergence 
of kidney paired donation programs (KPD), new options are now available for those 
patients who have a living donor but are highly sensitized. Given the growth and pool of 
donors in the current KPD programs, finding a compatible donor without the need for 
immunomodulation (prior to transplantation) is a more viable option. Segev et al. analyzed 
the benefits of a national KPD optimization scheme and found that highly sensitized 
patients would increase their rate of transplantation 6-fold (from 2.3% to 14.1%) [91]. Some 
highly sensitized patients may require immunomodulatory therapy even with the donors 
from the KPD program. However, data from more sensitive crossmatch techniques and 
solid phase antibody testing can be used to determine which donor would be associated 
with the the lowest relative risk of rejection for the recipient. Clearly this ability to assess 
relative risk with different donors will increase options for sensitized patients and allow us 
to optimize the donor selection process. Decision for whether or not to undergo pre-
transplant conditioning therapy versus wait for a kidney to become available through KPD 
should be considered on a case by case basis.  

Other novel therapies are currently being explored for immunomodulation. Bortezomib is a 
proteasome inhibitor that is FDA approved for the treatment of multiple myeloma. Its 
application in the field of transplantation is relatively new and based upon both in vitro and 
in vivo evidence of its activity against plasma cells. This agent is now being used to attempt 
reduction of DSA in sensitized patients [92, 93]. While many centers have incorporated this 
agent into treatment of AMR [94-96], its use for immunomodulation is limited to case 
reports. There have been 2 case reports that examined the use of bortezomib as a 
desensitizing agent pre-transplant. In the first, it was reported that one patient achieved a 
decrease in PRA from 57% to 31% and was able to be transplanted successfully [97]. In the 
other study, 2 patients received treatment with bortezomib and dexamethasone, and the 
effects were more modest, reduction of PRA from 87% to 80% and 37% to 13% [98]. 
Additionally at the 2010 American Transplant Congress, data was presented on the use of 
bortezomib in 6 patients for immunomodulation prior to transplantation. Compared to 
those treated with PP, 50% (3/6) received a transplant in the bortezomib group, while only 
11% (1/9) in PP alone group [99]. There have also been small studies showing early 
treatment with bortezomib post-transplant can provide some modest reduction in DSAs that 
are detected during the early post-transplant period [100]. Whether bortezomib will become 
a meaningful agent for immunomodulation prior to transplantation remains to be 
determined. 
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well as improved graft survival at 2 years. Therefore it would be reasonable to perform 
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increasing transplantation rates in highly sensitized individuals, the rates of acute and 
chronic rejection remain high. Additionally, graft outcomes in patients with DSA are known 
to be worse than patients who are not sensitized to their donors [89, 90]. With the emergence 
of kidney paired donation programs (KPD), new options are now available for those 
patients who have a living donor but are highly sensitized. Given the growth and pool of 
donors in the current KPD programs, finding a compatible donor without the need for 
immunomodulation (prior to transplantation) is a more viable option. Segev et al. analyzed 
the benefits of a national KPD optimization scheme and found that highly sensitized 
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Eculizumab is the newest agent to be considered for therapy of AMR and 
immunomodulation. It is a humanized monoclonal antibody against complement protein 
C5. It binds to C5 protein inhibiting its cleavage to C5a and C5b and preventing formation 
of the terminal complement complex C5b-9. It is FDA approved for paroxysmal nocturnal 
hemoglobinuria and for the prevention of atypical hemolytic uremic syndrome post-
transplant [101]. More recently its use as an agent to prevent and treat AMR is being 
studied. An abstract presented at the 2010 American Transplant Congress from the Mayo 
Clinic showed that in 16 sensitized living donor transplant recipients treated with 
eculizumab, at the time of transplant, the AMR rate was as low as 6.25% [102]. Despite the 
reduced rates of AMR, 6 patients developed signs of chronic antibody mediated rejection. 
Again, this is a promising new agent whose role in the treatment of the sensitized patient is 
still being assessed. 

5. Summary - Transplantation with incompatible donors 

We have come a long way since the earliest studies in transplanting both the ABOi donor 
and the highly sensitized patient. Using blood group frequencies in the US population, 30–
35% of potential living donors will be blood group incompatible. Other than continuing on 
renal replacement therapy and waiting for deceased donor transplant, the options for 
patients with ABOi donors are kidney paired donation (KPD) programs and ABO 
incompatible transplantation. Similar to compatible transplants, the waiting time for 
recipients with blood group O and B are longer in KPD programs (unless the donor is blood 
group O, universal donor). The mortality rate on dialysis while awaiting a transplant is very 
high (5-7 deaths per patient year) and therefore, for some individuals ABOi transplantation 
is not only a viable but a better option [2].  

For the highly sensitized patient, sophisticated techniques to evaluate the level of 
sensitization and solid phase antibody screening tools can help to identify which antigens 
are unacceptable and likely to cause a positive crossmatch. With this information we can 
select recipient-donor combinations that would be amenable to immunomodulation and 
allow for successful transplantation with good long-term outcomes. For patients who have a 
living donor, KPD programs can be used to increase opportunities for the recipient and 
optimize chances for successful transplantation.  

Conditioning therapies for immunomodulation do not come without a cost. AMR, chronic 
rejection and transplant glomerulopathy are frequent complications in recipients of 
incompatible donors. Patients must be monitored frequently for any signs of rejection as 
well as the infectious complications associated with high dose immunosuppressive 
therapies. The use of protocol biopsies should be considered and maintenance 
immunosuppression should be individualized. With the advent of non-invasive 
techniques for evaluating allograft function and the use of urinary biomarkers to detect 
early signs of graft dysfunction, monitoring of the highly sensitized patient will continue 
to evolve. 
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5.1. Economic considerations 

The USRDS reports the annual cost of maintaining a patient on dialysis is $70,000$/year and 
the cost of an uncomplicated transplant is $25,000 but improves to $17,000/year when the 
graft is functioning well. Schwartz et al. performed a resource utilization study on 40 ABOi 
transplants and compared them with match ABO compatible transplants. The graft survival 
was similar in both the groups but, as expected, there was an increased rate of rejection in 
incompatible group. The average cost of an ABO-incompatible living donor kidney 
transplant is approximately $38,000 more than that of conventional ABO-compatible living 
donor kidney transplant. The major areas contributing the high cost were nursing (due to 
increased length of stay), plasmapheresis treatments and pharmacy (rituximab dosing). 
However, this was much more cost effective when compared to long term maintenance 
hemodialysis [103]. The high costs of induction therapy, PP, and other immunomodulatory 
agents can significantly increase the cost of transplantation and must be considered when 
evaluating the cost-effectiveness of immunomodulation. A functioning graft over time will 
be more cost effective than remaining on hemodialysis but this needs to be further explored 
in the current era with expensive novel therapeutic options.  

5.2. Recommendations and alternatives 

Overall, if given the option, it would be best for a recipient to have an ABO and crossmatch 
compatible donor where additional therapies for immunomodulation are not required and 
the risk of acute and chronic rejection are lower. If a patient has an incompatible living 
donor, encouraging them to enroll in the KPD program can maximize their chances for a 
compatible donor. However, if the patient is not able to find a compatible donor within a 
reasonable time, histocompatibility data should be evaluated to identify options for 
transplantation with an incompatible donor given the benefits of transplantation over 
continuing dialysis therapy. Post transplantation, patients should be monitored closely for 
acute and chronic rejection using protocol biopsies as well as infectious complications. This 
type of approach is being utilized by many centers and we feel this approach will lead to the 
best outcome for a patient with an ABOi or crossmatch incompatible donor [104, 105]. 
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1. Introduction 

1.1. Historical Background of Induction Therapy 

The initial results of kidney transplantation were significantly affected by a high rate of 
acute rejection as well as significant perioperative morbidity. Historically, the 
armamentarium of the transplant physician consisted of glucocorticoids and azathioprine. 
Significant improvements in the science and understanding of kidney transplantation 
immunology have lead to the development of induction therapy agents. Early induction 
therapy agents possessed little specificity and delivered a broad spectrum of effects; 
however, their potent ability to prevent early acute rejection episodes led to their 
widespread use [1]. 

The extensive use of these formulations exposed their flaws. The cross-reactivity with 
hematopoietic cells revealed dose-limiting side effects including thrombocytopenia, anemia, 
and neutropenia [2, 3]. Moreover, the lack of standardized preparation led to variations in 
dosing. In addition, these formulations had significant antigenic properties as a result of 
using horse or rabbit based formulations, which lead to significant side effects, such as 
serum sickness, cytokine release syndrome, or even anaphylaxis [4-6].  

The development of specific, monoclonal antibodies by Kohler and Milstein circumvented 
many of the drawbacks of polyclonal formulations, including lack of specificity and 
variability in preparation [7]. Muromonab, or OKT3, was the first monoclonal antibody 
prepared from mouse specific for cluster of differentiation 3 (CD3) [8]. OKT3 was effective at 
specifically depleting T cells from the circulation, and became widely used as a valuable tool 
to combat acute rejection episodes [9, 10]. Nevertheless, these monoclonal formulations still 
maintained some of the similar side effect profile of the polyclonal formulations, including 
an antigenic response to the protein or cytokine release syndrome, which lead to limited 
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1. Introduction 

1.1. Historical Background of Induction Therapy 
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therapy agents possessed little specificity and delivered a broad spectrum of effects; 
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widespread use [1]. 
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dosing. In addition, these formulations had significant antigenic properties as a result of 
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variability in preparation [7]. Muromonab, or OKT3, was the first monoclonal antibody 
prepared from mouse specific for cluster of differentiation 3 (CD3) [8]. OKT3 was effective at 
specifically depleting T cells from the circulation, and became widely used as a valuable tool 
to combat acute rejection episodes [9, 10]. Nevertheless, these monoclonal formulations still 
maintained some of the similar side effect profile of the polyclonal formulations, including 
an antigenic response to the protein or cytokine release syndrome, which lead to limited 
dosing in some patients [11]. 
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The 1980’s marked an important era in transplantation with new advances in genetic 
engineering. Monoclonal antibodies became more sophisticated, targeting specific T cell 
populations and allowing blockade of T cell activation, such as the interleukin 2 receptor (IL-2R) 
or CD25 [12]. Moreover, the ability to avoid antigenic proteins by encoding genetic sequences of 
DNA binding sites of animal proteins onto human antibodies led to the development of 
chimeric monoclonal antibodies [13-15]. Using these techniques, soluble fusion proteins can be 
formed by merging nonantibody receptors with the Fc portion of antibodies. 

1.2. Antibodies 

Understanding the structure and function of antibodies is critical to understanding the 
efficacy of antibody induction therapy. Antibodies are composed of two identical heavy 
chains (either µ, γ, α, ε, or δ) and two identical light chains (either κ or λ). The heavy and 
light chain portions create two identical antigen binding sites (Fab fragment) which are held 
together by the common region, termed the Fc portion [16]. The type of heavy chain 
differentiates the immunoglobulin type as IgM, IgG, IgA, IgE, and IgD. In clinical 
transplantation, the IgG molecule is typically utilized, as it’s readily produced and 
structurally feasible to manipulate (Fig. 1). 

 
Figure 1. Basic antibody structure. Depicted is a standard IgG molecule. The heavy chains are colored 
in blue, while the light chains are colored in green. The yellow lines signify the disulfide bonds. 

Antibodies are present on the surface of B cells. Upon secretion into the serum, antibodies 
are able to neutralize circulating antigens. Antibodies maintain their effector functions 
irrespective of species. Antibodies are capable of various functions, including mimicking 
activating ligands of receptors and serving as receptor inhibitors by blocking the ligand 
binding site [17, 18]. In some instances, antibody binding can lead to both activation and 
inhibition by inducing surface molecule internalization, whereby the molecule is removed 
from the surface of the cell [19]. This results in a negligible net effect. A major limitation of 
antibody use is the inability to directly bind intracellular molecules. 

Antibodies have the ability to deplete target cells through two basic mechanisms. First, 
antibodies can activate the complement system resulting in complement-mediated lysis of 
target cells. Second, certain cells with Fc region receptors have the ability to phagocytose 
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cells covered with antibodies through a mechanism termed antibody-dependent cellular 
cytotoxicity (ADCC) (Fig.2). The efficacy with which this occurs depends upon the Fab 
fragment and the Fc region [20]. It is important to note that cells which have significantly 
matured, or memory cells, are somewhat resistant to antibody-dependent depletion 
mechanisms, possibly due to increased expression of anti-apoptotic or complement 
regulatory genes [21]. 

 
Figure 2. Antibody-dependent cellular cytotoxicity (ADCC). The Fc receptor on the macrophage is used 
to bind the constant Fc portion of antibodies to facilitate engulfment of cells coated with antibodies. 

1.3. Classifying induction therapy agents 

Induction therapy agents can be classified into two groups: depleting agents and non-
depleting agents (Table 1). This distinction is based on the ability to target specific antigens 
or cells, leading to a decrease in the total expression or cell count. Most depleting agents are 
relatively potent with potential for toxicity with prolonged administration, while non-
depleting agents are generally well-tolerated. In addition, the use of induction therapy 
agents has decreased the rates of acute rejection in the first 6 months compared to no 
induction therapy [22]. Although these short-term benefits appear promising, long-term 
outcomes, including patient and graft survival rates, have not been shown to be altered by 
the use of induction therapy, possibly the effect of long-term maintenance 
immunosuppressive therapy or even patient co-morbidities. 

The overall success of a kidney transplant is contingent on both surgical technique and 
potent immunosuppressive medications. Although induction therapy has not affected 
surgical morbidity, the rate of allograft thrombosis has been shown to be reduced in 
children with the use of induction agents [23, 24]. However, not all medications used are 
FDA-approved for induction therapy. Additionally, these medications are not without risks, 
including infectious complications and the development of post-transplant 
lymphoproliferative disorder (PTLD), which has been well-described with the use of OKT3 
and maintenance immunosuppression [25, 26]. Because of the effects of depleting agents on 
T cells, appropriate infectious prophylaxis should be instituted for all transplant recipients. 

In 1995 induction therapy was used in less than half of all kidney transplants in the United 
States, while 10 years later, approximately 70% of all kidney transplant recipients received 
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Agent Clonality Targets Dosing Halflife Duration of 
effects 

Cytokine 
Release 
Syndrome? 

rATG1 Polyclonal Various immune 
targets, especially 
T cells 

Multiple doses 
(POD2#0-4) 

29.8-37.7 
days 

Months to 
years 

Yes 

Basiliximab Monoclonal CD25 
(predominantly 
activated T cells) 

2 doses 
(POD2#0 & 4) 

7.2 days Weeks No 

Daclizumab Monoclonal CD25 
(predominantly 
activated T cells) 

Multiple doses 
(POD2#0, then 
every 2 weeks) 

20 days Weeks No 

Alemtuzumab Monoclonal CD52 (naïve T 
cells, some B cells, 
and monocytes) 

Typically 1 dose 
(POD2#0) 

12 days Months to 
years 

Yes (less 
than rATG1) 

1rabbit Antithymocyte globulin, 2post operative day 

Table 1. Pharmacological Comparison of Induction Therapy 

induction therapy [27]. Given the availability of various potent, specific induction agents in 
modern transplantation, the clinical dilemma lies in selecting the most appropriate agent for 
a given patient, taking into account co-morbidities, donor quality, immunological status, 
and planned immunosuppression maintenance therapy. 

2. Induction therapy agents 

2.1. Depleting agents 

2.1.1. Rabbit Antithymocyte globulin (rATG) 

2.1.1.1. Mechanism of Action 

Rabbit antithymocyte globulin (rATG) is a polyclonal heterologous antibody produced from 
immunizing rabbits with human thymocytes, which serve as the immunogens (Fig. 3) [28]. The 
rabbit serum is then gathered and purified to remove antibodies with potentially detrimental 
effects and only the IgG isotypes are collected. Despite these purification techniques, it is 
possible that the majority of antibodies in these formulations serve no therapeutic purpose [29, 
30]. When administered to humans, the rATG antibody formulations bind all antigens that the 
rabbits were exposed to during the immunization process. 

rATG binds multiple T cell surface antigens and receptors involved in antigen recognition, 
adhesion and costimulation, including CD2, CD3, CD4, CD5, CD8, CD28, CD45, and CD40L. 
In addition, rATG may also bind non-T cell molecules such as CD16, CD20, CD56, and the 
major histocompatibility molecules (class I and II) [28-30]. The depleting effect of rATG 
occurs within 24 hours of administration and can persist with a prolonged serum half-life of 
several weeks [31, 32]. The effects of lymphocyte depletion are persists for years following 
administration, as evidenced by selectively low CD4+ T cell counts [33, 34]. 
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Figure 3. Polyclonal antibodies. Polyclonal antibodies are non-specific and bind multiple antigens as 
shown in the figure. 

2.1.1.2. Clinical applications 

rATG has been approved for use as an induction agent and for the treatment of acute 
rejection in Europe since 1984 [35]. However, in the United States, it is only indicated for the 
treatment of acute rejection. Nevertheless, it is routinely administered as induction therapy 
in many centers in the United States. Although early studies demonstrated an increased 
infectious risk and post-transplant malignancy when administered in conjunction with 
cyclosporine [36], improvements in infectious prophylaxis and lower doses have 
significantly alleviated these risks. 

rATG administration improves early outcomes in kidney transplantation. Although the exact 
mechanism leading to this is unclear, rATG may minimize ischemia-reperfusion injury and 
potentially prevent the development of delayed graft function, which has been associated with 
poorer outcomes [37]. rATG has been used in patients at higher risk of developing delayed 
graft function, including recipients of donation after cardiac death donors, and recipients of 
extended criteria donors [38-40]. It is also administered in patients at higher immunologic risk, 
such as retransplants. Finally, it may help minimize the need for maintenance 
immunosuppression therapy facilitating early corticosteroid withdrawal [40, 41]. 

2.1.1.3. Adverse effects 

Patients treated with rATG may experience a variety of side effects. It has been associated 
with a syndrome called cytokine release syndrome (Fig. 4), which is common to many 
polyclonal antibody formulations. Patients may experience mild flu-like symptoms, such as 
fever, chills, nausea, urticaria, rash, and headache [32]. This occurs as a result of increased 
production of tumor necrosis factor-α, IL-1, and IL-6 [28, 32, 42]. Premedication with 
corticosteroids, antipyretics, and antihistamines can prevent or treat these flu-like 
symptoms. In some cases, patients may develop more severe shock-like reactions, such as 
dyspnea, severe hypotension, pulmonary edema, or even anaphylaxis. Although patients 
frequently experience the mild flu-like symptoms and not the more severe reactions, 
recipient co-morbid conditions, such as cardiac or pulmonary disease, should be considered 
when selecting rATG as an induction agent. Serum sickness has also been associated with 
rATG administration in up to 7-10% of patients [43, 44]. 
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Figure 4. Antibody activation and cytokine release. Antibodies can bind antigens resulting in activation 
of the cell and cytokine release as illustrated in the figure. 

Hematological adverse events may occur, including leucopenia and thrombocytopenia. It is 
important to monitor white blood cell, lymphocyte, and platelet counts daily. Effectively, these 
adverse events may lead to an increase in infectious complications, including cytomegalovirus 
(CMV), herpes simplex virus, Epstein-Barr virus (EBV), and varicella [45, 46]. 

2.1.2. Alemtuzumab 

2.1.2.1. Mechanism of action 

Alemtuzumab, or Campath-1H, is a monoclonal antibody to rat antihuman CD52 (Fig. 5). It is 
an IgG1 humanized molecule [47]. CD52 is present in high abundance on most lymphocytes, 
including T cell, B cells, and monocytes, but not hematopoietic precursors [48]. It effectively 
depletes T cells, and some B cells and monocytes in the circulation as well as the allograft [49]. 

 
Figure 5. Monoclonal antibodies. Monoclonal antibodies are specific and bind a single antigen as 
shown in the figure. 

2.1.2.2. Clinical applications 

Alemtuzumab has not been approved for use as an induction agent; however, this is a 
common off-label use. At this time, it is only approved to treat lymphogenous malignancies. 
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As an off-label induction agent, it’s been used with various immunosuppression regimens, 
including steroid-sparing regimens. Effectively, it depletes lymphocytes at the time of 
transplantation and last for several months to a year before the immune system is 
reconstituted [50]. Alemtuzumab is given at a dose of 30 mg or 0.3 mg/kg through a 
peripheral line over 3 hours. Sometimes 2 doses are given, although T cells are expectedly 
removed within 1 hour of initial administration [21, 49].  

Alemtuzumab depletes all T cell subsets, but has a predilection for more naïve T cells [21]. 
Memory T cell subsets may not be depleted with this therapy, but these cell types are 
especially susceptible to calcineurin inhibitors. Because of the prompt and intense depletion, 
alemtuzumab is especially appealing to use in patients with delayed graft function, as 
calcineurin inhibitor therapy can be withheld to avoid concomitant calcineurin-induced 
renal insults. 

Early studies of alemtuzumab demonstrated its efficacy as a treatment therapy for acute 
rejection; however, it was associated with significant infectious morbidity and mortality 
[47]. Patients were significantly over-immunosuppressed, especially on a triple maintenance 
therapy. More recent literature has been small studies or anecdotal data [51-53]. Because its 
efficacy is greatest against naïve T cells, its use in sensitized patients may-be limited.  

In a recent study, alemtuzumab was prospectively compared to basiliximab and rATG as an 
induction agent in patients on a steroid-sparing immunosuppressive regimen [54]. 
Alemtuzumab demonstrated lower short-term rates of acute rejection compared to 
basiliximab in patients at low-risk of developing acute rejection. At 3-years, however, the 
rates of acute rejection were no different between alemtuzumab and rATG. Patients 
receiving alemtuzumab did not experience an increased incidence of adverse events. 

2.1.2.3. Adverse effects 

Similar to rATG, alemtuzumab has been associated with cytokine release syndrome, but to a 
lesser extent. With adequate premedication with methylprednisolone, acetaminophen, and 
diphenhydramine, the cytokine release is blunted. Rash is one of the most common 
manifestations, while anaphylaxis and hypotension have been reported. It has been linked 
to the development of autoimmune thyroiditis in patients treated with alemtuzumab for 
multiple sclerosis [55]. This has also been reported in a renal transplant recipient treated 
with alemtuzumab [56]. 

2.2. Non-depleting agents 

2.2.1. Basiliximab 

2.2.1.1. Mechanism of action 

Basiliximab is a chimeric mouse-human monoclonal IgG1 antibody to CD25, the α-subunit 
of the IL-2 receptor. Basiliximab inhibition of IL-2 binding occurs through steric hindrance 
(Fig. 6). Effectively, basiliximab causes prevention of early T cell activation, as opposed to T 
cell depletion [50].  
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2.2.1.1. Mechanism of action 
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2.2.1.2. Clinical applications 

Basiliximab targets naïve T cells, limiting its role to induction therapy. The first dose is 
administered on the day of transplant with the final dose administered on postoperative day 
4 (20 mg per dose) via a peripheral line. Its use has been associated with decreased rates of 
acute cellular rejection compared to no formal induction agent on either triple or double 
drug immunosuppression regimens [57, 58]. Additional studies comparing basiliximab 
induction to polyclonal antibody depleting induction agents in the setting of triple 
maintenance immunosuppression regimens have shown similar outcomes with respect to 
acute rejection rates and delayed graft function [59, 60]. Basiliximab induction therapy has 
been successfully used in steroid avoidance immunosuppression regimens [61]. In the 
setting of monotherapy or calcineurin inhibitor free regimens; however, basiliximab has not 
been shown to be effective in preventing early immunologic events [62, 63]. In cases of 
excellent human leukocyte antigen (HLA)-matching (i.e. 2-haplotype matches), it’s been 
used as an effective induction agent with steroid avoidance immunosuppressive regimens 
[61]. Given the relatively mild side effect profile, basiliximab is well-tolerated in all patients, 
even those with significant cardiac or pulmonary co-morbidities. 

2.2.1.3. Adverse effects 

The side effect profile of basiliximab is relatively mild [57, 58]. Because of the lack of T cell 
activation or stimulation, cytokine release syndrome does not occur. The most serious 
adverse event is hypersensitivity, which is rare (<1%) [50]. There is no increased risk of 
infectious complications or PTLD compared to no induction therapy [64]. 

 
Figure 6. Antibody blockade. In this figure the antibody functions by blocking the antigen from binding 
to the receptor. 

2.2.2. Daclizumab 

2.2.2.1. Mechanism of Action 

Daclizumab, like basiliximab, is a CD25 antagonist; however, it is a humanized IgG1 
antibody. The CD25 molecule was the first humanized monoclonal antibody to be 
successfully targeted in the field of transplantation [65]. The mechanism of action of 
daclizumab essentially duplicates that of basiliximab. 
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2.2.2.2. Clinical applications 

Daclizumab has been shown to decrease the incidence of acute cellular rejection when 
administered as an induction agent [66, 67]. Given the favorable side effect profile, it is well 
tolerated, irrespective of co-morbid conditions. The main disadvantage of daclizumab, as 
compared to basiliximab, is that it is more costly and requires repeated administrations [50]. 
Given the low demand for the medication, it has been discontinued by the manufacturer. 

2.2.2.3. Adverse effects 

The generally favorable side effect profile resembles that of basiliximab. Cytokine release is 
not typically associated with this agent [66, 67]. Like basiliximab, the risk of infectious 
complications or PTLD is not significantly increased with use [64]. 

3. Desensitizing agents 

3.1. Rituximab 

3.1.1. Mechanism 

Rituximab is a monoclonal chimeric antibody to the CD20 molecule. CD20 is a glycoprotein 
on the cell surface of circulating, mature B cells. Rituximab effectively depletes CD20+ cells 
from the circulation by inducing apoptosis [68]. These cells are precursors to antibody-
producing plasma cells, and their role in transplantation is only partially characterized. 
They may play a role in acute rejection, as B cells can act as antigen presenting cells. 

3.1.2. Applications 

Rituximab is approved for use in various lymphomas, leukemias, PTLD, and rheumatoid 
arthritis [50, 69]. Peripheral veins can be used for administration and dosing is dependent on 
the indication. A recent study examining the role of rituximab as an induction agent found 
no benefit compared to placebo [70]. However, it does play a role as a desensitizing agent in 
patients with preformed donor specific antibodies (DSA), in conjunction with total 
plasmapheresis and/or intravenous immunoglobulin (IVIG) [71, 72]. 

Additionally, it has been used to aid in transplanting across blood group barriers in donor 
recipient pairs and in patients with positive crossmatches following antibody elimination. 

Rituximab is increasingly being used to treat episodes of vascular rejection and antibody 
mediated rejections [73, 74]. Finally, rituximab is a proven and effective agent in the 
treatment of PTLD [75]. Administration does not replace immunosuppression reduction or 
chemotherapy, but rather supplements the other modalities. 

3.1.3. Adverse effects 

Rituximab is generally well-tolerated with minimal side effects. Anaphylaxis remains a 
theoretical concern, as is the case with most agents. Reports on infectious complications 
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related to rituximab have been variable [76-78]. In some instances there was no difference in 
bacterial, viral, or fungal infections in kidney transplant recipients treated with rituximab, 
however, this remains controversial. 

3.2. Bortezomib 

3.2.1. Mechanism 

Bortezomib is a proteasomal inhibitor that causes apoptosis of plasma cells. It binds the 26S 
subunit of the proteasome [79]. Proteasome inhibition ultimately leads to apoptosis during 
mitosis. Bortezomib selectively causes apoptosis in CD138+ plasma cells [80]. Additionally, 
Bortezomib may block T cell cycling and decrease the number of circulating B cells by 
reducing bone marrow levels of IL-6 [81]. 

3.2.2 .Applications 

Bortezomib has not been approved for use in kidney transplantation; however, it has been 
used in sensitized patients [80]. Bortezomib has been successfully used to decrease DSA 
levels, which may play a role in acute antibody-mediated rejection (AMR) Induction 
Therapy in Renal Transplant Recipients [82]. Furthermore, in vivo data has demonstrated a 
decrease in the percentage of bone marrow plasma cells, antibody production, and 
allospecificities of plasma cells in bone marrow aspirates of patients treated with bortezomib 
i in the setting of AMR [80]. 

3.2.3. Adverse events 

Bortezomib has been associated with various side effects. Although gastrointestinal side 
effects are the most common, peripheral neuropathy has also been reported, especially in 
patients with a pre-existing history of neuropathy [79]. Moreover, myelosuppression and 
shingles has been reported. 

3.3. Intravenous Immunoglobulin (IVIG) 

3.3.1. Mechanism 

Intravenous immunoglobulin, or IVIG, is pooled polyclonal antibodies from different 
human donors. These are high-dose human IgG fractions with a wide range of specificities. 
These are non-T cell specific formulations and have no specific cell targets [83]. It is able to 
bind activated complement components or even inhibit complement activation [84]. IVIG 
may also modulate the alloimmune response by binding to the Fc receptor of antigen-
presenting cells, effectively quelling the alloimmune response [85]. 

3.3.2. Applications 

Despite the inability to deplete T cells, IVIG is an effective treatment of acute cellular 
rejection. Early studies showed that IVIG was as effective as OKT3 in reversing steroid 
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resistant acute rejection episodes [86]. In the setting of antibody-mediated rejection, IVIG 
has been shown to be beneficial when used in conjunction with plasmapheresis and/or 
rituximab [87-88]. As a desensitization agent alone, no study has demonstrated a clear 
benefit [88, 89]. Definitive reduction of antibody was not shown and a survival advantage 
was not evident. 

3.3.3. Adverse effects 

The side-effect profile of IVIG increases with dosing. High-dose IVIG is associated with 
more infusion-related complications, such as headache, thrombotic incidents, hemolysis, 
bronchospasms, osmotic nephropathy, or even aseptic meningitis [83, 90]. Sucrose-based 
and high osmolality products have a higher risk of developing osmotic nephropathy as 
opposed to other preparation. Nevertheless, it is typically well-tolerated, especially at lower 
doses and most patients report only headache. 

4. Maintenance immunosuppression regimens 

4.1. Historical background 

The initial transplant armamentarium consisted only of azathioprine and steroids for 
maintenance immunosuppression in renal transplantation until the 1980’s, when the first 
calcineurin inhibitor, cyclosporine became available. Over the next 20 years, azathioprine 
had been largely replaced by mycophenolate (MMF), an antiproliferative agent. Standard 
therapy in most modern immunosuppression regimens now consists of a calcineurin 
inhibitor, mycophenolate, with or without steroid maintenance. 

Minimizing global immunosuppression in the modern era of transplantation has become an 
important goal. The use of induction therapy has allowed for steroid avoidance 
immunosuppression regimens. The goal of steroid avoidance immunosuppression is to 
decrease the negative cardiovascular profile associated with long-term administration of 
steroids. Specifically, steroid-free regimens should decrease the negative effects on blood 
pressure control as well serum glucose and lipid metabolism [91]. Moreover, the leading 
cause of death in kidney transplant patients is cardiovascular events [92]. 

4.2. Steroid maintenance versus withdrawal 

Advocates of steroid-maintenance regimens suggest that steroids may allow for lower doses 
of calcineurin inhibitors, such as cyclosporine or tacrolimus. Moreover, steroids may 
decrease the incidence of nephrotoxicity perioperatively. However, there has been 
insufficient data to support either conclusion [93]. 

The effectiveness of steroid-withdrawal and cyclosporine-based therapy has been clearly 
associated with timing. Early studies of cyclosporine-based regimens demonstrated that 
cessation of steroids prior to the 6 month period post-transplantation increased the risk of 
acute rejection [94]. Furthermore, a meta-analysis of seven randomized-controlled trials of 
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steroid avoidance and/or withdrawal demonstrated an increased risk of acute rejection with 
steroid avoidance or early withdrawal (most steroids were withdrawn in the first 3 months 
post-transplant) [95]. However, patient and graft survival were not adversely affected in the 
meta-analysis.  

The ability to withdrawal steroids appears to be better with tacrolimus-based 
immunosuppression regimens. An early report by Shapiro et al. demonstrated that patients 
receiving tacrolimus and steroid-sparing immunosuppression had excellent early and 
intermediate-term patient and graft survival compared to kidney transplant recipients 
receiving standard steroid-maintenance immunosuppression [96]. Later, various 
randomized-controlled trials were undertaken to assess the initial outcomes. A meta-
analysis of six randomized, controlled-trials comparing a calcineurin inhibitor-based 
immunosuppression regimen with MMF demonstrated a slightly increased risk of acute 
rejection once steroids were discontinued; however, this did not affect the incidence of graft 
failure [97]. Shortly thereafter, a randomized trial from Europe assigned low immunologic 
risk patients to receive either triple immunosuppression with tacrolimus, MMF, and 
steroids, a tacrolimus-based steroid withdrawal regimen, or a tacrolimus-based steroid-
maintenance regimen without MMF [98]. At 6 months, the incidence of acute rejection was 
not different between the groups. Furthermore, the steroid withdrawal group benefited 
from an improved lipid profile. Kumar et al. reported on a series of 300 kidney transplant 
recipients receiving basiliximab induction therapy followed by steroid maintenance or 
withdrawal at 2 days post-transplant [99]. Maintenance therapy for all patients consisted of 
a calcineurin inhibitor and MMF or sirolimus. At 3 years, the incidence of biopsy-proven 
acute rejection, patients and graft survival, chronic allograft nephropathy, or graft function 
was not significantly different. Moreover, the steroid withdrawal group benefited from a 
lower rate of new-onset diabetes after transplantation. 

Successful avoidance of steroids is contingent upon the use of calcineurin inhibitors. In 2006 
Gelens and colleagues performed a single-center, randomized, trial of three parallel groups, 
which were: tacrolimus and sirolimus (group one), tacrolimus and MMF (group two), and 
sirolimus and MMF with daclizumab induction [100]. During an interim analysis when 50% 
of the patients were included, group one had a significantly increased rejection free survival 
(82%) compared to group three (34%, P=0.03) and between groups one and two (tacrolimus-
based, 76%) and group three (34%, P=0.04). The study was halted prematurely. Despite the 
current armamentarium of antibody-depleting medications, steroid withdrawal seems 
feasible only with a calcineurin inhibitor-based regimen. 

4.3. Induction therapy and steroid withdrawal 

The possible minimization of maintenance immunosuppression has been studied using 
basiliximab and rATG without compromising allograft outcomes. In the Astellas Steroid 
Withdrawal Study, patients assigned to the steroid-withdrawal arm and treated with rATG 
experienced a lower cumulative incidence of biopsy-proven acute rejection at 5 years 
compared to patients treated with basiliximab [101]. Selection bias; however, may have 
marred this study, given that the investigators selected which antibody induction agent was 
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used. Our transplant center’s experience utilizing induction therapy to enable steroid 
withdrawal has been very successful in a diverse population, using rATG in the majority of 
patients [102] and basiliximab in well-matched living donor recipients [61]. In a study by 
Cantarovich et al., patients administered rATG and steroid-maintenance 
immunosuppression had significantly lower acute rejection rates compared to patients on a 
steroid-free immunosuppression regimen, although the incidence of malignancy, de novo 
diabetes, and hyperlipidemia were higher in steroid-maintenance group [103]. Patient 
survival, graft survival, and infection rates were not significantly different between the two 
groups at 1 year.  

Alemetuzumab and steroid-free regimens have been compared to both basiliximab and 
rATG. In the study by Hanaway et al., acute rejection rates were relatively low in low-risk 
patients receiving alemtuzumab compared to basiliximab, although the reduced 
immunologic risk profile of alemtuzumab was not evident in high risk patients treated with 
rATG [54]. The overall rate of adverse events with alemtuzumab was similar to that of 
basiliximab or rATG over the 3 year study period (53% versus 50%, respectively; p=0.46). 
Moreover, the rate of cardiovascular events of all alemtuzumab treated patients compared 
to basiliximab or rATG was also similar (7% versus 10%, respectively; p=0.26), although the 
similarity was less evident in the high-risk immunologic group treated with rATG 
compared to alemtuzumab (12% versus 3%, respectively; p=0.06). Cai et al. analyzed the 
United Network for Organ Sharing registry and found that recipients of alemtuzumab in 
conjunction with steroid-maintenance therapy had the lowest risk of graft failure, while 
patients administered an interleukin-2 receptor antagonist on a steroid-free 
immunosuppression regimen had the highest risk of graft failure [104]. In a single-center, 
open-label randomized trial of 200 kidney transplant recipients, low dose dual induction 
therapy of rATG and daclizumab was compared to lose dose dual therapy of rATG and 
alemtuzumab in patients maintained on steroid-free maintenance immunosuppression 
[105]. Patient and graft survival rates as well as acute rejection and infectious complication 
rates were not significantly different. In addition, no patient developed post-transplant 
lymphoproliferative disorder. 

5. New and experimental agents 

5.1. Siplizumab (MEDI-507) 

Originally described as BTI-322, siplizumab is a monoclonal humanized antibody to CD2. It is 
an IgG1k molecule derived from rat [106]. CD2, or lymphocyte function-associated antigen-2 
(LFA-2) is an important T cell adhesion molecule that binds to CD58, or LFA-3. This is a 
transmembrane signal transduction molecule that facilitates T cell receptor binding. Early 
studies examined the use of siplizumab as an induction agent and treatment modality for 
acute rejection in solid organ transplantation as well as graft-versus-host disease [106, 107]. 
The first human study of siplizumab demonstrated the safety and feasibility in kidney 
transplantation, as compared to placebo; however, current endeavors are focused on 
investigating its use in nonmyeloablative conditioning regimens to achieve mixed chimerism 
[106, 108, 109]. In addition, it is being investigated for the treatment of plaque psoriasis [110]. 
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used. Our transplant center’s experience utilizing induction therapy to enable steroid 
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conjunction with steroid-maintenance therapy had the lowest risk of graft failure, while 
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[105]. Patient and graft survival rates as well as acute rejection and infectious complication 
rates were not significantly different. In addition, no patient developed post-transplant 
lymphoproliferative disorder. 

5. New and experimental agents 

5.1. Siplizumab (MEDI-507) 

Originally described as BTI-322, siplizumab is a monoclonal humanized antibody to CD2. It is 
an IgG1k molecule derived from rat [106]. CD2, or lymphocyte function-associated antigen-2 
(LFA-2) is an important T cell adhesion molecule that binds to CD58, or LFA-3. This is a 
transmembrane signal transduction molecule that facilitates T cell receptor binding. Early 
studies examined the use of siplizumab as an induction agent and treatment modality for 
acute rejection in solid organ transplantation as well as graft-versus-host disease [106, 107]. 
The first human study of siplizumab demonstrated the safety and feasibility in kidney 
transplantation, as compared to placebo; however, current endeavors are focused on 
investigating its use in nonmyeloablative conditioning regimens to achieve mixed chimerism 
[106, 108, 109]. In addition, it is being investigated for the treatment of plaque psoriasis [110]. 
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5.2. Alefacept 

Alefacept is a dimeric fusion protein (Fig.7) constituted from LFA-3 and the human Fc 
portion of IgG1. Studies have demonstrated inhibition of T cell proliferation and depletion 
of effector memory T cells [111, 112]. Currently, alefacept is approved to treat plaque 
psoriasis. Preclinical studies in nonhuman primates have demonstrated a survival benefit of 
alefacept, when used in conjunction with costimulatory blockade, but not alone; however in 
human trials have never shown a benefit [113]. 

 
Figure 7. Mimicry. In this figure, the antibody is fused with a protein structural similar to the intended 
antigen, which can serve as activating or inhibitory. 

5.3. Costimulatory blockade 

5.3.1. Abatacept 

Abatacept is a recombinant cytotoxic T-lymphocyte antigen 4 (CTLA4) fused with the Fc 
portion of IgG1 [114, 115]. Animal models demonstrated its ability to delay or even prevent 
the onset of allograft rejection, which is comparable to basiliximab and some polyclonal 
antibody therapies [114-116]. It has been approved for treatment of rheumatoid arthritis 
[117, 118]. Further investigations of this medication are not currently under development. 

5.3.2. Belatacept 

Belatacept is the improved version of abatacept, providing selective blockade of T cell 
activation as a fusion protein. Two amino acids have been changed to improve dissociation 
rates when binding to CD80 and CD86 [119, 120]. In the phase II trial comparing belatacept 
to cyclosporine, acute rejection rates were similar, while allograft function was significantly 
improved in patients receiving belatacept [119]. In the phase III trial of kidney 
transplantation, patients receiving belatacept experienced improved allograft function at 12 
months; however, acute rejection rates and severity of acute rejection episodes were 
significantly higher in the belatacept arm of the study. Additionally, the incidence of PTLD 
was greater in patients receiving belatacept [120]. An additional study investigating the 
efficacy of belatacept in kidney transplantation of extended criteria donors demonstrated 
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similar results, with a predilection towards central nervous system (CNS) forms of PTLD 
[121]. The novelty of costimulation blockade is the ability to avoid calcineurin inhibitors, 
especially in allografts at increased risk of delayed graft function. Belatacept has recently 
been approved for the prophylaxis of organ rejection in adult patients receiving a kidney 
transplant, in combination with basiliximab induction, mycophenolate mofetil, and 
corticosteroids [122]. Current recommendations include using it only in patients who are 
EBV seropositive; however, patients should be monitored for an increased risk of infectious 
complications and Progressive Multifocal Leukoencephalopathy. 

5.4. Eculizumab 

Recently, a new medication called eculizumab has emerged as a humanized monoclonal 
antibody to complement component 5 (C5) to mediate complement-mediated injury [123]. 
Blocking complement activation, especially the last step of the complement cascade, has 
important implications in kidney transplantation. However, the role of eculizumab appears 
to be more applicable to cases of clear complement-mediated destruction, such as antibody-
mediated rejection and desensitization protocols [124]. Furthermore, the logistics of 
administration may further hinder its’ use as a maintenance immunosuppression agent, as it 
must be administered biweekly or weekly intravenously at least for the first 1-2 months 
upon initiation of therapy. Currently, it is only approved for the treatment of patients with 
paroxysmal nocturnal hemoglobinuria [123]. 
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1. Introduction 

Kidney transplantation is a relatively young field within medicine which continues to 
experience rapid advances in several areas. The number of immunosuppressive medications 
available to prevent and treat immunologic rejection of the transplanted organ has increased 
significantly since the late 1990’s, however, there continues to be a great need for developing 
novel, less toxic medications. The fine balance between over- and under-
immunosuppression is difficult to achieve in many transplant recipients, particularly as 
candidacy for kidney transplantation has expanded to include the elderly, patients with HIV 
and/or Hepatitis C infection, and sensitized transplant candidates. The relationship between 
infection and rejection remains closely intertwined, and can be a vicious cycle, with 
reduction of immunosuppression to manage infection potentially triggering rejection, and 
increased immunosuppression in the setting of rejection potentially leading to infectious 
complications. This chapter will focus on post-transplant complications resulting from over-
immunosuppression, specifically infection and malignancy.  

2. Infection  

The occurrence of infection after transplantation is a significant determinant of transplant 
outcome [1]. The incidence of infections after solid-organ transplantation is dependent on 
several factors, including the degree of immunosuppression, the type of organ transplanted, 
technical or surgical complications, need for additional antirejection therapy, environmental 
exposures, and the time frame after transplantation. A comprehensive list of factors 
contributing the ‘net state of immune deficiency’ can be found in reference [2]. Most recent 
United States data shows that infectious complications cause 20.9% of kidney transplant 
recipient death with a functioning allograft [3]. Infection also accounts for a significant 
proportion of death-censored graft loss, accounting for 7.7% of graft losses in the U.S. 
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between 1990 and 2006 [4]. Using the leading cause of allograft loss, chronic rejection as a 
reference, risk factors for infection-related graft loss included prior acute rejection and 
utilization of any induction therapy. Older transplant recipients (> 65 years at transplant) 
had a higher risk of infection related graft loss (14.1%). In this series, the infections leading 
to graft loss were caused by infections associated with urological complications and 
polyomavirus associated nephropathy [4]. Other infections that directly contribute to death-
censored graft loss include pyelonephritis and acute kidney injury in the setting of 
sepsis/critical illness.  

The occurrence of infection after transplantation usually falls within 3 general time frames: 
the first month, the second through the sixth month, and more than 6 months after 
transplantation [2, 5, 6]. Infections that occur during the first month after transplantation are 
generally the same nosocomial infections seen in non-immunosuppressed patients after 
surgery. These infections include bacterial and candidal urinary tract infection (UTI), 
wound/surgical site infections, catheter-related infections, and pneumonia.  

The period from the second to sixth month after transplantation is the time during which 
opportunistic infections “classically” associated with transplantation occur [1] , although the 
patterns have changed thanks to the availability of antimicrobial prophylaxis against some 
infections [2]. The most common infections during this period include cytomegalovirus 
(CMV), Pneumocystis (carinii) jiroveci, Aspergillus species, Nocardia species, Toxoplasmosis, 
Listeria monocytogenes, and fungal infections. In addition, reactivation of immunomodulating 
viruses will begin to manifest a clinically significant effect. These viruses include Epstein 
Barr virus (EBV), CMV, hepatitis B virus (HBV), hepatitis C virus (HCV), human 
herpesvirus type 6 (HHV-6), and human immunodeficiency virus (HIV) [1, 6]. Multi-drug 
resistant (MDR) bacteria such as Klebsiella, Pseudomonas, Acinetobacter, Staphylococcus, and 
Enterococcus can also be problematic during this period [5, 7-9].  

More than 6 months after transplantation, most transplant recipients (80%) are doing well 
[6], and can be classified into one of three risk groups [5]: 

1. Patients who have done well and immunosuppression is being tapered 
2. Patients who have required increased immunosuppression exposure due to rejection 
3. Patients at risk for late progressive viral reactivation (polyomavirus, CMV, HBV, HCV, 

HPV) 

The most common infections seen during this period mimic those seen in the general 
community [6]. Such infections include influenza virus, UTIs, and pneumococcal 
pneumonia. Although opportunistic infections are rarely observed during this time period, 
reactivation of varicella zoster virus (VZV) or CMV can occur. In addition, transplant 
recipients who have had multiple rejection episodes requiring additional antirejection may 
be predisposed to opportunistic infections more commonly seen 2 to 6 months after 
transplantation. It is recommended that patients being treated for acute rejection be placed 
back on opportunistic infection prophylaxis [10]. Transplant recipients experiencing chronic 
infection due to HBV, HCV, CMV, EBV, or HIV, resulting in a greater degree of morbidity, 
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are subsequently at an increased risk for other infections [1, 6]. In patients who undergo 
repeat transplantation, the typical timetable of infections may be altered. Infections 
characteristic of 1 of the 3 conventional time periods may occur simultaneously and with an 
increased severity [11]. In addition, modern immunosuppressive agents, as well as 
availability of prophylaxis against some infections has led to an altered timeline for many 
patients.  

Although not addressed in this chapter due to space constraints, transplant centers should 
be aware of the newer emerging infectious diseases that may affect transplant recipients 
[12]. This is also a great concern due to increasing rates of transplant tourism, where patients 
travel to foreign countries to receive a transplant and may be exposed to infectious 
complications not typically seen in their home country, where they will receive their follow-
up care. In addition, transplant recipients travelling for leisure should consult with a travel 
medicine specialist when possible [13].  

2.1. Bacterial infection 

Some of the most prevalent microbial pathogens observed after organ transplantation are 
bacteria. The specific bacterial infections that occur after transplantation can be divided into 
4 categories [14]: 

 Infections due to surgical or technical complications, 
 Infections related to prolonged hospitalization (nosocomial infections), 
 Infections associated with the degree of immunosuppression (opportunistic infections), 

and 
 Infections occurring months after transplantation when the transplant recipient resumes 

normal activity (community-acquired infections). 

Although transplant recipients are susceptible to common bacterial pathogens observed in 
normal hosts, the immunosuppressed state of the recipient after transplantation predisposes 
the patient to bacterial pathogens not commonly observed in the normal host. These 
opportunist pathogens include Legionella species, Nocardia species, Rhodococcus species, L 
monocytogenes, and Mycobacteria species. Following transplantation, disruption of anatomic 
barriers is commonly associated with bacterial infections. For instance, the upper airway is 
normally colonized with bacteria, and the lower respiratory tract is normally sterile. 
Endotracheal intubation creates a conduit between the upper and lower respiratory tract, 
introducing bacteria to the lower respiratory tract and resulting in disease of the bronchial 
tubes or lung parenchyma. Indwelling urinary and vascular catheters may become 
colonized with nosocomial bacteria or cutaneous flora and introduce these pathogens into 
the urinary tract, transplant kidney, or bloodstream. 

2.1.1. Urinary tract infection 

The most common infections occurring after kidney transplantation are UTIs, which may 
include asymptmatic bacteriuria, cystitis, and/or pyelonephritis. The reported incidence of 
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Listeria monocytogenes, and fungal infections. In addition, reactivation of immunomodulating 
viruses will begin to manifest a clinically significant effect. These viruses include Epstein 
Barr virus (EBV), CMV, hepatitis B virus (HBV), hepatitis C virus (HCV), human 
herpesvirus type 6 (HHV-6), and human immunodeficiency virus (HIV) [1, 6]. Multi-drug 
resistant (MDR) bacteria such as Klebsiella, Pseudomonas, Acinetobacter, Staphylococcus, and 
Enterococcus can also be problematic during this period [5, 7-9].  

More than 6 months after transplantation, most transplant recipients (80%) are doing well 
[6], and can be classified into one of three risk groups [5]: 

1. Patients who have done well and immunosuppression is being tapered 
2. Patients who have required increased immunosuppression exposure due to rejection 
3. Patients at risk for late progressive viral reactivation (polyomavirus, CMV, HBV, HCV, 

HPV) 

The most common infections seen during this period mimic those seen in the general 
community [6]. Such infections include influenza virus, UTIs, and pneumococcal 
pneumonia. Although opportunistic infections are rarely observed during this time period, 
reactivation of varicella zoster virus (VZV) or CMV can occur. In addition, transplant 
recipients who have had multiple rejection episodes requiring additional antirejection may 
be predisposed to opportunistic infections more commonly seen 2 to 6 months after 
transplantation. It is recommended that patients being treated for acute rejection be placed 
back on opportunistic infection prophylaxis [10]. Transplant recipients experiencing chronic 
infection due to HBV, HCV, CMV, EBV, or HIV, resulting in a greater degree of morbidity, 
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are subsequently at an increased risk for other infections [1, 6]. In patients who undergo 
repeat transplantation, the typical timetable of infections may be altered. Infections 
characteristic of 1 of the 3 conventional time periods may occur simultaneously and with an 
increased severity [11]. In addition, modern immunosuppressive agents, as well as 
availability of prophylaxis against some infections has led to an altered timeline for many 
patients.  

Although not addressed in this chapter due to space constraints, transplant centers should 
be aware of the newer emerging infectious diseases that may affect transplant recipients 
[12]. This is also a great concern due to increasing rates of transplant tourism, where patients 
travel to foreign countries to receive a transplant and may be exposed to infectious 
complications not typically seen in their home country, where they will receive their follow-
up care. In addition, transplant recipients travelling for leisure should consult with a travel 
medicine specialist when possible [13].  

2.1. Bacterial infection 

Some of the most prevalent microbial pathogens observed after organ transplantation are 
bacteria. The specific bacterial infections that occur after transplantation can be divided into 
4 categories [14]: 

 Infections due to surgical or technical complications, 
 Infections related to prolonged hospitalization (nosocomial infections), 
 Infections associated with the degree of immunosuppression (opportunistic infections), 

and 
 Infections occurring months after transplantation when the transplant recipient resumes 

normal activity (community-acquired infections). 

Although transplant recipients are susceptible to common bacterial pathogens observed in 
normal hosts, the immunosuppressed state of the recipient after transplantation predisposes 
the patient to bacterial pathogens not commonly observed in the normal host. These 
opportunist pathogens include Legionella species, Nocardia species, Rhodococcus species, L 
monocytogenes, and Mycobacteria species. Following transplantation, disruption of anatomic 
barriers is commonly associated with bacterial infections. For instance, the upper airway is 
normally colonized with bacteria, and the lower respiratory tract is normally sterile. 
Endotracheal intubation creates a conduit between the upper and lower respiratory tract, 
introducing bacteria to the lower respiratory tract and resulting in disease of the bronchial 
tubes or lung parenchyma. Indwelling urinary and vascular catheters may become 
colonized with nosocomial bacteria or cutaneous flora and introduce these pathogens into 
the urinary tract, transplant kidney, or bloodstream. 

2.1.1. Urinary tract infection 

The most common infections occurring after kidney transplantation are UTIs, which may 
include asymptmatic bacteriuria, cystitis, and/or pyelonephritis. The reported incidence of 
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UTI in kidney recipients is 7.3% to to 90% [15-18] with the variation likely due to differences 
in definitions of infection and prophylactic strategies. Predisposing factors include renal 
insufficiency, ischemic changes of the graft, decreased urine flow through the urinary 
epithelium, prolonged urinary catheterization, ureteral stenting, post-transplant diarrhea, 
and underlying medical conditions such as diabetes mellitus, female gender, urinary tract 
abnormalities, bladder dysfunction, and bladder outlet obstruction [17-20]. In pediatric 
kidney transplant recipients, age less than 5 at the time of transplant and lower urinary tract 
abnormalities may be risk factors for post-transplant UTI [21]. Studies analyzing whether 
the utilization of double-J ureteral stents during a kidney transplant procedure increases the 
risk of post-transplant UTI have produced conflicting results [22-24]. It has been suggested 
that a shorter duration (3 weeks versus 6 weeks) of ureteral stent placement may reduce the 
incidence of UTI [24].  

The most common pathogens implicated in UTIs include E. coli, Staphylococci, Enterococci, 
Enterobacter and Pseudomonas aeruginosa [20, 25]. Despite routine treatment of asymptomatic 
bacteriuria, patients still develop symptomatic cystitis and pyelonephritis, and recurrent 
asymptomatic bacteriuria has been shown to be an independent risk factor for transplant 
pyelonephritis [16]. Recurrent UTI can also contribute to inflammation and fibrosis of the 
allograft [16, 26]. Bloodstream infections, the majority (75%) of which were due to a urinary 
source (E. Coli in 50% of infections) have also been shown to lead to allograft failure (either 
directly or by causing death) and all-cause mortality [27]. It is recommended that all UTI’s in 
kidney transplant recipients be considered complicated, and thus short-term treatment 
regimens are not recommended [20].  

2.1.2. Clostridium difficile associated diarrhea and colitis 

Clostridium difficile associated diarrhea (CDAD) and C. difficile colitis are an increasingly 
important cause of morbidity and mortality after solid organ transplantation, with reported 
incidence of 0.5% to 16.0% of kidney transplant recipients [28-30]. CDAD tends to occur 
early in the post-transplant period, although later cases related to exposure to antibiotics or 
increased immunosuppression due to allograft rejection also occur. Transplant recipients are 
also at higher risk for fulminant C. difficile colitis as compared to the general population. 
CDAD is often difficult to eradicate completely, leading to recurrent infection, due to the 
fact that it is a spore forming bacterium.  

Risk factors for CDAD include older age, antimicrobial exposure, and rabbit anti-thymocyte 
globulin induction therapy [30, 31]. For patients developing fulminiant CDAD, risk factors 
identified include peak leukocyte count of 25,000/mm3 or greater and evidence of pancolitis 
on CT scan. For those developing fulminant CDAD, colectomy has been associated with 
improved patient and graft survival when compared to patients managed with medical 
therapy alone [30]. Medications that suppress gastric acid production, commonly used in 
transplant recipients, may also increase risk of CDAD [31].  

The most commonly utilized diagnostic test for CDAD is C. difficile toxin detection in the 
stool via ELISA [31]. Antimicrobial management of CDAD includes oral metronidazole (first 
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line for mild to moderate CDAD) or oral vancomycin (for severe CDAD), with intravenous 
(IV) metronidazole added in severe cases [31]. It is important to note that IV vancomycin 
does not penetrate the intestinal lumen, and is therefore ineffective for managment of 
CDAD. The removal or reduction in other antibiotics is an important adjunctive step. 
Surgery is often necessary in fulminant cases, in order to avoid colonic rupture. Other 
adjunctive therapies sometimes employed but with less supporting data include 
vancomycin enema, Lactobacillus probiotic supplementation, and intravenous immune 
globulin (IVIG) [5, 31]. An algorithm for management of patients with C. difficile infection 
can be found in reference [31].  

2.1.3. Tuberculosis 

Worldwide, the estimated incidence of tuberculosis (TB) (Mycobacterium tuberculosis) in 
kidney transplant recipients is 20 to 70 times that of the general population [32]. Treatment 
of active TB infection in transplant recipients is complicated due to drug interactions, 
antimicrobial resistance, and toxicity of the antimicrobials used for treatment of TB. 
Extrapulmonary involvement, atypical presentation, and limitations of the tuberculin skin 
test make diagnsois difficult. Although newer methods are available, which measure release 
of interferon  (such as Quantiferon Gold), more data is needed regarding utilization of 
these assays in kidney transplant candidates and recipients [33]. 

Identification of high risk patients (those living in endemic areas or those with prior 
infection or exposure) is essential in order to administer prophylaxis with isoniazid (INH). 
A meta analysis of INH prophylaxis in kidney transplant recipients found that the relative 
risk of TB infection was significantly reduced, while risk of toxicity (hepatitis) did not differ 
between patients that did or did not receive prophylaxis [33]. Current European [34] and 
U.S. [35] guidelines recommend 9 months of INH prophylaxis for those with latent TB 
infection, however, the optimal timing of prophylaxis is unclear, particularly for patients 
awaiting a deceased donor transplant. When treating transplant recipients with active 
tuberculosis, close monitoring of calcineurin inhibitor levels with concomitant dose increase 
is needed due to presence of rifampin or related drugs in the anti-tuberculosis regimen [35].  

2.1.4. Prophylaxis of bacterial infection 

Trimethoprim/sulfamethoxazole (TMP/SMX), traditionally used for prophylaxis against 
Pneumocystis jiroveci pneumonia, has proven efficacy in reducing the incidence of UTIs, as 
well as bacteremias after transplantation [36, 37], although resisitance to common urinary 
tract pathogens is increasingly common in more recent years [16, 38]. TMP/SMX is also 
effective in preventing infections by L monocytogenes, Nocardia species, and Toxoplasmosis 
gondii, leading to recommendations for its use in all patients without contraindication to its 
use [2]. Therapy should continue for at least 6 months after transplantation, although the 
duration varies from center to center. In sulfa-allergic patients, alternatives to TMP/SMX 
include atovaquone, pentamidine, and dapsone. For patients not on TMP/SMX, 
ciprofloxacin (x 3 to 6 months) has been recommeded as UTI prophylaxis [20]. 
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UTI in kidney recipients is 7.3% to to 90% [15-18] with the variation likely due to differences 
in definitions of infection and prophylactic strategies. Predisposing factors include renal 
insufficiency, ischemic changes of the graft, decreased urine flow through the urinary 
epithelium, prolonged urinary catheterization, ureteral stenting, post-transplant diarrhea, 
and underlying medical conditions such as diabetes mellitus, female gender, urinary tract 
abnormalities, bladder dysfunction, and bladder outlet obstruction [17-20]. In pediatric 
kidney transplant recipients, age less than 5 at the time of transplant and lower urinary tract 
abnormalities may be risk factors for post-transplant UTI [21]. Studies analyzing whether 
the utilization of double-J ureteral stents during a kidney transplant procedure increases the 
risk of post-transplant UTI have produced conflicting results [22-24]. It has been suggested 
that a shorter duration (3 weeks versus 6 weeks) of ureteral stent placement may reduce the 
incidence of UTI [24].  

The most common pathogens implicated in UTIs include E. coli, Staphylococci, Enterococci, 
Enterobacter and Pseudomonas aeruginosa [20, 25]. Despite routine treatment of asymptomatic 
bacteriuria, patients still develop symptomatic cystitis and pyelonephritis, and recurrent 
asymptomatic bacteriuria has been shown to be an independent risk factor for transplant 
pyelonephritis [16]. Recurrent UTI can also contribute to inflammation and fibrosis of the 
allograft [16, 26]. Bloodstream infections, the majority (75%) of which were due to a urinary 
source (E. Coli in 50% of infections) have also been shown to lead to allograft failure (either 
directly or by causing death) and all-cause mortality [27]. It is recommended that all UTI’s in 
kidney transplant recipients be considered complicated, and thus short-term treatment 
regimens are not recommended [20].  

2.1.2. Clostridium difficile associated diarrhea and colitis 

Clostridium difficile associated diarrhea (CDAD) and C. difficile colitis are an increasingly 
important cause of morbidity and mortality after solid organ transplantation, with reported 
incidence of 0.5% to 16.0% of kidney transplant recipients [28-30]. CDAD tends to occur 
early in the post-transplant period, although later cases related to exposure to antibiotics or 
increased immunosuppression due to allograft rejection also occur. Transplant recipients are 
also at higher risk for fulminant C. difficile colitis as compared to the general population. 
CDAD is often difficult to eradicate completely, leading to recurrent infection, due to the 
fact that it is a spore forming bacterium.  

Risk factors for CDAD include older age, antimicrobial exposure, and rabbit anti-thymocyte 
globulin induction therapy [30, 31]. For patients developing fulminiant CDAD, risk factors 
identified include peak leukocyte count of 25,000/mm3 or greater and evidence of pancolitis 
on CT scan. For those developing fulminant CDAD, colectomy has been associated with 
improved patient and graft survival when compared to patients managed with medical 
therapy alone [30]. Medications that suppress gastric acid production, commonly used in 
transplant recipients, may also increase risk of CDAD [31].  

The most commonly utilized diagnostic test for CDAD is C. difficile toxin detection in the 
stool via ELISA [31]. Antimicrobial management of CDAD includes oral metronidazole (first 
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line for mild to moderate CDAD) or oral vancomycin (for severe CDAD), with intravenous 
(IV) metronidazole added in severe cases [31]. It is important to note that IV vancomycin 
does not penetrate the intestinal lumen, and is therefore ineffective for managment of 
CDAD. The removal or reduction in other antibiotics is an important adjunctive step. 
Surgery is often necessary in fulminant cases, in order to avoid colonic rupture. Other 
adjunctive therapies sometimes employed but with less supporting data include 
vancomycin enema, Lactobacillus probiotic supplementation, and intravenous immune 
globulin (IVIG) [5, 31]. An algorithm for management of patients with C. difficile infection 
can be found in reference [31].  

2.1.3. Tuberculosis 

Worldwide, the estimated incidence of tuberculosis (TB) (Mycobacterium tuberculosis) in 
kidney transplant recipients is 20 to 70 times that of the general population [32]. Treatment 
of active TB infection in transplant recipients is complicated due to drug interactions, 
antimicrobial resistance, and toxicity of the antimicrobials used for treatment of TB. 
Extrapulmonary involvement, atypical presentation, and limitations of the tuberculin skin 
test make diagnsois difficult. Although newer methods are available, which measure release 
of interferon  (such as Quantiferon Gold), more data is needed regarding utilization of 
these assays in kidney transplant candidates and recipients [33]. 

Identification of high risk patients (those living in endemic areas or those with prior 
infection or exposure) is essential in order to administer prophylaxis with isoniazid (INH). 
A meta analysis of INH prophylaxis in kidney transplant recipients found that the relative 
risk of TB infection was significantly reduced, while risk of toxicity (hepatitis) did not differ 
between patients that did or did not receive prophylaxis [33]. Current European [34] and 
U.S. [35] guidelines recommend 9 months of INH prophylaxis for those with latent TB 
infection, however, the optimal timing of prophylaxis is unclear, particularly for patients 
awaiting a deceased donor transplant. When treating transplant recipients with active 
tuberculosis, close monitoring of calcineurin inhibitor levels with concomitant dose increase 
is needed due to presence of rifampin or related drugs in the anti-tuberculosis regimen [35].  

2.1.4. Prophylaxis of bacterial infection 

Trimethoprim/sulfamethoxazole (TMP/SMX), traditionally used for prophylaxis against 
Pneumocystis jiroveci pneumonia, has proven efficacy in reducing the incidence of UTIs, as 
well as bacteremias after transplantation [36, 37], although resisitance to common urinary 
tract pathogens is increasingly common in more recent years [16, 38]. TMP/SMX is also 
effective in preventing infections by L monocytogenes, Nocardia species, and Toxoplasmosis 
gondii, leading to recommendations for its use in all patients without contraindication to its 
use [2]. Therapy should continue for at least 6 months after transplantation, although the 
duration varies from center to center. In sulfa-allergic patients, alternatives to TMP/SMX 
include atovaquone, pentamidine, and dapsone. For patients not on TMP/SMX, 
ciprofloxacin (x 3 to 6 months) has been recommeded as UTI prophylaxis [20]. 
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To prevent surgical wound and abdominal infections, the local perioperative antibacterial 
prophylaxis should be administered. The prophylactic antibiotic of choice should be 
determined by the resident flora of the transplanted, the prevalent bacterial flora identified 
in wound infections and the institutional antibiotic susceptibility pattern [39]. In kidney 
transplant recipients, the target pathogens include uropathogens and staphylococci; hence 
either a first-generation cephalosporin or ampicillin/sulbactam is an appropriate 
prophylactic agent. More recently, it has been suggested that due to the low incidence of 
surgical site infection observed in the absence of peri-operative antimicrobial prophylaxis, 
prophylaxis should only be used in higher risk patients (> 65 years of age and/or obese 
(defined as body mass index > 35)) in order to reduce resistance, adverse events, and cost 
[40]. Obesity, an established risk factor for wound complications, is often targeted prior to 
transplant. Interestingly, significant pre-transplant weight loss has also been identified as a 
risk factor for wound complications, attributed to body contour changes resulting in an 
unfavorable abdominal panniculus [41].  

2.1.5. Treatment of bacterial infection 

The antibiotic of choice for the treatment of infection after renal transplantation is largely 
dependent on the susceptibility of the bacteria identified in the urine, blood, or wound 
culture, and is very important due to increasing bacterial resisitance to commonly used 
antimicrobials. Fluoroquinolones, cephalosporins, or penicillins are commonly used to treat 
UTIs. For infections due to coagulase-negative staphylococci or ampicillin-resistant 
enterococci, vancomycin is utilized. Critically ill patients require intial broad spectrum 
antimicrobials, which should then be narrowed as culture results become available. 
Nephrotoxic agents (such as aminoglycosides) should be avoided whenever possible, 
relying on effective non-nephrotoxic alternatives instead.  

Treatment duration depends on the origin and severity of infection. Wound infections and 
most UTIs require treatment for 5 to 7days, whereas pyelonephritis usually requires 2 weeks 
of therapy or longer. Imaging to rule out obstruction or anatomic abnormalities should be 
considered in cases of recurrent UTIs. In addition, wound infections may require 
debridement with an adjunctive antibiotic regimen. Patients with neutropenic fever may 
receive granulocyte colony stimulating growth factors, which have been shown not to 
increase the risk of acute rejection [5]. Depending on the severity of the infection, reduction 
in immunosuppression, with close monitoring of graft function, may also play an important 
role in clearing the infection.  

2.2. Fungal infection 

Invasive fungal infections are a significant infectious complication among solid-organ 
transplant recipients and remain a major cause of morbidity and mortality. Among all solid-
organ transplant recipients, kidney transplantation is currently associated with the lowest 
rate of fungal infections, with a one-year cumulative incidence of 1.3% [46]. Candida, 
Aspergillus, and Cryptococcus are the most common fungal pathogens in solid-organ 
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transplantation [42]. The Transplant-Associated Infection Surveillance Network 
(TRANSNET) reports that leading invasive fungal infections are candidiasis (49%), 
Cryptococcus (15%), Aspergillosis (14%), and endemic mycoses (10%) [43]. In this report, 
Pneumocystis represented only 1% of invasive fungal infections, likely demonstrating the 
effectiveness of prophylactic strategies.  

Pneumocystis jiroveci pneumonia (PJP) usually occurs within the first 6 months after 
transplantation without prophylaxis. Risk factors for PJP include prior CMV infection, 
underlying pulmonary disease, allograft dysfunction, net state of immunosuppression, 
allograft rejection, and prolonged neutropenia [44, 45]. Recently, a nosocomial cluster of PJP 
was reported, spread via exposure in clinic waiting areas [44]. Universal prophylaxis against 
PJP is recommended for 6 to 12 months after transplant [45].  

The most common pathogen is the Candida species, mostly Candida albicans or less 
commonly, Candida glabrata, C. tropicalis, or C. parapsilosis [43, 46]. Identifying the species of 
Candida is important for choosing appropriate antifungal agents, and C. glabrata should be 
tested for antifungal susceptibility, especially in areas with known resistance or if the 
infection is not responding to the initial therapy [43]. The majority of these infections occur 
within the first 2 months after transplantation, and occur as candidemia, UTI, or peritonitis 
[43]. Asymptomatic candiduria is generally not treated unless the patient is neutropenic or 
will be undergoing a urologic procedure, while symptomatic candiduria is usually treated 
[43, 47]. Imaging of the transplant kidney to rule out abscess in the collecting system or 
presence of fungus ball(s) is also recommended [43, 47]. Fluconazole is the only azole to 
concentrate in the urine, and so has an important role in the treatment of Candida UTI’s.  

Infections due to endemic fungi typically occur in the mid to late posttransplantation period, 
although some do occur within 2 months of transplant. Endemic fungal infections are 
associated with pathogens like Histoplasma capsulatum, Blastomyces dermatitidis, and 
Coccidioides immitis. For detailed review of the various types of fungal infections in solid 
organ transplantation, the reader is referred to references [42, 45, 46, 48-51]. Although rare, 
donor-derived fungal infections are important to consider; recent guidelines outline 
occurrence and management of such infections [48]. 

2.2.1. Prevention and treatment of fungal infections 

Systemic prophylaxis of fungal infection is generally not required for kidney transplant 
recipients. Prevention of oral candidiasis is achieved through use of topical nystatin or 
clotrimazole. Multiple options are available for the treatment of invasive fungal infections in 
solid-organ transplantation, including amphotericin B (liposomal formulations preferred 
due to less nephrotoxicity), azole antifungals (fluconazole, itraconazole, voriconazole, 
posiconazole) and echinocandins (caspofunginm micafungin, anidulafungin). The optimal 
regimen should be based on antifungal susceptibility testing. Detailed review of these 
agents is beyond the scope of this chapter, however, a brief discussion of drug-drug 
interactions between antifungal agents and immunosuppressants is warranted, as well as 
mention of toxicities of concern in kidney transplant recipients (see Section 2.5).  
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To prevent surgical wound and abdominal infections, the local perioperative antibacterial 
prophylaxis should be administered. The prophylactic antibiotic of choice should be 
determined by the resident flora of the transplanted, the prevalent bacterial flora identified 
in wound infections and the institutional antibiotic susceptibility pattern [39]. In kidney 
transplant recipients, the target pathogens include uropathogens and staphylococci; hence 
either a first-generation cephalosporin or ampicillin/sulbactam is an appropriate 
prophylactic agent. More recently, it has been suggested that due to the low incidence of 
surgical site infection observed in the absence of peri-operative antimicrobial prophylaxis, 
prophylaxis should only be used in higher risk patients (> 65 years of age and/or obese 
(defined as body mass index > 35)) in order to reduce resistance, adverse events, and cost 
[40]. Obesity, an established risk factor for wound complications, is often targeted prior to 
transplant. Interestingly, significant pre-transplant weight loss has also been identified as a 
risk factor for wound complications, attributed to body contour changes resulting in an 
unfavorable abdominal panniculus [41].  

2.1.5. Treatment of bacterial infection 

The antibiotic of choice for the treatment of infection after renal transplantation is largely 
dependent on the susceptibility of the bacteria identified in the urine, blood, or wound 
culture, and is very important due to increasing bacterial resisitance to commonly used 
antimicrobials. Fluoroquinolones, cephalosporins, or penicillins are commonly used to treat 
UTIs. For infections due to coagulase-negative staphylococci or ampicillin-resistant 
enterococci, vancomycin is utilized. Critically ill patients require intial broad spectrum 
antimicrobials, which should then be narrowed as culture results become available. 
Nephrotoxic agents (such as aminoglycosides) should be avoided whenever possible, 
relying on effective non-nephrotoxic alternatives instead.  

Treatment duration depends on the origin and severity of infection. Wound infections and 
most UTIs require treatment for 5 to 7days, whereas pyelonephritis usually requires 2 weeks 
of therapy or longer. Imaging to rule out obstruction or anatomic abnormalities should be 
considered in cases of recurrent UTIs. In addition, wound infections may require 
debridement with an adjunctive antibiotic regimen. Patients with neutropenic fever may 
receive granulocyte colony stimulating growth factors, which have been shown not to 
increase the risk of acute rejection [5]. Depending on the severity of the infection, reduction 
in immunosuppression, with close monitoring of graft function, may also play an important 
role in clearing the infection.  

2.2. Fungal infection 

Invasive fungal infections are a significant infectious complication among solid-organ 
transplant recipients and remain a major cause of morbidity and mortality. Among all solid-
organ transplant recipients, kidney transplantation is currently associated with the lowest 
rate of fungal infections, with a one-year cumulative incidence of 1.3% [46]. Candida, 
Aspergillus, and Cryptococcus are the most common fungal pathogens in solid-organ 
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transplantation [42]. The Transplant-Associated Infection Surveillance Network 
(TRANSNET) reports that leading invasive fungal infections are candidiasis (49%), 
Cryptococcus (15%), Aspergillosis (14%), and endemic mycoses (10%) [43]. In this report, 
Pneumocystis represented only 1% of invasive fungal infections, likely demonstrating the 
effectiveness of prophylactic strategies.  

Pneumocystis jiroveci pneumonia (PJP) usually occurs within the first 6 months after 
transplantation without prophylaxis. Risk factors for PJP include prior CMV infection, 
underlying pulmonary disease, allograft dysfunction, net state of immunosuppression, 
allograft rejection, and prolonged neutropenia [44, 45]. Recently, a nosocomial cluster of PJP 
was reported, spread via exposure in clinic waiting areas [44]. Universal prophylaxis against 
PJP is recommended for 6 to 12 months after transplant [45].  

The most common pathogen is the Candida species, mostly Candida albicans or less 
commonly, Candida glabrata, C. tropicalis, or C. parapsilosis [43, 46]. Identifying the species of 
Candida is important for choosing appropriate antifungal agents, and C. glabrata should be 
tested for antifungal susceptibility, especially in areas with known resistance or if the 
infection is not responding to the initial therapy [43]. The majority of these infections occur 
within the first 2 months after transplantation, and occur as candidemia, UTI, or peritonitis 
[43]. Asymptomatic candiduria is generally not treated unless the patient is neutropenic or 
will be undergoing a urologic procedure, while symptomatic candiduria is usually treated 
[43, 47]. Imaging of the transplant kidney to rule out abscess in the collecting system or 
presence of fungus ball(s) is also recommended [43, 47]. Fluconazole is the only azole to 
concentrate in the urine, and so has an important role in the treatment of Candida UTI’s.  

Infections due to endemic fungi typically occur in the mid to late posttransplantation period, 
although some do occur within 2 months of transplant. Endemic fungal infections are 
associated with pathogens like Histoplasma capsulatum, Blastomyces dermatitidis, and 
Coccidioides immitis. For detailed review of the various types of fungal infections in solid 
organ transplantation, the reader is referred to references [42, 45, 46, 48-51]. Although rare, 
donor-derived fungal infections are important to consider; recent guidelines outline 
occurrence and management of such infections [48]. 

2.2.1. Prevention and treatment of fungal infections 

Systemic prophylaxis of fungal infection is generally not required for kidney transplant 
recipients. Prevention of oral candidiasis is achieved through use of topical nystatin or 
clotrimazole. Multiple options are available for the treatment of invasive fungal infections in 
solid-organ transplantation, including amphotericin B (liposomal formulations preferred 
due to less nephrotoxicity), azole antifungals (fluconazole, itraconazole, voriconazole, 
posiconazole) and echinocandins (caspofunginm micafungin, anidulafungin). The optimal 
regimen should be based on antifungal susceptibility testing. Detailed review of these 
agents is beyond the scope of this chapter, however, a brief discussion of drug-drug 
interactions between antifungal agents and immunosuppressants is warranted, as well as 
mention of toxicities of concern in kidney transplant recipients (see Section 2.5).  
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2.3. Viral infection 

Many factors affect the development of viral infection after solid-organ transplantation. 
These factors include recipient and donor serostatus, recipient comorbidities (eg, diabetes 
mellitus), immunosuppression regimen, organ(s) transplanted, ischemia-reperfusion injury 
to graft, and community-acquired infection. Viral infection can be particularly devastating 
to transplant recipients because of the immunosuppressive properties of the viral pathogens 
themselves, which may increase the patients’ susceptibility to other opportunistic infection 
(particularly fungal infection), or posttransplant lymphoproliferative disease (PTLD). 

2.3.1. Cytomegalovirus 

Cytomegalovirus (CMV), a herpesvirus, is the most important viral infection in solid-organ 
transplantation because of its broad effects on immunocompromised patients [6]. Active 
infection produces not only signs and symptoms associated with the viral syndrome itself, 
but also has other widespread effects associated with cytokine-mediated inflammatory 
response and generation of cross-reactive T cells [52]. These effects may lead to allograft 
injury and/or acute rejection, systemic immunosuppression from the virus, and EBV-
associated PTLD [6]. Risk factors for CMV infection/disease include CMV donor-
positive/recipient-negative (D+/R-) serostatus pairs, recent treatment for acute rejection, 
recent completion of prophylactic antiviral therapy, and rabbit anti-thymocyte globulin 
induction therapy [53, 54]. In CMV D+/R- pairs, there may be an association between the use 
of CMV prophylaxis and improved graft survival and lower acute rejection rates [55].  

Clinical Manifestations 

Differentiation between CMV infection and CMV disease is important when assessing a 
patient for CMV. A patient with CMV infection has active viral replication in the blood or 
other body fluids, but does not necessarily experience systemic signs and symptoms such as 
malaise, fever, and pancytopenia. Patients with CMV disease, however, most commonly 
have a viral syndrome with fever or have invasive infection that has affected an organ 
system, such as colitis, hepatitis, or pneumonitis [56]. 

Diagnosis and Monitoring 

CMV serology of the donor and recipient are useful for estimating the recipient’s risk of 
CMV developing after transplantation, but is not useful for diagnosing CMV 
infection/disease because seroconversion often does not occur until after symptoms are 
resolved [10, 53, 57]. Rather, methods that quantify the extent of the CMV infection are 
necessary to make the diagnosis. Two common methods include CMV antigenemia (stain 
circulating neutrophils for CMV antigen) and CMV DNA polymerase chain reaction (PCR) 
(quantitative viral load) [58]. A major limitation of antigenemia is the need for sufficient 
quantities of neutrophils to perform the test, which is often not possible because of the 
neutropenia caused by the CMV virus itself. Therefore, the CMV viral load is a key 
diagnostic tool; trends in viral loads are more valuable than individual levels [57]. Viral load 
assays vary between laboratories, however, and assay standardization is needed. Another 
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limitation includes the fact that peripheral viral load may be undetectable in patients with 
invasive CMV disease, particularly when the gastrointestinal tract and lungs are sites of 
infection. In these cases, biopsy of the infected tissue and/or bronchial alveolar lavage is 
often necessary to confirm diagnosis [57]. 

Prevention 

Several strategies have been used to prevent and treat CMV. Some centers routinely provide 
antiviral prophylaxis (called universal prophylaxis) to patients at risk for CMV (particularly 
D+/R- pairs), whereas others employ preemptive strategies, in which patients are routinely 
monitored and receive prophylaxis only if laboratory markers become positive. Each 
method has benefits and drawbacks. Benefits of universal prophylaxis include preventing 
both CMV and other herpes viruses and lack of need for intensive monitoring. Drawbacks 
include the risk of developing ganciclovir-resistant CMV (although a small risk), adverse 
effects of the medications, the fact that late CMV disease may occur despite early 
prophylaxis (delayed onset), and the fact that the disease may have atypical features. 

For preemptive strategies, benefits include decreasing the use of antivirals and their 
associated adverse effects and costs. However, the logistically demanding monitoring 
schedule, requirement for strict compliance to the costly surveillance methods, potential to 
develop CMV disease before detection, and development of drug resistance are 
disadvantages of preemptive strategies [57]. CMV-related morbidity is also a significant risk 
when adherence to monitoring guidelines is poor [59]. Drug resistance can occur if 
ganciclovir is used in a patient with active viral replication, owing to its poor oral 
bioavailability. A recent prospective randomized trial of pre-emptive therapy versus 
valganciclovir prophylaxis in CMV serostatus positive kidney transplant recipients found 
that both CMV infection and CMV disease were significantly higher in the pre-emptive 
group, in particular for D+/R+ patients [60]. The general consensus is that the highest risk 
patients (D+/R-) should receive universal prophylaxis [10, 61].  

With the introduction of valganciclovir, a prodrug of ganciclovir with superior oral 
bioavailability, interest has focused on use of this agent to prevent and treat CMV infection 
and disease. For outpatients, valganciclovir 900 mg per day or ganciclovir 1000 mg three 
times per day are commonly used to prevent CMV [10]. Pharmacokinetic studies show that 
oral valganciclovir administration at 450 mg (given once daily) gives exposure that is 
equivalent to the standard oral regimen of ganciclovir (1 g administered 3 times a day) [62]. 
The manufacturer-recommended dose of valganciclovir for CMV prophylaxis is 900 
mg/day, and this dose appears to be equivalent in efficacy to oral ganciclovir, with an 
increased incidence of neutropenia compared with ganciclovir [56]. In several studies, 
researchers have retrospectively evaluated the efficacy of low-dose valganciclovir (450 mg 
daily) as prophylaxis for CMV in kidney transplant recipients [63]. An analysis comparing 3 
months of standard ganciclovir versus low dose valganciclovir in the prophylaxis of CMV in 
129 kidney or pancreas transplant recipients revealed a 14% incidence of CMV disease at 1 
year after transplantation (10% noninvasive and 4% invasive) [63]. The incidence was 
similar between patients receiving ganciclovir and valganciclovir, and risk factors for 
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2.3. Viral infection 

Many factors affect the development of viral infection after solid-organ transplantation. 
These factors include recipient and donor serostatus, recipient comorbidities (eg, diabetes 
mellitus), immunosuppression regimen, organ(s) transplanted, ischemia-reperfusion injury 
to graft, and community-acquired infection. Viral infection can be particularly devastating 
to transplant recipients because of the immunosuppressive properties of the viral pathogens 
themselves, which may increase the patients’ susceptibility to other opportunistic infection 
(particularly fungal infection), or posttransplant lymphoproliferative disease (PTLD). 

2.3.1. Cytomegalovirus 

Cytomegalovirus (CMV), a herpesvirus, is the most important viral infection in solid-organ 
transplantation because of its broad effects on immunocompromised patients [6]. Active 
infection produces not only signs and symptoms associated with the viral syndrome itself, 
but also has other widespread effects associated with cytokine-mediated inflammatory 
response and generation of cross-reactive T cells [52]. These effects may lead to allograft 
injury and/or acute rejection, systemic immunosuppression from the virus, and EBV-
associated PTLD [6]. Risk factors for CMV infection/disease include CMV donor-
positive/recipient-negative (D+/R-) serostatus pairs, recent treatment for acute rejection, 
recent completion of prophylactic antiviral therapy, and rabbit anti-thymocyte globulin 
induction therapy [53, 54]. In CMV D+/R- pairs, there may be an association between the use 
of CMV prophylaxis and improved graft survival and lower acute rejection rates [55].  

Clinical Manifestations 

Differentiation between CMV infection and CMV disease is important when assessing a 
patient for CMV. A patient with CMV infection has active viral replication in the blood or 
other body fluids, but does not necessarily experience systemic signs and symptoms such as 
malaise, fever, and pancytopenia. Patients with CMV disease, however, most commonly 
have a viral syndrome with fever or have invasive infection that has affected an organ 
system, such as colitis, hepatitis, or pneumonitis [56]. 

Diagnosis and Monitoring 

CMV serology of the donor and recipient are useful for estimating the recipient’s risk of 
CMV developing after transplantation, but is not useful for diagnosing CMV 
infection/disease because seroconversion often does not occur until after symptoms are 
resolved [10, 53, 57]. Rather, methods that quantify the extent of the CMV infection are 
necessary to make the diagnosis. Two common methods include CMV antigenemia (stain 
circulating neutrophils for CMV antigen) and CMV DNA polymerase chain reaction (PCR) 
(quantitative viral load) [58]. A major limitation of antigenemia is the need for sufficient 
quantities of neutrophils to perform the test, which is often not possible because of the 
neutropenia caused by the CMV virus itself. Therefore, the CMV viral load is a key 
diagnostic tool; trends in viral loads are more valuable than individual levels [57]. Viral load 
assays vary between laboratories, however, and assay standardization is needed. Another 
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limitation includes the fact that peripheral viral load may be undetectable in patients with 
invasive CMV disease, particularly when the gastrointestinal tract and lungs are sites of 
infection. In these cases, biopsy of the infected tissue and/or bronchial alveolar lavage is 
often necessary to confirm diagnosis [57]. 

Prevention 

Several strategies have been used to prevent and treat CMV. Some centers routinely provide 
antiviral prophylaxis (called universal prophylaxis) to patients at risk for CMV (particularly 
D+/R- pairs), whereas others employ preemptive strategies, in which patients are routinely 
monitored and receive prophylaxis only if laboratory markers become positive. Each 
method has benefits and drawbacks. Benefits of universal prophylaxis include preventing 
both CMV and other herpes viruses and lack of need for intensive monitoring. Drawbacks 
include the risk of developing ganciclovir-resistant CMV (although a small risk), adverse 
effects of the medications, the fact that late CMV disease may occur despite early 
prophylaxis (delayed onset), and the fact that the disease may have atypical features. 

For preemptive strategies, benefits include decreasing the use of antivirals and their 
associated adverse effects and costs. However, the logistically demanding monitoring 
schedule, requirement for strict compliance to the costly surveillance methods, potential to 
develop CMV disease before detection, and development of drug resistance are 
disadvantages of preemptive strategies [57]. CMV-related morbidity is also a significant risk 
when adherence to monitoring guidelines is poor [59]. Drug resistance can occur if 
ganciclovir is used in a patient with active viral replication, owing to its poor oral 
bioavailability. A recent prospective randomized trial of pre-emptive therapy versus 
valganciclovir prophylaxis in CMV serostatus positive kidney transplant recipients found 
that both CMV infection and CMV disease were significantly higher in the pre-emptive 
group, in particular for D+/R+ patients [60]. The general consensus is that the highest risk 
patients (D+/R-) should receive universal prophylaxis [10, 61].  

With the introduction of valganciclovir, a prodrug of ganciclovir with superior oral 
bioavailability, interest has focused on use of this agent to prevent and treat CMV infection 
and disease. For outpatients, valganciclovir 900 mg per day or ganciclovir 1000 mg three 
times per day are commonly used to prevent CMV [10]. Pharmacokinetic studies show that 
oral valganciclovir administration at 450 mg (given once daily) gives exposure that is 
equivalent to the standard oral regimen of ganciclovir (1 g administered 3 times a day) [62]. 
The manufacturer-recommended dose of valganciclovir for CMV prophylaxis is 900 
mg/day, and this dose appears to be equivalent in efficacy to oral ganciclovir, with an 
increased incidence of neutropenia compared with ganciclovir [56]. In several studies, 
researchers have retrospectively evaluated the efficacy of low-dose valganciclovir (450 mg 
daily) as prophylaxis for CMV in kidney transplant recipients [63]. An analysis comparing 3 
months of standard ganciclovir versus low dose valganciclovir in the prophylaxis of CMV in 
129 kidney or pancreas transplant recipients revealed a 14% incidence of CMV disease at 1 
year after transplantation (10% noninvasive and 4% invasive) [63]. The incidence was 
similar between patients receiving ganciclovir and valganciclovir, and risk factors for 
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development of CMV disease included CMV D+/R- serostatus and use of thymoglobulin as 
part of immunosuppression regimen (incidence 25% in patients receiving thymoglobulin). 
The same investigators later reported outcomes in 37 kidney or pancreas recipients who 
received thymoglobulin induction and an extended course (6 months) of CMV prophylaxis 
with low-dose valganciclovir [64]. The incidence of CMV disease decreased in 
thymoglobulin-treated patients from 25% to 8% when prophylaxis was extended from 3 
months to 6 months.  

The duration of CMV prophylaxis also remains controversial; current recommendations 
suggest a minimum of 3 months of therapy [10]. Several studies have demonstrated a lower 
incidence of CMV disease after transplantation in patients receiving prophylaxis for 6 
months, particularly in patients at highest risk for developing CMV [53, 64-67]. From a 
pharmacoeconomic perspective, prolonged (200 days vs. 100 days) valganciclovir 
prophylaxis for high-risk patients (D+/R-) has been shown to be cost-effective [68]. 

Treatment 

Patients with CMV infection/disease should be treated with IV ganciclovir or oral 
valganciclovir; IV ganciclovir should be used in severe/life-threatening cases, and when 
gastrointestinal symptoms (such as diarrhea) may limit absorption of valganciclovir [10]. 
Ganciclovir (IV) is the gold standard for treatment due to the large body of experience with 
it and its lack of nephrotoxicity, which limits the use of other antiviral agents such as 
cidofovir and foscarnet. The treatment dose of 5 mg/kg IV every 12 hours must be adjusted 
for renal function; this adjustment should be done carefully, as subtherapeutic ganciclovir 
exposure in the setting of high CMV viral load may promote the development of resistance 
[57]. Because the bone marrow–suppressive effects of ganciclovir may further compound the 
neutropenia caused by the CMV virus itself, care should be exercised in adjusting the dose 
of ganciclovir to avoid these effects. Rather, use of white blood cell growth factors may be 
preferable in order to avoid the subtherapeutic ganciclovir exposure [57]. At a dose of 900 
mg, valganciclovir provides exposure similar to that of 5 mg/kg body weight of IV 
ganciclovir, and can also be administered twice per day for treatment of active CMV 
infection [10, 62]. Thus, the cost of treating active CMV infection could be substantially 
lowered by its potential to treat with oral valganciclovir in the outpatient setting, for mild to 
moderate cases in patients not experiencing significant gastrointestinal symptoms (ie. 
diarrhea) [10]. Another key component of managing patients with CMV disease includes 
careful reduction in immunosuppression, taking into consideration patient and organ-
specific factors. CMV immunoglobulin may also have an adjunctive role in treatment of 
severe CMV disease [10, 57]. 

Close monitoring of viral load is necessary to assess response to therapy; monitoring should 
begin 1 week after initiation of therapy and treatment should be continued until the viral 
load has been undetectable for 1 week [57]. The role of secondary prophylaxis after 
treatment is not clearly defined. When secondary prophylaxis is employed, viral load 
should be monitored for potential development of resistance and use of valganciclovir may 
be preferable owing to its superior bioavailability [57]. CMV disease recurs in approximately 
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15% to 35% of patients. Recurrence is due to incomplete suppression of CMV rather than the 
development of resistance. Patients at higher risk for recurrence include D+/R- pairs, 
multisystem CMV disease, those who receive treatment for acute rejection, patients with 
high viral loads at the time of initial diagnosis of the infection, and those who had a 
detectable viral load at the end of therapy for the initial infection [57].  

Ganciclovir-resistant strains of CMV have developed in recent years, and are attributed to 
mutation of the UL97 +/- the UL54 gene(s), with the combined mutations leading to a high-
level of ganciclovir resistance [10, 69]. Patients at highest risk for developing ganciclovir-
resistant CMV include D+/R- pairs, as well as kidney-pancreas transplant recipients [57]. 
Utilization of pre-emptive strategies in D+/R- patients has been associated with 
development of GCV-resistance in more than 10% of patients [70]. Treatment of ganciclovir-
resistant strains includes high-dose IV GCV, combination therapy with ganciclovir plus 
foscarnet, and CMV hyperimmunoglobulin [10, 57]. Increasing the ganciclovir dose (up to 
10 mg/kg every 12 hours) with careful monitoring for toxic effects may also be useful in 
these patients [57]. An algorithm for management of ganciclovir resistance can be found in 
reference [10].  

2.3.2. Varicella zoster virus 

The adult seroprevalence rate for varicella zoster virus (VZV) in the United States is greater 
than 90%. Primary varicella infection is a risk for seronegative transplant recipients; adults 
are more likely to experience severe infection leading to complications such as hepatitis, 
pneumonitis, and encephalitis. In an analysis of herpes zoster (shingles) infection in the 
setting of modern immunosuppression, researchers evaluated 869 solid-organ transplants 
performed between 1994 and 1999, and the incidence of varicella zoster was 7.4% in kidney 
recipients. Herpes zoster infection occurred at a median of 9.0 months after transplantation 
and resulted in significant morbidity; 62.7% of cases were within 1 year of transplant. 
Independent risk factors for infection included induction therapy and antiviral therapy 
(other than >6 weeks of CMV prophylaxis with acyclovir or ganciclovir) [71].  

Clinical Manifestations 

Cutaneous scarring, defined as skin disfigurement (scarring or hypopigmentation), occurred 
in 18.7% of patients with herpes zoster, usually following a dermatomal pattern. 
Postherpetic neuralgia, defined as pain persisting more than 30 days after rash 
development, occurred in 42.7% of patients [71]. More serious manifestations of VZV 
infection may include pneumonitis, hepatitis, or encephalitis. This is especially true in 
primary infections, where morbidity and mortality may be high. 

Diagnosis and Monitoring 

Diagnosis of VZV infection typically involves clinical examination of skin lesions. Viral 
cultures, direct fluorescent antibody assays, or PCR testing may be used to confirm 
diagnosis when necessary [72]. 
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development of CMV disease included CMV D+/R- serostatus and use of thymoglobulin as 
part of immunosuppression regimen (incidence 25% in patients receiving thymoglobulin). 
The same investigators later reported outcomes in 37 kidney or pancreas recipients who 
received thymoglobulin induction and an extended course (6 months) of CMV prophylaxis 
with low-dose valganciclovir [64]. The incidence of CMV disease decreased in 
thymoglobulin-treated patients from 25% to 8% when prophylaxis was extended from 3 
months to 6 months.  

The duration of CMV prophylaxis also remains controversial; current recommendations 
suggest a minimum of 3 months of therapy [10]. Several studies have demonstrated a lower 
incidence of CMV disease after transplantation in patients receiving prophylaxis for 6 
months, particularly in patients at highest risk for developing CMV [53, 64-67]. From a 
pharmacoeconomic perspective, prolonged (200 days vs. 100 days) valganciclovir 
prophylaxis for high-risk patients (D+/R-) has been shown to be cost-effective [68]. 

Treatment 

Patients with CMV infection/disease should be treated with IV ganciclovir or oral 
valganciclovir; IV ganciclovir should be used in severe/life-threatening cases, and when 
gastrointestinal symptoms (such as diarrhea) may limit absorption of valganciclovir [10]. 
Ganciclovir (IV) is the gold standard for treatment due to the large body of experience with 
it and its lack of nephrotoxicity, which limits the use of other antiviral agents such as 
cidofovir and foscarnet. The treatment dose of 5 mg/kg IV every 12 hours must be adjusted 
for renal function; this adjustment should be done carefully, as subtherapeutic ganciclovir 
exposure in the setting of high CMV viral load may promote the development of resistance 
[57]. Because the bone marrow–suppressive effects of ganciclovir may further compound the 
neutropenia caused by the CMV virus itself, care should be exercised in adjusting the dose 
of ganciclovir to avoid these effects. Rather, use of white blood cell growth factors may be 
preferable in order to avoid the subtherapeutic ganciclovir exposure [57]. At a dose of 900 
mg, valganciclovir provides exposure similar to that of 5 mg/kg body weight of IV 
ganciclovir, and can also be administered twice per day for treatment of active CMV 
infection [10, 62]. Thus, the cost of treating active CMV infection could be substantially 
lowered by its potential to treat with oral valganciclovir in the outpatient setting, for mild to 
moderate cases in patients not experiencing significant gastrointestinal symptoms (ie. 
diarrhea) [10]. Another key component of managing patients with CMV disease includes 
careful reduction in immunosuppression, taking into consideration patient and organ-
specific factors. CMV immunoglobulin may also have an adjunctive role in treatment of 
severe CMV disease [10, 57]. 

Close monitoring of viral load is necessary to assess response to therapy; monitoring should 
begin 1 week after initiation of therapy and treatment should be continued until the viral 
load has been undetectable for 1 week [57]. The role of secondary prophylaxis after 
treatment is not clearly defined. When secondary prophylaxis is employed, viral load 
should be monitored for potential development of resistance and use of valganciclovir may 
be preferable owing to its superior bioavailability [57]. CMV disease recurs in approximately 
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15% to 35% of patients. Recurrence is due to incomplete suppression of CMV rather than the 
development of resistance. Patients at higher risk for recurrence include D+/R- pairs, 
multisystem CMV disease, those who receive treatment for acute rejection, patients with 
high viral loads at the time of initial diagnosis of the infection, and those who had a 
detectable viral load at the end of therapy for the initial infection [57].  

Ganciclovir-resistant strains of CMV have developed in recent years, and are attributed to 
mutation of the UL97 +/- the UL54 gene(s), with the combined mutations leading to a high-
level of ganciclovir resistance [10, 69]. Patients at highest risk for developing ganciclovir-
resistant CMV include D+/R- pairs, as well as kidney-pancreas transplant recipients [57]. 
Utilization of pre-emptive strategies in D+/R- patients has been associated with 
development of GCV-resistance in more than 10% of patients [70]. Treatment of ganciclovir-
resistant strains includes high-dose IV GCV, combination therapy with ganciclovir plus 
foscarnet, and CMV hyperimmunoglobulin [10, 57]. Increasing the ganciclovir dose (up to 
10 mg/kg every 12 hours) with careful monitoring for toxic effects may also be useful in 
these patients [57]. An algorithm for management of ganciclovir resistance can be found in 
reference [10].  

2.3.2. Varicella zoster virus 

The adult seroprevalence rate for varicella zoster virus (VZV) in the United States is greater 
than 90%. Primary varicella infection is a risk for seronegative transplant recipients; adults 
are more likely to experience severe infection leading to complications such as hepatitis, 
pneumonitis, and encephalitis. In an analysis of herpes zoster (shingles) infection in the 
setting of modern immunosuppression, researchers evaluated 869 solid-organ transplants 
performed between 1994 and 1999, and the incidence of varicella zoster was 7.4% in kidney 
recipients. Herpes zoster infection occurred at a median of 9.0 months after transplantation 
and resulted in significant morbidity; 62.7% of cases were within 1 year of transplant. 
Independent risk factors for infection included induction therapy and antiviral therapy 
(other than >6 weeks of CMV prophylaxis with acyclovir or ganciclovir) [71].  

Clinical Manifestations 

Cutaneous scarring, defined as skin disfigurement (scarring or hypopigmentation), occurred 
in 18.7% of patients with herpes zoster, usually following a dermatomal pattern. 
Postherpetic neuralgia, defined as pain persisting more than 30 days after rash 
development, occurred in 42.7% of patients [71]. More serious manifestations of VZV 
infection may include pneumonitis, hepatitis, or encephalitis. This is especially true in 
primary infections, where morbidity and mortality may be high. 

Diagnosis and Monitoring 

Diagnosis of VZV infection typically involves clinical examination of skin lesions. Viral 
cultures, direct fluorescent antibody assays, or PCR testing may be used to confirm 
diagnosis when necessary [72]. 
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Prevention 

CMV prophylaxis with ganciclovir will most likely prevent VZV, although acyclovir is 
effective for those patients not receiving ganciclovir [72]. Patients who are VZV seronegative 
before transplantation should be vaccinated against varicella whenever possible, although 
pre-transplant administration of the herpes zoster vaccine, Zostavax is not recommended at 
this time due to a higher live-virus content [72]. The varicella vaccine should not be 
administered to patients receiving immunosuppressants, because the varicella vaccine is a 
live, attenuated vaccine that may cause infection in immunocompromised patients. After 
transplantation, seronegative patients exposed to VZV should receive postexposure 
prophylaxis, although this is not guaranteed to prevent infection. Postexposure prophylaxis 
consists of varicella zoster immunoglobulin if the patient arrives for treatment within 96 
hours of initial exposure (preferred), or antiviral therapy if that 96-hour window has passed. 
However, the immunoglobulin preparation is no longer widely available to transplant 
centers, so IVIG may be utilized [72]. Although some centers have reported administration 
of the varicella vaccine after liver transplantation with minimal adverse effects [73], others 
have reported development of infection [74]. Therefore, this practice remains controversial 
and is not supported by existing guidelines [72]. 

Treatment 

Patients with active, serious VZV infection should be treated with IV acyclovir, whereas less 
serious infections may be treated with oral acyclovir, valacyclovir, or famciclovir. In rare 
cases of acyclovir resistance, foscarnet may be used [72]. 

2.3.3. Herpes simplex virus 1 and 2 

Adult seroprevalence rates for herpes simplex virus 1 and 2 in the U.S. are 62% and 22%, 
respectively. Most infections after transplantation are due to reactivation of latent virus. 

Clinical Manifestations 

Infection with herpes simplex virus generally is manifested by orolabial lesions or 
genital/perianal lesions, although more serious systemic infection can result in esophagitis, 
hepatitis, or pneumonitis. 

Diagnosis and Monitoring 

Diagnosis of infection with herpes simplex virus 1 or 2 typically involves clinical 
examination of skin lesions. Culture of scrapings/tissue from lesions may be necessary to 
confirm diagnosis in some cases, and PCR assays are increasingly being used [75]. 

Prevention and Treatment 

CMV prophylaxis with ganciclovir will most likely prevent HSV; acyclovir is effective for 
those patients not receiving ganciclovir [59]. HSV infections are usually treated with oral 
acyclovir, valacyclovir, or famciclovir [75]. In more serious infections, IV acyclovir may be 
employed, although alternative therapy such as foscarnet may be required in cases of 
acyclovir resistance [75]. 
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2.3.4. Human herpesvirus 6, 7 and 8 

Human herpesvirus (HHV) 6 and 7 are viral pathogens that can cause significant morbidity 
and mortality in transplant recipients. Although HHV 6 infection has been most commonly 
reported among stem cell transplant recipients, cases have also been reported in solid-organ 
transplant recipients [76-78]. As with CMV, HHV 6 and 7 appear to have 
immunomodulatory effects and may predispose patients to secondary infection. Indeed, the 
mortality associated with HHV 6 appears to be related primarily to the development of 
secondary fungal infection [77, 78]. HHV 8 is also known as Kaposi sarcoma–associated 
herpesvirus because development of Kaposi sarcoma is driven by this virus. The 
seroprevalence of HHV 8 exhibits geographic variation; it is most common in the 
Mediterranean, Middle East, and some areas of Africa. 

Clinical Manifestations 

Transplant recipients with HHV 6 infection commonly have fever, bone marrow 
suppression, interstitial pneumonitis, and/or encephalitis. In addition, hepatitis and 
cutaneous rash have also been found in patients infected with HHV 6. Severe cases may 
progress to aplastic bone marrow and secondary infection with fungal and/or other viral 
pathogens. Symptoms associated with HHV 7 are not as well documented. Patients with 
HHV 8 may have cutaneous lesions, fever, and evidence of bone marrow suppression. 

Diagnosis and Monitoring 

Patients who are HHV 6–negative before transplantation appear to have a higher incidence 
of infection, although most cases are reactivations because more than 90% of patients are 
seropositive by adulthood. As with other viral illnesses, quantitative PCR is useful in 
diagnosis and in monitoring patients with this infection. HHV 8 serostatus of the donor and 
recipient may be assessed on the basis of geographic location. Patients who are seropositive 
before transplantation, who are at risk for primary infection, or who have Kaposi sarcoma 
can then be monitored after transplantation by means of HHV 8 viral loads [79]. 

Prevention and Treatment 

Routine prophylaxis for HHV is not recommended [79]. Symptomatic patients may be 
treated with ganciclovir, foscarnet, or cidofovir, in combination with immunosuppression 
reduction [79]. For patients with Kaposi sarcoma, reduction and/or withdrawal of 
immunosuppression is first-line therapy, and conversion from calcineurin inhibitor therapy 
to sirolimus is also recommended due to regression of KS lesions after conversion [79]. 
Surgery, irradiation, and chemotherapy may be required in patients who do not respond to 
the reduction in immunosuppression.  

2.3.5. Epstein Barr virus 

EBV is a herpesvirus that infects most people at a young age and causes infectious 
mononucleosis. In immunocompromised patients, primary EBV infection or reactivation of 
latent infection can cause PTLD, a feared consequence of immunosuppressive therapy. Risk 
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Prevention 

CMV prophylaxis with ganciclovir will most likely prevent VZV, although acyclovir is 
effective for those patients not receiving ganciclovir [72]. Patients who are VZV seronegative 
before transplantation should be vaccinated against varicella whenever possible, although 
pre-transplant administration of the herpes zoster vaccine, Zostavax is not recommended at 
this time due to a higher live-virus content [72]. The varicella vaccine should not be 
administered to patients receiving immunosuppressants, because the varicella vaccine is a 
live, attenuated vaccine that may cause infection in immunocompromised patients. After 
transplantation, seronegative patients exposed to VZV should receive postexposure 
prophylaxis, although this is not guaranteed to prevent infection. Postexposure prophylaxis 
consists of varicella zoster immunoglobulin if the patient arrives for treatment within 96 
hours of initial exposure (preferred), or antiviral therapy if that 96-hour window has passed. 
However, the immunoglobulin preparation is no longer widely available to transplant 
centers, so IVIG may be utilized [72]. Although some centers have reported administration 
of the varicella vaccine after liver transplantation with minimal adverse effects [73], others 
have reported development of infection [74]. Therefore, this practice remains controversial 
and is not supported by existing guidelines [72]. 

Treatment 

Patients with active, serious VZV infection should be treated with IV acyclovir, whereas less 
serious infections may be treated with oral acyclovir, valacyclovir, or famciclovir. In rare 
cases of acyclovir resistance, foscarnet may be used [72]. 

2.3.3. Herpes simplex virus 1 and 2 

Adult seroprevalence rates for herpes simplex virus 1 and 2 in the U.S. are 62% and 22%, 
respectively. Most infections after transplantation are due to reactivation of latent virus. 

Clinical Manifestations 

Infection with herpes simplex virus generally is manifested by orolabial lesions or 
genital/perianal lesions, although more serious systemic infection can result in esophagitis, 
hepatitis, or pneumonitis. 

Diagnosis and Monitoring 

Diagnosis of infection with herpes simplex virus 1 or 2 typically involves clinical 
examination of skin lesions. Culture of scrapings/tissue from lesions may be necessary to 
confirm diagnosis in some cases, and PCR assays are increasingly being used [75]. 

Prevention and Treatment 

CMV prophylaxis with ganciclovir will most likely prevent HSV; acyclovir is effective for 
those patients not receiving ganciclovir [59]. HSV infections are usually treated with oral 
acyclovir, valacyclovir, or famciclovir [75]. In more serious infections, IV acyclovir may be 
employed, although alternative therapy such as foscarnet may be required in cases of 
acyclovir resistance [75]. 
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2.3.4. Human herpesvirus 6, 7 and 8 

Human herpesvirus (HHV) 6 and 7 are viral pathogens that can cause significant morbidity 
and mortality in transplant recipients. Although HHV 6 infection has been most commonly 
reported among stem cell transplant recipients, cases have also been reported in solid-organ 
transplant recipients [76-78]. As with CMV, HHV 6 and 7 appear to have 
immunomodulatory effects and may predispose patients to secondary infection. Indeed, the 
mortality associated with HHV 6 appears to be related primarily to the development of 
secondary fungal infection [77, 78]. HHV 8 is also known as Kaposi sarcoma–associated 
herpesvirus because development of Kaposi sarcoma is driven by this virus. The 
seroprevalence of HHV 8 exhibits geographic variation; it is most common in the 
Mediterranean, Middle East, and some areas of Africa. 

Clinical Manifestations 

Transplant recipients with HHV 6 infection commonly have fever, bone marrow 
suppression, interstitial pneumonitis, and/or encephalitis. In addition, hepatitis and 
cutaneous rash have also been found in patients infected with HHV 6. Severe cases may 
progress to aplastic bone marrow and secondary infection with fungal and/or other viral 
pathogens. Symptoms associated with HHV 7 are not as well documented. Patients with 
HHV 8 may have cutaneous lesions, fever, and evidence of bone marrow suppression. 

Diagnosis and Monitoring 

Patients who are HHV 6–negative before transplantation appear to have a higher incidence 
of infection, although most cases are reactivations because more than 90% of patients are 
seropositive by adulthood. As with other viral illnesses, quantitative PCR is useful in 
diagnosis and in monitoring patients with this infection. HHV 8 serostatus of the donor and 
recipient may be assessed on the basis of geographic location. Patients who are seropositive 
before transplantation, who are at risk for primary infection, or who have Kaposi sarcoma 
can then be monitored after transplantation by means of HHV 8 viral loads [79]. 

Prevention and Treatment 

Routine prophylaxis for HHV is not recommended [79]. Symptomatic patients may be 
treated with ganciclovir, foscarnet, or cidofovir, in combination with immunosuppression 
reduction [79]. For patients with Kaposi sarcoma, reduction and/or withdrawal of 
immunosuppression is first-line therapy, and conversion from calcineurin inhibitor therapy 
to sirolimus is also recommended due to regression of KS lesions after conversion [79]. 
Surgery, irradiation, and chemotherapy may be required in patients who do not respond to 
the reduction in immunosuppression.  

2.3.5. Epstein Barr virus 

EBV is a herpesvirus that infects most people at a young age and causes infectious 
mononucleosis. In immunocompromised patients, primary EBV infection or reactivation of 
latent infection can cause PTLD, a feared consequence of immunosuppressive therapy. Risk 
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factors for the development of early PTLD include EBV seronegativity at the time of 
transplantation (leaving children at higher risk than adults), type of organ transplanted, 
type and degree of immunosuppression, CMV donor/recipient mismatch, CMV disease, and 
lymphocyte depleting antibody induction, while late PTLD may be related to duration of 
immunosuppression, type of organ transplanted, and older age of the recipient [80]. Kidney 
transplant recipients are considered low risk for development of PTLD (~1%). PTLD affects 
the transplant allograft in approximately 30% of cases. Lesions in the central nervous system 
are the most difficult to treat. In general, early occurrence of PTLD is polyclonal and easier 
to treat, whereas late PTLD is often monoclonal, and infected B cells may lose CD20 
expression, making treatment difficult. 

Clinical Manifestations 

Signs and symptoms of PTLD may include those of a primary EBV infection/infectious 
mononucleosis, specifically fever, malaise, and swollen lymph nodes in the neck, tonsils, 
axilla, and/or groin. In addition, patients may have other nonspecific symptoms, depending 
on the type of organ transplanted. 

Diagnosis and Monitoring 

Diagnosis of PTLD is a combination of clinical assessment, blood tests, EBV-related blood 
tests, radiographic imaging, histology, and other adjunctive tests [80]. Pathological 
examination of tissue is the gold standard for the diagnosis of PTLD; excisional biopsies are 
preferred over needle biopsies. No specific staging system exists for PTLD; however, the 
current recommendation is to use the Ann Arbor staging classification system with 
Cotswold’s modifications, which is used to stage non-Hodgkin lymphoma. Diagnosis is 
based on morphological classification, origin cell type, presence of EBV, and presence of 
CD20+ cells [80, 81]. 

Prevention 

Because no definitive methods to prevent PTLD are known, diligent monitoring of high-risk 
patients is needed; this is done by performing serial EBV PCR. Risk is defined as high in 
D+/R- pairs, children, and patients receiving high dose and/or intensity immunosuppression 
[80, 81]. Utilization of ganciclovir/valganciclovir for CMV prophylaxis may give some 
protection, as ganciclovir has greater in vitro activity against EBV than acyclovir. 

Treatment 

Unfortunately, controlled trials in the treatment of PTLD are generally lacking. Key 
strategies for the management of patients with PTLD include reduction in 
immunosuppression, surgical resection, and local irradiation [80]. Secondary treatments 
may include antivirals, immunoglobulin, and monoclonal antibodies against B cells [80]. 
Anti-CD20 antibody (rituximab) is promising as first-line therapy after immunosuppression 
reduction because of its high specificity for B cells with a low adverse event profile. 
Cytotoxic chemotherapy (such as CHOP) is often used when first- and second-line therapies 
fail. Patients with CNS lesions may be treated with local radiotherapy, intrathecal anti-CD20 
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antibody, and/or interferon α [80]. EBV-specific cytotoxic T lymphocytes (CTL) may also have 
a role in the treatment of PTLD [82]. Patients may receive another transplant after successful 
treatment of PTLD; however, careful examination of patient-specific factors must occur. 

2.3.6. Adenovirus 

A concern mostly in children, adenovirus is a virus with many different serotypes that may 
cause diverse signs and symptoms during acute illness. Adenovirus is transmitted through 
respiratory secretions, fecal-oral route, and fomites; donor transmission has also been 
postulated in several reported cases. Adenovirus infection may occur in transplant 
recipients of any age; however, complications occur more commonly, and infections may be 
more severe in children [83]. 

Clinical Manifestations 

Symptomatic disease can vary greatly, ranging from self-limiting febrile illness, to 
hemorrhagic cystitis or gastroenteritis, to severe infection with necrotizing hepatitis or 
pneumonia. 

Diagnosis and Monitoring 

The gold standard for diagnosis of adenovirus is by culture or antigen detection. In patients 
with invasive disease, tissue specimens can be examined for histology (“smudge cells” 
signaling cytopathic inclusions; the gold standard) or adenovirus PCR may be performed on 
the specimen [83]. 

Prevention and Treatment 

No specific preventative measure is available, other than avoiding the spread of the virus 
via droplet and contact precautions for infected patients [83]. Supportive care, in 
conjunction with a decrease in immunosuppression is the standard of care for these patients. 
The use of antiviral agents such as ribavirin, ganciclovir, cidofovir, and respiratory syncytial 
virus immunoglobulin have been reported [83]. Cidofovir has the best data supporting its 
use, however its nephrotoxicity is an important concern in renal transplant recipients [83].  

2.3.7. Human parvovirus B19 

By adulthood, 30% to 60% of people are seropositive for parvovirus B19, an infection that 
usually is asymptomatic or manifests as a mild illness called erythema infectiosum in 
school-aged children and is commonly acquired through infected respiratory secretions. 
Parvovirus infects erythroid precursor cells, causing areticulocytic anemia in patients with 
severe infection. 

Clinical Manifestations 

Parvovirus infection develops in approximately 1% to 2% of transplant recipients, resulting 
in a pure red cell aplasia with a low or absent reticulocyte count. Other manifestations of the 
infection may include fever, arthralgia, rash, pancytopenia, and hepatitis. 
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antibody, and/or interferon α [80]. EBV-specific cytotoxic T lymphocytes (CTL) may also have 
a role in the treatment of PTLD [82]. Patients may receive another transplant after successful 
treatment of PTLD; however, careful examination of patient-specific factors must occur. 

2.3.6. Adenovirus 

A concern mostly in children, adenovirus is a virus with many different serotypes that may 
cause diverse signs and symptoms during acute illness. Adenovirus is transmitted through 
respiratory secretions, fecal-oral route, and fomites; donor transmission has also been 
postulated in several reported cases. Adenovirus infection may occur in transplant 
recipients of any age; however, complications occur more commonly, and infections may be 
more severe in children [83]. 
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Symptomatic disease can vary greatly, ranging from self-limiting febrile illness, to 
hemorrhagic cystitis or gastroenteritis, to severe infection with necrotizing hepatitis or 
pneumonia. 

Diagnosis and Monitoring 

The gold standard for diagnosis of adenovirus is by culture or antigen detection. In patients 
with invasive disease, tissue specimens can be examined for histology (“smudge cells” 
signaling cytopathic inclusions; the gold standard) or adenovirus PCR may be performed on 
the specimen [83]. 

Prevention and Treatment 

No specific preventative measure is available, other than avoiding the spread of the virus 
via droplet and contact precautions for infected patients [83]. Supportive care, in 
conjunction with a decrease in immunosuppression is the standard of care for these patients. 
The use of antiviral agents such as ribavirin, ganciclovir, cidofovir, and respiratory syncytial 
virus immunoglobulin have been reported [83]. Cidofovir has the best data supporting its 
use, however its nephrotoxicity is an important concern in renal transplant recipients [83].  

2.3.7. Human parvovirus B19 

By adulthood, 30% to 60% of people are seropositive for parvovirus B19, an infection that 
usually is asymptomatic or manifests as a mild illness called erythema infectiosum in 
school-aged children and is commonly acquired through infected respiratory secretions. 
Parvovirus infects erythroid precursor cells, causing areticulocytic anemia in patients with 
severe infection. 

Clinical Manifestations 

Parvovirus infection develops in approximately 1% to 2% of transplant recipients, resulting 
in a pure red cell aplasia with a low or absent reticulocyte count. Other manifestations of the 
infection may include fever, arthralgia, rash, pancytopenia, and hepatitis. 
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Diagnosis and Monitoring 

In transplant recipients, parvovirus B19 immunoglobulin M is a marker for ongoing 
infection, and parvovirus B19 DNA PCR may also be useful. Both have limitations, 
however, because transplant recipients may not be able to mount a response, making the 
serologic findings a less than ideal marker, whereas PCR may remain positive for up to 9 
months after the initial infection. Therefore, the best diagnostic tool appears to be a positive 
PCR in a patient with pure red cell aplasia. Bone marrow biopsy may be considered for 
patients with signs and symptoms but negative serology and PCR [84].  

Prevention and Treatment 

No strategies are available to prevent parvovirus B19 infection in transplant recipients, 
although a vaccine is being developed [84]. The treatment of choice for parvovirus B19 
infection is IVIG, although the optimal dosing regimen and duration of therapy are not 
clear. Current guidelines recommend 400 mg/kg/day for 5 days, possibly in conjunction 
with immunosuppression reduction [84]. 

2.3.8. Human papilloma virus 

Patients with human papillomavirus (HPV) infection have an increased risk of cervical 
intraepithelial neoplasia (CIN) and cervical cancer, as well as risk for squamous cell cancers 
(SCC) of the anus, vulva, vagina, and penis [85]. The role of HPV in skin and oropharyngeal 
SCC is less clear [85]. The virus, in combination with exposure to ultraviolet radiation and 
the degree and length of immunosuppression are important factors in the development of 
cutaneous lesions. Viral warts may progress to these cancers in immunocompromised 
patients, with HPV DNA being found in 70% to 90% of cutaneous tissue in patients with 
SCC. Many strains of HPV exist, with HPV 5 and HPV 8 appearing to have a higher 
prevalence in transplant recipients with skin cancers. 

Clinical Manifestations 

Infected patients have cutaneous and anogenital warts (verruca vulgaris). Although less 
common, HPV may also be manifest as a respiratory tract infection.  

Diagnosis and Monitoring 

Diagnosis is made by examination of cutaneous warts during physical examination. Warts 
that look suspicious (eg, discolored) should be sampled by biopsy because of the known risk 
of malignant transformation of these lesions. In addition, suspicious anogenital warts 
should also be sampled, particularly as these lesions may be clinically indistinguishable 
from squamous epithelial lesions. Renal transplant candidates and recipients should have a 
pap smear yearly due to the increased risk of cervical cancer in this population [85]. HPV 
viral load by PCR is also utilized on clinical specimens.  

Prevention 

Patients with preexisting lesions should receive treatment before transplantation. An HPV 
vaccine has been developed, although its role prior to transplantation remains to be 
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determined. Currently, it is recommended for use pre-transplant in the FDA-approved 
patient populations [85]. After transplantation, high-risk patients (those with a history of 
warts, keratoses, skin cancer, or long-term immunosuppression) should be followed up by a 
dermatologist every 3 to 6 months. Patients must be educated to avoid excessive sun 
exposure, to wear protective clothing when in the sun, and to use sunscreen to protect them. 
For those patients (or their partners) with anogenital lesions, sexual transmission should be 
avoided by abstinence or condoms (although condoms do not provide complete protection). 

Treatment 

It is recommended that warts causing physical and/or psychological signs or symptoms be 
treated with cytotoxic agents that destroy the infected epidermis, such as salicylic acid, lactic 
acid, or cryotherapy. In addition, surgical removal and physical ablation are often 
employed; a more rare treatment includes stimulation of the local immune response in the 
infected area [85]. 

2.3.9. Polyomavirus 

Polyomavirus nephropathy (PVN) is a significant cause of morbidity and graft loss in renal 
transplant recipients, and is described in great detail in another chapter of this textbook.  

2.3.10. Hepatitis B 

Chronic hepatitis B virus (HBV) infection was traditionally considered a risk factor for 
poorer patient and graft survival after kidney transplantation [86]. In the more recent era, 
which is distinguished by the availability of oral anti-viral agents, analysis of OPTN/UNOS 
data has shown equivalent patient and graft survival in HBV(+) versus HBV(-) kidney 
transplant recipients [87]. The risk of liver failure does, however, continue to be increased in 
HBV(+) patients [87].  

Diagnosis and Monitoring 

HBV(+) patients on anti-viral therapy should be monitored every three months after 
transplantation, specifically for viral load (HBV DNA) and ALT, both to monitor efficacy as 
well as assess for development of resistance [88]. In addition, those with cirrhosis should be 
monitored yearly for development of hepatocellular carcinoma (HCC) via hepatic 
ultrasound and alpha fetoprotein [88].  

Prevention and Treatment 

All patients should be vaccinated against HBV, preferably before beginning dialysis due to 
poorer immune response to the vaccine in dialysis and transplant patients [89]. Re-
vaccination should occur when hepatitis B surface antibody titers fall below 10 mIU/mL [88]. 
Utilization of nucleoside or nucleotide analogues to suppress HBV viral load in HBV-
infected kidney transplant recipients has led to reduction in mortality, although 
development of hepatocellular carcinoma still exists and requires routine monitoring [90]. 
All HBV surface antigen positive transplant recipients should receive prophylaxis with 
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determined. Currently, it is recommended for use pre-transplant in the FDA-approved 
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exposure, to wear protective clothing when in the sun, and to use sunscreen to protect them. 
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tenofovir, entecavir, or lamivudine, although concerns over lamivudine resistance limit its 
use [88]. Use of interferon therapy after transplant is not recommended due to risk of 
precipitating rejection [88].  

2.3.11. Hepatitis C 

Hepatitis C is the leading indication for liver transplantation in the United States, and up to 
38% of kidney transplant recipients worldwide have hepatitis C infection [91]. Hepatitis C 
infection is associated with poorer patient and graft survival after kidney transplantation as 
compared to Hepatitis C(-) patients, however, outcome after transplant is better than 
remaining on dialysis [92]. As with hepatitis B, it is important to clear the virus or decrease 
viral load before transplantation due to risk of rejection with post-transplant interferon.  

Monitoring 

After transplant, the ALT of HCV(+) patients should be monitored monthly for 6 months, 
and then every 3 to 6 months thereafter [88].  

Treatment 

Use of interferon therapy after kidney transplantation is not recommended due to risk of 
precipitating rejection, and should be used only when benefit clearly outweighs the risk of 
rejection [88]. This may include patients with fibrosing cholestatic hepatitis or life-
threatening vasculitis. The use of newer oral agents for hepatitis C (including telaprevir and 
boceprevir) is contraindicated in transplant recipients due to lack of research studies [93]. 
Pharmacokinetic studies conducted in healthy volunteers have demonstrated significant 
drug interactions between telaprevir and cyclosporine or tacrolimus, which could lead to 
life-threatening toxicity [93, 94].  

2.3.12. Less common but significant viral infections after transplantation 

Novel Influenza A (H1N1) is a swine-origin influenza A virus that became a pandemic in 
2009. In kidney transplant recipients, H1N1 caused significant morbidity and mortality [95-
98], and mortality is higher in transplant recipients compared to the general population [97]. 
More severe cases develop pneumonia and may require ICU admission and ventilator 
support. Poorer outcomes are associated with delayed introduction of treatment; oseltamivir 
has been used to successfully treat transplant recipients with H1N1 [96-98].  

West Nile Virus (WNV) is a single-stranded RNA virus of the Flaviviridae family that is 
transmitted to humans by mosquitoes. Since 1999, an increasing number of cases have 
occurred in North America. A limited number of severe cases have been reported in solid-
organ transplant recipients, causing morbidity and mortality. Compared with the general 
population, where the infection rate for WNV was 5 per 100,000, the rate in transplant 
recipients was 200 per 100,000 (P < .001) [99]. A seroprevalence study found a 0.25% 
seroprevalence and a resultant 40% risk of meningoencephalitis in a transplant patient with 
community acquired WNV [100]. Similar studies of immunocompetent persons estimate the 
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risk of meningoencephalitis to be less than 1%. Transmission through infected blood 
transfusion and/or transplanted organ is a risk [101]. Clinical signs and symptoms of 
infection in transplant recipients included fever, confusion, headache, weakness, 
encephalitis, and meningitis [99].  

Based on the limited number of cases of WNV infection in transplant recipients, it appears 
that delayed seroconversion due to immunosuppression may occur, leading to delayed 
diagnosis. Other diagnostic methods such as PCR may be used, although that method is not 
useful in all patients [99]. Transplant recipients should be educated about the risks of WNV 
infection, particularly in endemic areas. Patients should be encouraged to use insect repellant 
and to avoid the outdoors during the periods of dawn and dusk, when mosquitoes are most 
active. Treatment of WMV in recipients of solid-organ transplants has generally been empiric 
and supportive. Both interferon and ribavirin have in vitro activity against WNV, but available 
data are not sufficient to associate use of these agents with clinical outcome. In addition, IVIG 
may be useful. Reduction or discontinuation of immunosuppression, based on the clinical 
situation, is most likely important adjunct treatment. 

Lymphocytic choriomeningitis virus (LCMV) is a rodent-borne, Old World arenavirus. 
Four clusters of LCMV infection in solid-organ transplant recipients have been reported, with 
some cases specifically linked to donor transmission of the virus [102, 103]. Liver function and 
coagulation abnormalities, transplant organ dysfunction, fever, rash, diarrhea, hyponatremia, 
thrombocytopenia, hypoxia, and renal failure are manifestations of the infection that develop 
in transplant recipients of infected organs. The mortality rate is high. LCMV is very rare; no 
routine screening is performed on organ donors. LCMV antibodies, immunohistochemistry, 
PCR, and viral culture may be used for diagnosis in suspected cases [102]. Treatment with IV 
ribavirin, in combination with reduction in immunosuppression, may have been beneficial in 
the 1 surviving patient of the outbreak described in reference [102].  

2.3.13. Vaccination in solid-organ transplant candidates and recipients 

Because of the likelihood of poor response to vaccines after transplantation due to inability 
to mount an optimal effective response, it is very important to have all vaccinations up to 
date before transplantation, and to carefully consider timing of administration in the post-
transplant period [104]. Influenza (inactivated) and pneumococcal vaccines should be given 
at their recommended schedules after transplantation, in order to confer as much protection 
to the patient as possible [105]. Household contacts of transplant patients should also 
receive the inactivated influenza vaccine on an annual basis. Live vaccines should be 
avoided in transplant recipients, however their household contacts may receive live vaccines 
if necessary, with the exception of smallpox and oral-poliovirus vaccines [105]. More details 
about vaccination can be found in other chapters within this book. 

2.4. Parasitic infection 

Reactivation of latent parasitic infection in previously infected patients or de novo infection 
by natural means or through the donated organs is of increasing concern in the transplant 
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tenofovir, entecavir, or lamivudine, although concerns over lamivudine resistance limit its 
use [88]. Use of interferon therapy after transplant is not recommended due to risk of 
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infection is associated with poorer patient and graft survival after kidney transplantation as 
compared to Hepatitis C(-) patients, however, outcome after transplant is better than 
remaining on dialysis [92]. As with hepatitis B, it is important to clear the virus or decrease 
viral load before transplantation due to risk of rejection with post-transplant interferon.  
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Use of interferon therapy after kidney transplantation is not recommended due to risk of 
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rejection [88]. This may include patients with fibrosing cholestatic hepatitis or life-
threatening vasculitis. The use of newer oral agents for hepatitis C (including telaprevir and 
boceprevir) is contraindicated in transplant recipients due to lack of research studies [93]. 
Pharmacokinetic studies conducted in healthy volunteers have demonstrated significant 
drug interactions between telaprevir and cyclosporine or tacrolimus, which could lead to 
life-threatening toxicity [93, 94].  

2.3.12. Less common but significant viral infections after transplantation 

Novel Influenza A (H1N1) is a swine-origin influenza A virus that became a pandemic in 
2009. In kidney transplant recipients, H1N1 caused significant morbidity and mortality [95-
98], and mortality is higher in transplant recipients compared to the general population [97]. 
More severe cases develop pneumonia and may require ICU admission and ventilator 
support. Poorer outcomes are associated with delayed introduction of treatment; oseltamivir 
has been used to successfully treat transplant recipients with H1N1 [96-98].  

West Nile Virus (WNV) is a single-stranded RNA virus of the Flaviviridae family that is 
transmitted to humans by mosquitoes. Since 1999, an increasing number of cases have 
occurred in North America. A limited number of severe cases have been reported in solid-
organ transplant recipients, causing morbidity and mortality. Compared with the general 
population, where the infection rate for WNV was 5 per 100,000, the rate in transplant 
recipients was 200 per 100,000 (P < .001) [99]. A seroprevalence study found a 0.25% 
seroprevalence and a resultant 40% risk of meningoencephalitis in a transplant patient with 
community acquired WNV [100]. Similar studies of immunocompetent persons estimate the 
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risk of meningoencephalitis to be less than 1%. Transmission through infected blood 
transfusion and/or transplanted organ is a risk [101]. Clinical signs and symptoms of 
infection in transplant recipients included fever, confusion, headache, weakness, 
encephalitis, and meningitis [99].  

Based on the limited number of cases of WNV infection in transplant recipients, it appears 
that delayed seroconversion due to immunosuppression may occur, leading to delayed 
diagnosis. Other diagnostic methods such as PCR may be used, although that method is not 
useful in all patients [99]. Transplant recipients should be educated about the risks of WNV 
infection, particularly in endemic areas. Patients should be encouraged to use insect repellant 
and to avoid the outdoors during the periods of dawn and dusk, when mosquitoes are most 
active. Treatment of WMV in recipients of solid-organ transplants has generally been empiric 
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Lymphocytic choriomeningitis virus (LCMV) is a rodent-borne, Old World arenavirus. 
Four clusters of LCMV infection in solid-organ transplant recipients have been reported, with 
some cases specifically linked to donor transmission of the virus [102, 103]. Liver function and 
coagulation abnormalities, transplant organ dysfunction, fever, rash, diarrhea, hyponatremia, 
thrombocytopenia, hypoxia, and renal failure are manifestations of the infection that develop 
in transplant recipients of infected organs. The mortality rate is high. LCMV is very rare; no 
routine screening is performed on organ donors. LCMV antibodies, immunohistochemistry, 
PCR, and viral culture may be used for diagnosis in suspected cases [102]. Treatment with IV 
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2.3.13. Vaccination in solid-organ transplant candidates and recipients 

Because of the likelihood of poor response to vaccines after transplantation due to inability 
to mount an optimal effective response, it is very important to have all vaccinations up to 
date before transplantation, and to carefully consider timing of administration in the post-
transplant period [104]. Influenza (inactivated) and pneumococcal vaccines should be given 
at their recommended schedules after transplantation, in order to confer as much protection 
to the patient as possible [105]. Household contacts of transplant patients should also 
receive the inactivated influenza vaccine on an annual basis. Live vaccines should be 
avoided in transplant recipients, however their household contacts may receive live vaccines 
if necessary, with the exception of smallpox and oral-poliovirus vaccines [105]. More details 
about vaccination can be found in other chapters within this book. 

2.4. Parasitic infection 

Reactivation of latent parasitic infection in previously infected patients or de novo infection 
by natural means or through the donated organs is of increasing concern in the transplant 
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community. Multiple factors are contributing to increased incidence, including the presence 
of transplant centers in endemic areas, donor and/or recipient travel from endemic areas to 
Western countries for transplant, transplant tourism, immigrants with latent infection, 
leisure travel by recipients, and use of non-cyclosporine based immune regimens [106]. 
Parasitic diseases affecting transplant recipients are outlined in Table 1. 

Classification Parasitic Infection Clinical Presentation in 
Transplant Recipients 

Comments 

 
 
 
 
 
 
 

Protozoa: 
Non-

Intestinal 

Toxoplasmosis 
(Toxoplasma gondii) 

Brain abscess, 
chorioretinitis, 

pneumonitis, disseminated 
disease

PJP prophylaxis with TMP/SMX 
covers Toxoplasmosis 

Chagas Disease 
Trypanosoma cruzi 

Panniculitis or other 
subcutaneous involvement; 

myocarditis and 
encephalitis less common

Donors from indiginous areas 
should be tested 

Leishmania 
(Old World and New 

World) 

Visceral: fever, enlarged 
spleen, pancytopenia, 

malabsorption, interstitial 
pneumonitis

Mortality usually related to 
bacterial superinfection 

Malaria (Plasmodium 
species) 

Fever, hemolysis, 
thrombocytopenia 

Identification of species 
important for treatment due to 

resistance patterns 

Babesiosis 
(Babesia species) 

Fever, malaise, hemolytic 
anemia, possible adult 

respiratory distress 
syndrome

May be difficult to distinguish 
babesiosis from malaria; 

morphology and DNA testing 
used to distinguish 

Acanthamoeba 

Keratitis, granulomatous 
amoebic encephalitis, 
pulmonary lesions, 

cutaneous lesions, sinusitis, 
disseminated disease

Biopsy diagnosis of cutaneous 
lesions and cerebrospinal fluid 

examination essential for 
diagnosis 

Protozoa: 
Intestinal 

Blastocystis hominis, 
Cryptosporidium, 

Cyclospora, Giardia, 
Isospora belli, 
Microsporidia 

Gastroenteritis,  
eosinophilia 

Difficult to eradicate; reduction 
in immunosuppression may be 
important in clearing infection. 
Reduce risk by drinking only 

municipal or bottled water 

Entamoeba histolytica

Amebic colitis, liver 
abscess; less commonly 

pulmonary, cardiac, brain 
involvement

Reduce risk by drinking only 
municipal or bottled water 

Intestinal 
Nematode 

Strongyloides 
stercoralis 

Pulmonary involvement, 
bacterial sepsis/meningitis 

(Gram negative GI 
organisms), acute, severe 

abdominal disease, 
eosinophilia

Difficult to eradicate; high 
mortality with disseminated 

infection 
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Classification Parasitic Infection 
Clinical Presentation in 
Transplant Recipients Comments 

Trematodes Schistosomiasis 
(Schistosoma species)

Abdominal pain, anorexia, 
diarrhea; hematuria, 

dysuria, urinary frequency; 
fibrosis of liver or bladder 

and ureters 

Reduce risk by avoiding fresh 
water in endemic regions 

Cestodes Echinococcosis 
(Echinococcus) 

Liver failure; possible 
extrahepatic involvement in 

lungs, brain 

May be difficult to distinguish 
from hepatic malignancy 

Table 1. Parasitic diseases affecting transplant recipients 

2.5. Drug-drug interactions and toxicities of anti-infective agents 

There are a number of clinically significant drug interactions and toxicities that must be 
considered when treating infection in the transplant population (see Table 2). Drug levels of 
several of the primary immunosuppressants must therefore be monitored frequently and 
dose adjustment is needed to achieve the desired level of the immunosuppressant [107]. 
This is important to remember both when initiating and discontinuing therapy.  

 
Anti-Infective 
Agent/Class 

Drug Interactions or Important Toxicities 
in the Transplant Population Additional Information 

Azole Antifungals 
(systemic) 

Increase levels of cyclosporine, tacrolimus, 
sirolimus and everolimus via Cytochrome 

P450 3A4 inhibition 

Empiric dose adjustment of 
immunosuppressant is 
recommended when 

initiating azole therapy 

Clotrimazole 
(topical) [108, 109]

Increase levels of tacrolimus (and possibly 
others) via Cytochrome P450 3A4 inhibition 

in the gut 

Dose adjustment often 
necessary 

Amphotericin B Enhanced nephrotoxicity 

When therapy needed for 
invasive fungal infection, 
liposomal formulations 

preferred to reduce risk of 
nephrotoxicity 

Aminoglycosides Enhanced nephrotoxicity Avoid when possible 

Macrolide 
antibiotics 

Increase levels of cyclosporine, tacrolimus, 
sirolimus and everolimus via Cytochrome 

P450 3A4 inhibition 
Effect most pronounced with erythromycin 

and clarithromycin; more rare with 
azithromycin 

Empiric dose adjustment of 
immunosuppressant is 
recommended when 
initiating macrolide 
therapy, particularly 

erythromycin or 
clarithromycin 
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Classification Parasitic Infection 
Clinical Presentation in 
Transplant Recipients Comments 

Trematodes Schistosomiasis 
(Schistosoma species)

Abdominal pain, anorexia, 
diarrhea; hematuria, 

dysuria, urinary frequency; 
fibrosis of liver or bladder 

and ureters 

Reduce risk by avoiding fresh 
water in endemic regions 

Cestodes Echinococcosis 
(Echinococcus) 

Liver failure; possible 
extrahepatic involvement in 

lungs, brain 

May be difficult to distinguish 
from hepatic malignancy 

Table 1. Parasitic diseases affecting transplant recipients 

2.5. Drug-drug interactions and toxicities of anti-infective agents 

There are a number of clinically significant drug interactions and toxicities that must be 
considered when treating infection in the transplant population (see Table 2). Drug levels of 
several of the primary immunosuppressants must therefore be monitored frequently and 
dose adjustment is needed to achieve the desired level of the immunosuppressant [107]. 
This is important to remember both when initiating and discontinuing therapy.  

 
Anti-Infective 
Agent/Class 

Drug Interactions or Important Toxicities 
in the Transplant Population Additional Information 

Azole Antifungals 
(systemic) 

Increase levels of cyclosporine, tacrolimus, 
sirolimus and everolimus via Cytochrome 

P450 3A4 inhibition 

Empiric dose adjustment of 
immunosuppressant is 
recommended when 

initiating azole therapy 

Clotrimazole 
(topical) [108, 109]

Increase levels of tacrolimus (and possibly 
others) via Cytochrome P450 3A4 inhibition 

in the gut 

Dose adjustment often 
necessary 

Amphotericin B Enhanced nephrotoxicity 

When therapy needed for 
invasive fungal infection, 
liposomal formulations 

preferred to reduce risk of 
nephrotoxicity 

Aminoglycosides Enhanced nephrotoxicity Avoid when possible 

Macrolide 
antibiotics 

Increase levels of cyclosporine, tacrolimus, 
sirolimus and everolimus via Cytochrome 

P450 3A4 inhibition 
Effect most pronounced with erythromycin 

and clarithromycin; more rare with 
azithromycin 

Empiric dose adjustment of 
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recommended when 
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therapy, particularly 

erythromycin or 
clarithromycin 
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Anti-Infective 
Agent/Class 

Drug Interactions or Important Toxicities 
in the Transplant Population Additional Information 

Rifamycins 
Decrease levels of cyclosporine, tacrolimus, 
sirolimus and everolimus via Cytochrome 

P450 3A4 induction 

Empiric dose adjustment of 
immunosuppressant is 
recommended when 

initiating rifamycin therapy 
Ganciclovir, 

Valganciclovir 
Enhanced bone marrow suppression 

Monitor WBC and platelet 
counts 

Foscarnet, 
Cidofovir 

Enhanced nephrotoxicity Avoid when possible 

Table 2. Important Drug Interactions and Toxicities with Anti-Infective Agents and 
Immunosuppressants 

3. Malignancy 

The net state of immunosuppression also affects the development of post-transplant 
malignancy. This includes not only de novo malignancy, but also recurrence of pre-transplant 
lesions. As seen in Table 3, a significant number of cancers are related to oncogenic viral 
infections. The Transplant Cancer Match Study assessed cancer risk in more than 175,000 
solid organ transplant recipients, as compared to the general population [97]. It is important 
to note that this analysis includes only patients transplanted in the U.S., and the importance 
of biliary tract and bladder cancers due to parasitic infection outside of the U.S. are not 
represented in the analysis. In addition, non-melanoma skin cancers are not included in the 
analysis. Overall, transplant recipients had a cancer risk twice that of the general 
population. For kidney transplant recipients, the standardized incidence ratio for the most 
common malignancies seen across all transplant recipients regardless of organ was highest 
for kidney cancer (6.66), non-Hodgkin lymphoma (6.05) and lung cancer (1.46).  

Non-melanoma skin cancers are the most common malignancy seen in the organ transplant 
population, and the incidence of these cancers is 3 to 5 times that of the general population. 
Although both basal (BCC) and squamous cell carcinoma (SCC) occur, SCC tends to occur 
more frequently in transplant recipients, as compared to a predominance of BCC in the 
general population. Both SCC and BCC occur at a younger age when compared to the 
general population. In addition, SCC tends to be more aggressive in transplant recipients as 
compared to the course in the general population [110]. This includes an increased number 
of primary tumors, deep tissue spread, perineural and lymphatic invasion, recurrence, and 
need for radiation or chemotherapy [110]. Guidelines for the management of transplant 
patients with SCC were published in 2004 [111]. Recurrent, de novo and donor-transmitted 
melanoma are also a concern in transplant recipients [112]. Guidelines for proposed 
reduction in immunosuppression for transplant patients with skin cancers are available 
[113].  

Renal cell carcinoma (RCC) of the native kidney(s) is diagnosed in 0.3% to 4.8% of kidney 
transplant recipients [114, 115], and in the transplant kidney in approximately 0.2% [116]. 
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Patients with pre-transplant cystic lesions are more likely to develop RCC by three years 
after transplant compared to those without (2.3% vs. 0.7%, respectively) [115]. Risk factors 
for developing RCC after transplant have included pre-transplant cystic disease/lesions, 
male gender, African-American race, older recipients (> 65 years at transplant), longer time 
on dialysis prior to transplant, older donor age (> 55 years), and treatment of acute rejection 
within 1 year of transplant [114, 115]. Most cases of RCC have papillary or clear cell 
histology, and RCC in one kidney is associated with RCC in the contralateral native kidney. 
Most cases are diagnosed incidentally, are low-grade, and are managed by native 
nephrectomy. More aggressive tumors may require chemotherapy, minimization or change 
in immunosuppression, and/or radiation. Interestingly, the mTOR inhibitor everolimus is 
FDA-approved as second line therapy for advanced RCC, and thus may be a preferred 
immunosuppressant in this setting.  

Historically, post-transplant lymphoproliferative disorder (PTLD) has been a major concern 
for solid organ transplant recipients. A recent analysis of Scientific Registry of Transplant 
Recipients (SRTR) data for 156,740 kidney transplant recipients found an incidence of 0.7% 
at 5 years and 1.4% at 10 years [117]. This analysis, similar to prior reports, showed a clear 
distinction between early (less than 2 years after transplant) and late-onset (more than 2 
years) PTLD. Risk factors for early PTLD on multivariate analysis include age 19 or younger 
at transplant, non-Hispanic white ethnicity, EBV negative serostatus at transplant, and CMV 
negative serostatus at transplant, while risk factors for late PTLD include age 19 or younger 
or 50 years or older at transplant and non-Hispanic white ethnicity. The use of induction 
therapy, including when the analysis was limited to T cell depleting agents, did not increase 
the risk of PTLD. In addition to PTLD, elderly transplant recipients are at increased risk for 
various hematologic malignancies [118]. Treatment of PTLD may include reduction in 
immunosuppression, surgery, anti-viral therapy, chemotherapy (including 
immunochemotherapy (rituximab)), and/or radiation.  
 

Infectious Agent Associated Sites/Types of Cancer 

Epstein Barr Virus (EBV) 
Non-Hodgkin Lymphoma, Hodgkin Lymphoma, 

PTLD, Nasopharyngeal 
Human Papillomavirus Cervix, Vulva, Vagina, Penis, Anus, Oropharynx 

Hepatitis B and Hepatitis C Liver 
Human Herpesvirus 8 (HHV8) Kaposi sarcoma 

Helicobacter pylori Stomach 

Table 3. Oncogenic Infectious Agents 

4. Conclusion 
In summary, complications of over-immunosuppression after solid-organ transplantation 
can lead to significant morbidity and mortality if not promptly diagnosed and treated. 
However, the growing armamentarium of knowledge, diagnostic tools and therapeutic 
agents available for the prevention and treatment of these infections and malignancies will 
continue to improve the quality of care for these patients. 
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Anti-Infective 
Agent/Class 

Drug Interactions or Important Toxicities 
in the Transplant Population Additional Information 
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Table 2. Important Drug Interactions and Toxicities with Anti-Infective Agents and 
Immunosuppressants 
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malignancy. This includes not only de novo malignancy, but also recurrence of pre-transplant 
lesions. As seen in Table 3, a significant number of cancers are related to oncogenic viral 
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to note that this analysis includes only patients transplanted in the U.S., and the importance 
of biliary tract and bladder cancers due to parasitic infection outside of the U.S. are not 
represented in the analysis. In addition, non-melanoma skin cancers are not included in the 
analysis. Overall, transplant recipients had a cancer risk twice that of the general 
population. For kidney transplant recipients, the standardized incidence ratio for the most 
common malignancies seen across all transplant recipients regardless of organ was highest 
for kidney cancer (6.66), non-Hodgkin lymphoma (6.05) and lung cancer (1.46).  

Non-melanoma skin cancers are the most common malignancy seen in the organ transplant 
population, and the incidence of these cancers is 3 to 5 times that of the general population. 
Although both basal (BCC) and squamous cell carcinoma (SCC) occur, SCC tends to occur 
more frequently in transplant recipients, as compared to a predominance of BCC in the 
general population. Both SCC and BCC occur at a younger age when compared to the 
general population. In addition, SCC tends to be more aggressive in transplant recipients as 
compared to the course in the general population [110]. This includes an increased number 
of primary tumors, deep tissue spread, perineural and lymphatic invasion, recurrence, and 
need for radiation or chemotherapy [110]. Guidelines for the management of transplant 
patients with SCC were published in 2004 [111]. Recurrent, de novo and donor-transmitted 
melanoma are also a concern in transplant recipients [112]. Guidelines for proposed 
reduction in immunosuppression for transplant patients with skin cancers are available 
[113].  

Renal cell carcinoma (RCC) of the native kidney(s) is diagnosed in 0.3% to 4.8% of kidney 
transplant recipients [114, 115], and in the transplant kidney in approximately 0.2% [116]. 
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on dialysis prior to transplant, older donor age (> 55 years), and treatment of acute rejection 
within 1 year of transplant [114, 115]. Most cases of RCC have papillary or clear cell 
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Most cases are diagnosed incidentally, are low-grade, and are managed by native 
nephrectomy. More aggressive tumors may require chemotherapy, minimization or change 
in immunosuppression, and/or radiation. Interestingly, the mTOR inhibitor everolimus is 
FDA-approved as second line therapy for advanced RCC, and thus may be a preferred 
immunosuppressant in this setting.  

Historically, post-transplant lymphoproliferative disorder (PTLD) has been a major concern 
for solid organ transplant recipients. A recent analysis of Scientific Registry of Transplant 
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at 5 years and 1.4% at 10 years [117]. This analysis, similar to prior reports, showed a clear 
distinction between early (less than 2 years after transplant) and late-onset (more than 2 
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negative serostatus at transplant, while risk factors for late PTLD include age 19 or younger 
or 50 years or older at transplant and non-Hispanic white ethnicity. The use of induction 
therapy, including when the analysis was limited to T cell depleting agents, did not increase 
the risk of PTLD. In addition to PTLD, elderly transplant recipients are at increased risk for 
various hematologic malignancies [118]. Treatment of PTLD may include reduction in 
immunosuppression, surgery, anti-viral therapy, chemotherapy (including 
immunochemotherapy (rituximab)), and/or radiation.  
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4. Conclusion 
In summary, complications of over-immunosuppression after solid-organ transplantation 
can lead to significant morbidity and mortality if not promptly diagnosed and treated. 
However, the growing armamentarium of knowledge, diagnostic tools and therapeutic 
agents available for the prevention and treatment of these infections and malignancies will 
continue to improve the quality of care for these patients. 
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1. Introduction 

BK virus infection is a challenging complication in renal allograft recipients and has been 
associated with hematuria, ureteral stenosis, nephropathy and malignancy. BK virus 
infection occurs early during childhood and the virus lays dormant in uroepithelial cells. 
Reactivation of the virus in renal transplant recipients is particularly worrisome because of 
its propensity to cause local damage and incite an inflammatory response leading to acute 
kidney injury and possible graft loss. Recent, OPTN (Organ Procurement and Transplant 
Network) registry analysis suggests that the incidence of BK virus related complications are 
rising and between June 2004 and December 2008, 823 grafts were lost secondary to BK 
virus related complications [1]. This review will focus on BKV nephropathy (BKVN) in renal 
allograft recipients. 

2. Early history of BKV replication 

BK virus (BKV) is a non-enveloped DNA virus that is a member of the polyomavirus family. 
It shares >70% homology to the other polyomaviruses such as JC virus, a human pathogen, 
and simian virus 40, an unclear pathogen originally identified in monkeys [2]. BKV was first 
isolated by Gardner and his colleagues in 1971 from the ureter of a renal transplant recipient 
who presented with acute renal failure and ureteral stenosis [3]. It was not until 1995, that 
the second case was identified in the kidney biopsy of a renal allograft recipient at the 
University of Pittsburgh [4]. In both cases, the patients were treated for rejection prior to 
detection of the BK virus infection. The case from Pittsburgh illustrates the complexity of 
this problem. The biopsy of the patient demonstrated virus infection and acute rejection. 
Attempts at treatment of rejection with steroids only resulted in partial response. This was 
followed by IVIG therapy and a trial of reduction in immunosuppression. Eighteen weeks 
following the initial diagnosis, the patient lost his graft. The nephrectomy specimen showed 
“moderate acute rejection, chronic vascular rejection and scattered viral inclusions.” BKV 
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replication in immunosuppressed individuals has also been reported to cause native kidney 
pathology [5-7]. 

3. Natural history of BKV replication 

By the age of 15, greater than 90% of individuals have evidence of past exposure to BKV as 
detected by BKV specific antibody response. The primary infection is associated with mild 
symptoms at best, mild upper respiratory infection or mild cystitis. The virus lies dormant 
in the uroepithelial cells in normal hosts where the intact immune system effectively 
prevents viral replication. When the host immune system is compromised, the virus, 
consisting of viral capsid proteins (VP1, VP2 & VP3) and circular double stranded DNA of 
approximately 5000 base pairs, begins its lytic life cycle [2, 8]. The virus capsid protein, VP1, 
attaches to the cell membrane via glycoproteins/gangliosides and is endocytosed via 
caveolae-mediated endocytosis. The virus is then transported to the nucleus where VP2&3 
facilitate its entry and the virus utilizes host machinery to facilitate transcription of early 
and late genes. Early gene proteins, large T antigen, truncated T antigen and small t antigen, 
facilitate DNA replication and transcription of late genes, virus capsid protein. The virus 
capsid proteins are synthesized in the cytoplasm and transported back to the nucleus for 
final virus assembly containing the dsDNA virus copy. Intranuclear assembly of multiple 
virions causes cell rupture and release of virions into the extracellular space and possible 
entry into the circulation via peritubular capillaries. 

In renal transplant recipients, BKV replication can be detected in the urine within weeks of 
transplantation. In our studies using BKV VP1 mRNA levels, we found the incidence of BKV 
replication to be 10% at 1 month, 20% at 3 months, 30% at 6 months which plateaued at 12 
month post-transplantation. Similarly other studies identified viruria rates of 19% to 49% 
within the first year post-transplantation using DNA based assays [9, 10]. Hirsch and 
colleagues detected BKV replication using decoy cells in the urine in 30% of their study 
population [11]. Following the detection of viruria, some patients develop viremia. The 
incidence of BK viremia is less common, varying from 11% to 29% [12, 13]. Viremia is 
believed to result from a more extensive infection leading to severe tubular injury with 
rupture of tubular basement membranes and entry of the virus into the blood stream via 
peritubular capillaries. Ultimately, sustained viremia is associated with BKVN in 1% to 8% 
of individuals [14]. According to recent analysis of OPTN registry data, the cumulative 
incidence of BKVN increases from 2% at one year to 3.5% at two years to 6.6% at five  
years [1].  

4. Risk factors for BKV replication and nephropathy 

Risk factors for BKV replication and nephropathy include these that affect the recipient’s 
immune response as well as other donor and recipient factors that have been linked through 
epidemiological studies. Modifiers of the immune response include immunosuppressive 
therapies, recipient humoral and cellular immunity as well as properties of the virus that 
may lead to increased virulence and immune evasion. Current data suggest that early 
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recognition of BKV replication and modulation of immune therapy, allowing for effective 
recipient response against the virus, would reduce the risk of BKV nephropathy 
significantly [15]. [Table 1]  
 

Modifiers of Effective Immune Response Other Risk Factors

1. Therapy affecting immune response 1. Donor graft factors
Induction therapy (ATG) Seropositive donor 
Tacrolimus / MMF combination maintenance 
therapy 

High donor BKV antibody titer 
High dose tacrolimus therapy Greater number of HLA 

mismatches 
Treatment of rejection post-transplantation Lack of HLA -C7 antigen 
Steroid maintenance (triple drug therapy) Ischemic injury / DGF 

2. Recipient immune memory Placement of ureteral stent 
BKV specific humoral immunity / response 2. Recipient factors
BKV specific cellular immunity / response Older age

3. Virus factors  Male gender
Virulence / Serotype(s) History of Diabetes
Immune evasion History of BKVN in previous graft 

Table 1. Risk Factors for BKV Nephropathy (BKVN) 
ATG, anti-thymocyte globulin;  HLA, human leukocyte antigen; DGF, delayed graft function ; Adopted 
from Medeiros M, Dadhania D, and Velásquez-Jones L,  "Nefropatía por virus BK" in Infecciones en el 
paciente receptor de trasplante renal (Alberú J, Morales JL; Publicaciones Permanyer; 2012) In press. 

5. Immunosuppressive agents 

The intensity of immunosuppression is the major risk factor for BKV replication and 
subsequent development of BKV nephropathy. Our center performed a prospective study to 
identify risk factors for BKV replication using BKV VP1 mRNA measurements in the urine and 
found that ATG induction (OR=5.8; P=0.008) and prednisone maintenance (OR=8.3; P=0.003) 
were independent risk factors for BKV replication in individuals maintained on tacrolimus 
and MMF [16]. In addition to potent induction therapies, treatment of acute rejection with 
steroids was also found to be an independent  risk factor for BKV replication and 
nephropathy[11][17].  

Type of maintenance immunosuppressive therapies may be an important risk factor for BKV 
nephropathy. As evidenced by low acute rejection rates, the combination of tacrolimus and 
mycophenolate mofetil is currently the most potent combination of maintenance 
immunosuppressive therapies [18-20]. Brennan and colleagues performed a prospective 
randomized controlled trial of 200 renal allograft recipients who received either tacrolimus 
or cyclosporine in combination with azathioprine (AZA) in the low risk group and MMF in 
the high risk group and found the incidence of BKV replication (viruria and viremia) to be 
highest in the tacrolimus /MMF combination (46% viruria and 13% viremia) [21]. 
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incidence of BKVN increases from 2% at one year to 3.5% at two years to 6.6% at five  
years [1].  

4. Risk factors for BKV replication and nephropathy 

Risk factors for BKV replication and nephropathy include these that affect the recipient’s 
immune response as well as other donor and recipient factors that have been linked through 
epidemiological studies. Modifiers of the immune response include immunosuppressive 
therapies, recipient humoral and cellular immunity as well as properties of the virus that 
may lead to increased virulence and immune evasion. Current data suggest that early 
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recognition of BKV replication and modulation of immune therapy, allowing for effective 
recipient response against the virus, would reduce the risk of BKV nephropathy 
significantly [15]. [Table 1]  
 

Modifiers of Effective Immune Response Other Risk Factors

1. Therapy affecting immune response 1. Donor graft factors
Induction therapy (ATG) Seropositive donor 
Tacrolimus / MMF combination maintenance 
therapy 

High donor BKV antibody titer 
High dose tacrolimus therapy Greater number of HLA 

mismatches 
Treatment of rejection post-transplantation Lack of HLA -C7 antigen 
Steroid maintenance (triple drug therapy) Ischemic injury / DGF 

2. Recipient immune memory Placement of ureteral stent 
BKV specific humoral immunity / response 2. Recipient factors
BKV specific cellular immunity / response Older age

3. Virus factors  Male gender
Virulence / Serotype(s) History of Diabetes
Immune evasion History of BKVN in previous graft 

Table 1. Risk Factors for BKV Nephropathy (BKVN) 
ATG, anti-thymocyte globulin;  HLA, human leukocyte antigen; DGF, delayed graft function ; Adopted 
from Medeiros M, Dadhania D, and Velásquez-Jones L,  "Nefropatía por virus BK" in Infecciones en el 
paciente receptor de trasplante renal (Alberú J, Morales JL; Publicaciones Permanyer; 2012) In press. 

5. Immunosuppressive agents 

The intensity of immunosuppression is the major risk factor for BKV replication and 
subsequent development of BKV nephropathy. Our center performed a prospective study to 
identify risk factors for BKV replication using BKV VP1 mRNA measurements in the urine and 
found that ATG induction (OR=5.8; P=0.008) and prednisone maintenance (OR=8.3; P=0.003) 
were independent risk factors for BKV replication in individuals maintained on tacrolimus 
and MMF [16]. In addition to potent induction therapies, treatment of acute rejection with 
steroids was also found to be an independent  risk factor for BKV replication and 
nephropathy[11][17].  

Type of maintenance immunosuppressive therapies may be an important risk factor for BKV 
nephropathy. As evidenced by low acute rejection rates, the combination of tacrolimus and 
mycophenolate mofetil is currently the most potent combination of maintenance 
immunosuppressive therapies [18-20]. Brennan and colleagues performed a prospective 
randomized controlled trial of 200 renal allograft recipients who received either tacrolimus 
or cyclosporine in combination with azathioprine (AZA) in the low risk group and MMF in 
the high risk group and found the incidence of BKV replication (viruria and viremia) to be 
highest in the tacrolimus /MMF combination (46% viruria and 13% viremia) [21]. 
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The dose of maintenance immunosuppressive therapies may also be an important factor. In 
another retrospective review of 575 renal allograft recipients, Cosio and colleagues 
evaluated the impact of tacrolimus dose on the incidence of BKV nephropathy [22]. The 
historical cohort received higher tacrolimus doses (12-15ng/ml in first month, 10-12ng/ml 
month 1 to 4, 8-10ng/ml  month 4 to 12 and then 6-8ng/ml) while the recent cohort received 
lower tacrolimus doses (10-12ng/ml in first month, 8-10ng/ml month 1-4 and 6-8ng/ml 
thereafter). The authors found a significantly lower incidence of BKV nephropathy with 
lower tacrolimus doses (3.6% in the low vs. 12.7% in the high tacrolimus group; P<0.001). In 
a recent case-controlled analysis of 99 renal allograft recipients (33 cases and 66 controls), 
the authors found higher tacrolimus levels and prednisone doses during the three months 
preceding the diagnosis of BKV nephropathy compared to the controls who had undergone 
a biopsy and did not have BKV nephropathy [23]. They performed random effects logistic 
modeling and found tacrolimus level (OR=1.3; P=0.03) and prednisone dose (OR=1.22; 
P=0.02) to be independently associated with BKVN diagnosis. MMF dose was not different 
between the two groups. 

A recent study evaluated the treatment trends for BKV replication in a cohort of 48,292 
solitary kidney transplant recipients transplanted from January 2003 to December 2006 
[1]. In their analysis, the authors found a rising trend in treatment of BKV replication, 
corresponding to an increased use of ATG (anti-thymocyte13 globulin) induction therapy 
and tacrolimus based maintenance immunosuppression. Independent risk factors for BKV 
replication include ATG induction, tacrolimus, mycophenolate mofetil (MMF) and 
prednisone maintenance therapies and treatment of acute rejection within the first six 
months after transplant. In contrast, interleukin 2 receptor (IL-2R) antibody and 
alemtuzumab induction were not associated with increased incidence of BKV associated 
treatment. mTOR inhibitor use was associated with a protective effect (HR=0.69; P=0.005) 
and may be associated with be associated with a decreased incidence of BKV 
nephropathy [1, 24]. In-vitro studies suggest that mTOR inhibitors may inhibit BKV 
replication via inhibition of large T antigen [25]. A large randomized controlled trial of 
everolimus with low dose cyclosporine versus MMF with standard cyclosporine dose 
suggested a lower incidence of BKV viruria and viremia in the everolimus treated group 
[26]. However, other studies have not demonstrated a protective effect and as a result 
larger prospective studies are needed to evaluate the role of mTOR inhibitors on BKV 
replication [18]. 

6. Recipient humoral and cellular immunity  

BKV-specific antibody response may play an important role in the risk for developing BKV 
nephropathy. Epidemiological studies suggest greater than 90% of adults have been 
exposed to BK virus during the early years [27] and have measurable humoral immunity. It 
has also been noted that the antibody titers increase with the development of BKV 
viremia/nephropathy in the post-transplant period [28]. A study of 70 renal allograft 
recipients demonstrated that pre-transplant serum anti-BKV IgG titers were lower in 
patients who went on to develop BKV viremia compared to the 17 patients who never 
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developed BKV viremia. In those that developed BKV infection, the magnitude of the rise in 
antibody titer post-transplant correlated with intensity of BKV infection [29]. The same 
authors demonstrated that the donor BKV seropositive status and the magnitude of the 
antibody titer was significantly associated with BKV replication in the recipient [30]. 
Together these data suggest that BKV-specific memory immune response is important for 
controlling BKV replication and preventing BKV nephropathy especially when the donor 
has had significant exposure to BKV as measured by BKV antibody titers.  

Recent studies have focused on measuring cellular immune response to the BK virus. 
Similar to the antibody response, BKV specific INFγ secreting T cells increase with the 
development of BKV viremia. Detection of this cellular immune response early after 
development of BKV viremia is associated with self-limited BKV infection and the 
prevention of BKV nephropathy [31, 32]. In addition, tacrolimus therapy inhibits BKV 
specific T cell immune response and reduction of immunosuppressive therapies does lead to 
an increase in the BKV specific cellular immune response [33]. Recipients who are not able 
to increase BKV specific cellular immune response promptly with BKV replication may be at 
increased risk for nephropathy and kidney damage. 

7. Other associated risk factors 

Several studies have identified the HLA type of donor and recipient to be important risk 
factors for BKV nephropathy. Although not all of the studies have found a significant 
association between HLA mismatches and risk of BKV nephropathy, Awadalla and 
colleagues found 5-6 HLA mismatches as a significant independent risk factor for BKVN 
(OR=7.6; P=0.004) in a large study cohort (n=440) with 40 BKVN patients [34]. Although no 
association was found with HLA mismatches, Bohl and colleagues found an increased risk 
of BKVN if the donor lacked HLA-Cw7 allele (RR=3.6; P=0.008) [30]. In addition, they also 
found a significantly increased risk of BKVN with positive donor serostatus for BKV IgG 
(RR=3.1. P=0.007).  

Additional recipient risk factors that have been identified are a history of diabetes, older age 
and male gender [1, 17, 35, 36]. Transplant surgery associated variables such as delayed 
graft function (DGF), ischemia, deceased donor grafts and use of ureteral stents have also 
been identified as risk factors for BKV viremia/nephropathy [1, 37, 38]. 

8. Diagnosis of BKV replication and BKVN 

8.1. Noninvasive assays for diagnosis of BKV replication 

There are several assays available for the diagnosis of BKV replication in renal allograft 
recipients. One of the earliest assays was the use of decoy cells in the urine. In this assay 
urine was examined under the microscope to look for virus infected cells that showed the 
typical ground glass appearance of the nucleus resulting from intranuclear viral inclusion 
bodies [39]. Evaluation of “negatively-stained“ urine specimens using electron microscopy 
(EM) identified the typical icosahedral shaped virions [40]. In the current era, the most 
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The dose of maintenance immunosuppressive therapies may also be an important factor. In 
another retrospective review of 575 renal allograft recipients, Cosio and colleagues 
evaluated the impact of tacrolimus dose on the incidence of BKV nephropathy [22]. The 
historical cohort received higher tacrolimus doses (12-15ng/ml in first month, 10-12ng/ml 
month 1 to 4, 8-10ng/ml  month 4 to 12 and then 6-8ng/ml) while the recent cohort received 
lower tacrolimus doses (10-12ng/ml in first month, 8-10ng/ml month 1-4 and 6-8ng/ml 
thereafter). The authors found a significantly lower incidence of BKV nephropathy with 
lower tacrolimus doses (3.6% in the low vs. 12.7% in the high tacrolimus group; P<0.001). In 
a recent case-controlled analysis of 99 renal allograft recipients (33 cases and 66 controls), 
the authors found higher tacrolimus levels and prednisone doses during the three months 
preceding the diagnosis of BKV nephropathy compared to the controls who had undergone 
a biopsy and did not have BKV nephropathy [23]. They performed random effects logistic 
modeling and found tacrolimus level (OR=1.3; P=0.03) and prednisone dose (OR=1.22; 
P=0.02) to be independently associated with BKVN diagnosis. MMF dose was not different 
between the two groups. 

A recent study evaluated the treatment trends for BKV replication in a cohort of 48,292 
solitary kidney transplant recipients transplanted from January 2003 to December 2006 
[1]. In their analysis, the authors found a rising trend in treatment of BKV replication, 
corresponding to an increased use of ATG (anti-thymocyte13 globulin) induction therapy 
and tacrolimus based maintenance immunosuppression. Independent risk factors for BKV 
replication include ATG induction, tacrolimus, mycophenolate mofetil (MMF) and 
prednisone maintenance therapies and treatment of acute rejection within the first six 
months after transplant. In contrast, interleukin 2 receptor (IL-2R) antibody and 
alemtuzumab induction were not associated with increased incidence of BKV associated 
treatment. mTOR inhibitor use was associated with a protective effect (HR=0.69; P=0.005) 
and may be associated with be associated with a decreased incidence of BKV 
nephropathy [1, 24]. In-vitro studies suggest that mTOR inhibitors may inhibit BKV 
replication via inhibition of large T antigen [25]. A large randomized controlled trial of 
everolimus with low dose cyclosporine versus MMF with standard cyclosporine dose 
suggested a lower incidence of BKV viruria and viremia in the everolimus treated group 
[26]. However, other studies have not demonstrated a protective effect and as a result 
larger prospective studies are needed to evaluate the role of mTOR inhibitors on BKV 
replication [18]. 

6. Recipient humoral and cellular immunity  

BKV-specific antibody response may play an important role in the risk for developing BKV 
nephropathy. Epidemiological studies suggest greater than 90% of adults have been 
exposed to BK virus during the early years [27] and have measurable humoral immunity. It 
has also been noted that the antibody titers increase with the development of BKV 
viremia/nephropathy in the post-transplant period [28]. A study of 70 renal allograft 
recipients demonstrated that pre-transplant serum anti-BKV IgG titers were lower in 
patients who went on to develop BKV viremia compared to the 17 patients who never 
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developed BKV viremia. In those that developed BKV infection, the magnitude of the rise in 
antibody titer post-transplant correlated with intensity of BKV infection [29]. The same 
authors demonstrated that the donor BKV seropositive status and the magnitude of the 
antibody titer was significantly associated with BKV replication in the recipient [30]. 
Together these data suggest that BKV-specific memory immune response is important for 
controlling BKV replication and preventing BKV nephropathy especially when the donor 
has had significant exposure to BKV as measured by BKV antibody titers.  

Recent studies have focused on measuring cellular immune response to the BK virus. 
Similar to the antibody response, BKV specific INFγ secreting T cells increase with the 
development of BKV viremia. Detection of this cellular immune response early after 
development of BKV viremia is associated with self-limited BKV infection and the 
prevention of BKV nephropathy [31, 32]. In addition, tacrolimus therapy inhibits BKV 
specific T cell immune response and reduction of immunosuppressive therapies does lead to 
an increase in the BKV specific cellular immune response [33]. Recipients who are not able 
to increase BKV specific cellular immune response promptly with BKV replication may be at 
increased risk for nephropathy and kidney damage. 

7. Other associated risk factors 

Several studies have identified the HLA type of donor and recipient to be important risk 
factors for BKV nephropathy. Although not all of the studies have found a significant 
association between HLA mismatches and risk of BKV nephropathy, Awadalla and 
colleagues found 5-6 HLA mismatches as a significant independent risk factor for BKVN 
(OR=7.6; P=0.004) in a large study cohort (n=440) with 40 BKVN patients [34]. Although no 
association was found with HLA mismatches, Bohl and colleagues found an increased risk 
of BKVN if the donor lacked HLA-Cw7 allele (RR=3.6; P=0.008) [30]. In addition, they also 
found a significantly increased risk of BKVN with positive donor serostatus for BKV IgG 
(RR=3.1. P=0.007).  

Additional recipient risk factors that have been identified are a history of diabetes, older age 
and male gender [1, 17, 35, 36]. Transplant surgery associated variables such as delayed 
graft function (DGF), ischemia, deceased donor grafts and use of ureteral stents have also 
been identified as risk factors for BKV viremia/nephropathy [1, 37, 38]. 

8. Diagnosis of BKV replication and BKVN 

8.1. Noninvasive assays for diagnosis of BKV replication 

There are several assays available for the diagnosis of BKV replication in renal allograft 
recipients. One of the earliest assays was the use of decoy cells in the urine. In this assay 
urine was examined under the microscope to look for virus infected cells that showed the 
typical ground glass appearance of the nucleus resulting from intranuclear viral inclusion 
bodies [39]. Evaluation of “negatively-stained“ urine specimens using electron microscopy 
(EM) identified the typical icosahedral shaped virions [40]. In the current era, the most 
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commonly used noninvasive assay for diagnosis of BKV replication is urine or plasma BKV 
DNA copy numbers using real-time quantitative PCR assays.  

Our center has developed and validated a noninvasive assay for the diagnosis of BKV 
replication and BKV nephropathy using urinary cell mRNA assay. In a cohort of 89 patients, 
urinary cell mRNA levels of BKV VP1 copies above 6.5x105 (copies/ng total RNA) diagnosed 
BKVN with 100% sensitivity and 97% specificity with a positive predictive value of 86% for 
BKVN [41]. More recently, urinary Haufen was introduced as an accurate predictor of 
BKVN by a group from the University of North Carolina. Urinary Haufen are “cast-like 
polyomavirus aggregates” that are detected in the urine using EM [42]. In their 
investigation, the authors compared the diagnostic utility of current noninvasive tests in 
clinical practice to urinary Haufen and found that urinary Haufen was associated with the 
highest specificity and positive predictive value. Table 2 lists the results from this study as 
well as our center‘s study of urinary cell BKV VP1 assay to provide a comprehensive view of 
all the noninvasive diagnostic assays available for BKVN.  
 

University of North Carolina – Singh et al. JASN 2009 

Test N Sensitivity Specificity PPV NPV 

Haufen  32 100% 99% 97% 100% 
Decoy Cells 32 100% 36% 40% 100% 
Urine BKV load – DNA 
>1,000 K 

32 100% 47% 44% 100% 

Plasma BKV load 
>10 K 

32 72% 88% 74% 88% 

Weill Cornell Medical Center –  Dadhania et al. Transplantation 2010 

Test N Sensitivity Specificity PPV NPV 
Urinary cell BKV VP1 
mRNA 

88 100% 97% 86% 100% 

Table 2. Non-Invasive Diagnosis of BKV Replication 
PPV: Positive Predictive Value; NPV: Negative Predictive Value 

8.2. Histological diagnosis of BKV nephropathy 

Although noninvasive assays are commonly used as a screening tool to identify BKV 
replication early, the gold standard is still the renal allograft biopsy. The diagnosis of BKVN 
is made based on the presence of typical viral cytopathic changes in the renal tubular 
epithelial cells. The presence of BKV is confirmed using an immunohistochemical (IC) 
staining of the nucleus using an antibody against the large T antigen of SV40 virus which 
cross reacts with BK and JC viruses [43]. Recently a more sophisticated assay, fluorescence 
in situ hybridization (FISH) has been developed to identify BK virus within the kidney. In a 
recent study, a side by side comparison demonstrates no clear advantage of FISH over IC 
staining [44]. BKVN progresses from early lesions demonstrating normal renal parenchyma 
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with scattered tubular epithelial cells with BK associated cytopathic changes, to significant 
tubular damage and an inflammatory response associated with tubulitis, to an advanced 
lesion where there is considerable tubular atrophy and interstitial fibrosis with chronic 
inflammation and only scattered cytopathic changes. 

A large retrospective review of BKVN associated biopsies performed by the group at the 
University of Maryland has led the way in developing the diagnostic criteria for different 
patterns of BKVN [45]. They identified three patterns of histological injury: Pattern A with 
viral cytopathic changes and almost normal parenchyma, Pattern B with viral cytopathic 
changes and significant inflammation and tubulitis with varying degrees of interstitial 
fibrosis and tubular atrophy, and Pattern C with diffuse fibrosis and tubular atrophy 
associated with some inflammation and very little viral cytopathic changes. Pattern B was 
divided into B1, B2 & B3 based on the degree of interstitial fibrosis and tubular atrophy. In 
their evaluation, they noted that Pattern A was associated with 15% risk of graft loss, Pattern 
B was associated with 25-75% risk of graft loss and Pattern C was associated with >80% risk 
of graft loss. It is important to note that in their investigation, they also found a 37% 
discordance rate between two cores of renal allograft tissue obtained from the same biopsy 
procedure within the same patient, suggesting that the pathological changes can be patchy 
in nature and a renal allograft biopsy can miss the diagnosis of BKVN.  

Recently, the Banff 2009 meeting group has collapsed these patterns into three simple stages 
– A (early), B (florid) and C (late sclerosing stage) and semiquantified the histological viral 
loads based on the cytopathic changes. At this time, there are no large studies correlating the 
use of this system with clinical outcomes [46]. However, a side by side comparison of this 
schema with an older schema demonstrated no clear advantage of the new staging system 
compared to the one developed by University of Maryland [47]. Overall, BKVN diagnosis 
associated with minimal inflammation and minimal scarring has the best prognosis and less 
than 15% risk of graft loss. The majority of patients with significant inflammation and/or 
scarring are at risk for persistent allograft dysfunction or progressive decline in renal 
function. 

The presence of the BKV associated cytopathic changes with interstitial inflammation and 
tubulitis has been the topic of discussion for some time as tubulitis is a hallmark of acute 
rejection diagnosis. Some support the notion that it represents concurrent acute rejection 
process within the allograft. However, others feel that it is difficult to separate the anti-viral 
response from the anti-allograft response. Previous studies suggested that HLA-DR staining 
of renal allograft would distinguish BKVN with rejection from BKVN alone. However, these 
data have not been validated in subsequent studies and HLA-DR staining is not used 
routinely to identify concurrent acute rejection [48, 49]. In patients with BKVN, renal tubules 
with intense cytopathic changes demonstrated positive C4d staining of the tubular basement 
membrane but not in peritubular capillaries. In a study of 113 biopsies of renal allograft 
from recipients with BKV replication, PTC (peritubular capillary) C4d staining was found to 
be a valid marker for antibody mediated rejection [50]. In patients with BKVN, renal tubules 
with intense cytopathic changes demonstrated positive C4d staining of the tubular basement 
membrane but not in peritubular capillaries.  
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commonly used noninvasive assay for diagnosis of BKV replication is urine or plasma BKV 
DNA copy numbers using real-time quantitative PCR assays.  

Our center has developed and validated a noninvasive assay for the diagnosis of BKV 
replication and BKV nephropathy using urinary cell mRNA assay. In a cohort of 89 patients, 
urinary cell mRNA levels of BKV VP1 copies above 6.5x105 (copies/ng total RNA) diagnosed 
BKVN with 100% sensitivity and 97% specificity with a positive predictive value of 86% for 
BKVN [41]. More recently, urinary Haufen was introduced as an accurate predictor of 
BKVN by a group from the University of North Carolina. Urinary Haufen are “cast-like 
polyomavirus aggregates” that are detected in the urine using EM [42]. In their 
investigation, the authors compared the diagnostic utility of current noninvasive tests in 
clinical practice to urinary Haufen and found that urinary Haufen was associated with the 
highest specificity and positive predictive value. Table 2 lists the results from this study as 
well as our center‘s study of urinary cell BKV VP1 assay to provide a comprehensive view of 
all the noninvasive diagnostic assays available for BKVN.  
 

University of North Carolina – Singh et al. JASN 2009 

Test N Sensitivity Specificity PPV NPV 

Haufen  32 100% 99% 97% 100% 
Decoy Cells 32 100% 36% 40% 100% 
Urine BKV load – DNA 
>1,000 K 

32 100% 47% 44% 100% 

Plasma BKV load 
>10 K 

32 72% 88% 74% 88% 

Weill Cornell Medical Center –  Dadhania et al. Transplantation 2010 

Test N Sensitivity Specificity PPV NPV 
Urinary cell BKV VP1 
mRNA 

88 100% 97% 86% 100% 

Table 2. Non-Invasive Diagnosis of BKV Replication 
PPV: Positive Predictive Value; NPV: Negative Predictive Value 

8.2. Histological diagnosis of BKV nephropathy 

Although noninvasive assays are commonly used as a screening tool to identify BKV 
replication early, the gold standard is still the renal allograft biopsy. The diagnosis of BKVN 
is made based on the presence of typical viral cytopathic changes in the renal tubular 
epithelial cells. The presence of BKV is confirmed using an immunohistochemical (IC) 
staining of the nucleus using an antibody against the large T antigen of SV40 virus which 
cross reacts with BK and JC viruses [43]. Recently a more sophisticated assay, fluorescence 
in situ hybridization (FISH) has been developed to identify BK virus within the kidney. In a 
recent study, a side by side comparison demonstrates no clear advantage of FISH over IC 
staining [44]. BKVN progresses from early lesions demonstrating normal renal parenchyma 

 
BK Virus Infection in Renal Allograft Recipients 205 

with scattered tubular epithelial cells with BK associated cytopathic changes, to significant 
tubular damage and an inflammatory response associated with tubulitis, to an advanced 
lesion where there is considerable tubular atrophy and interstitial fibrosis with chronic 
inflammation and only scattered cytopathic changes. 

A large retrospective review of BKVN associated biopsies performed by the group at the 
University of Maryland has led the way in developing the diagnostic criteria for different 
patterns of BKVN [45]. They identified three patterns of histological injury: Pattern A with 
viral cytopathic changes and almost normal parenchyma, Pattern B with viral cytopathic 
changes and significant inflammation and tubulitis with varying degrees of interstitial 
fibrosis and tubular atrophy, and Pattern C with diffuse fibrosis and tubular atrophy 
associated with some inflammation and very little viral cytopathic changes. Pattern B was 
divided into B1, B2 & B3 based on the degree of interstitial fibrosis and tubular atrophy. In 
their evaluation, they noted that Pattern A was associated with 15% risk of graft loss, Pattern 
B was associated with 25-75% risk of graft loss and Pattern C was associated with >80% risk 
of graft loss. It is important to note that in their investigation, they also found a 37% 
discordance rate between two cores of renal allograft tissue obtained from the same biopsy 
procedure within the same patient, suggesting that the pathological changes can be patchy 
in nature and a renal allograft biopsy can miss the diagnosis of BKVN.  

Recently, the Banff 2009 meeting group has collapsed these patterns into three simple stages 
– A (early), B (florid) and C (late sclerosing stage) and semiquantified the histological viral 
loads based on the cytopathic changes. At this time, there are no large studies correlating the 
use of this system with clinical outcomes [46]. However, a side by side comparison of this 
schema with an older schema demonstrated no clear advantage of the new staging system 
compared to the one developed by University of Maryland [47]. Overall, BKVN diagnosis 
associated with minimal inflammation and minimal scarring has the best prognosis and less 
than 15% risk of graft loss. The majority of patients with significant inflammation and/or 
scarring are at risk for persistent allograft dysfunction or progressive decline in renal 
function. 

The presence of the BKV associated cytopathic changes with interstitial inflammation and 
tubulitis has been the topic of discussion for some time as tubulitis is a hallmark of acute 
rejection diagnosis. Some support the notion that it represents concurrent acute rejection 
process within the allograft. However, others feel that it is difficult to separate the anti-viral 
response from the anti-allograft response. Previous studies suggested that HLA-DR staining 
of renal allograft would distinguish BKVN with rejection from BKVN alone. However, these 
data have not been validated in subsequent studies and HLA-DR staining is not used 
routinely to identify concurrent acute rejection [48, 49]. In patients with BKVN, renal tubules 
with intense cytopathic changes demonstrated positive C4d staining of the tubular basement 
membrane but not in peritubular capillaries. In a study of 113 biopsies of renal allograft 
from recipients with BKV replication, PTC (peritubular capillary) C4d staining was found to 
be a valid marker for antibody mediated rejection [50]. In patients with BKVN, renal tubules 
with intense cytopathic changes demonstrated positive C4d staining of the tubular basement 
membrane but not in peritubular capillaries.  
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The makeup of cellular infiltration in a renal allograft with BKVN is very similar to those 
with acute rejection [51]. Our group feels it is difficult to distinguish the anti-viral cellular 
response from the anti-allograft cellular response. Using the urinary cell mRNA profiles, we 
found that the granzyme B mRNA levels of BKVN patients were heterogeneous [41]. Those 
with poor graft function following BKVN had levels that were similar to those with acute 
rejection while those with stable function had granzyme B mRNA levels that were similar to 
stable patients with normal protocol biopsies. Furthermore, we found a positive relationship 
between elevated granzyme B levels and the risk for decline in graft function and a trend 
towards increased graft loss in individuals with the highest levels of urinary cell granzyme 
B mRNA.[Figure1] 

 

 
 

Figure 1. Baseline Urinary Cell Granzyme B mRNA Levels Predict Graft Function in BKVN 
Data derived from original study published by Dadhania et al. in Transplantation 2010;90(2):189-97 

9. Management of BKV replication and BKVN 

Routine monitoring of BKV replication is essential for the prevention of BKVN and 
improving renal allograft outcomes in individuals with BKVN. BKV infection progresses in 
stages, from viruria to viruria+viremia to viruria+viremia+nephropathy to graft loss. To 
prevent progression to nephropathy, intervention should begin at the stage of significant 
viruria and/or viremia. Intervention in this early stage prior to development of BKVN has 
been termed “preemptive” strategy and generally involves stepwise reduction in 
immunosuppressive therapies [15].  
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9.1. Preemptive reduction in immunosuppressive therapies 

In the current era, noninvasive monitoring for BKV replication has become a routine 
practice. Most centers have developed thresholds for initiating preemptive reduction in 
immunosuppressive therapies in the hopes of preventing BKVN. In a prospective study of 
62 renal allograft recipients, Ginevri and colleagues found the incidence of viruria to be 64% 
and viremia 22%. Of the the 13 individuals with viremia (2,460 to 170,000 copies/ml), 100% 
had clearance of viremia by median of 2 months follow up [52]. In another study of 123 
patients, 13 developed viremia in which 2 had evidence of BKVN and the remaining 11 did 
not. With reduction in immunosuppression, 10 of 11 patients without BKVN had clearance 
of viremia by median of 5 months follow up [10]. Schaub and colleagues evaluated the 
impact of a three step protocol for reduction in immunosuppression in patients with 
viremia, presumptive BKVN and biopsy confirmed BKVN. In their study, step 1 was 
reduction in tacrolimus to target trough of 6-8ng/ml, step 2 was further reduction in 
tacrolimus to 4-6ng/ml and step 3 was 50% reduction in MMF (mycophenolate mofetil). In 
their prospective study of 206 patients, they found step 1 cleared viremia in 100% of patients 
(n=8) with less than 10,000 copies/ml of BKV, 47% (8/17) of those with presumptive BKVN 
(>10,000 copies/ml of BKV) and 15% (2/13) of those with BKVN. Step 1 & 2 cleared BKV 
viremia in 88% (15/17) of those with presumptive BKVN and 61% (8/13) of those with 
BKVN. Finally, Step 1,2&3 cleared BKV viremia in 92% of individuals with biopsy proven 
BKVN. However, they found the incidence of acute rejection (subclinical + clinical) to be 
24% in those with presumptive BKVN and 38% in those with biopsy proven BKVN [49]. 
These data suggest that even with systematic monitoring for BKV viremia, a small 
percentage of patients will present with biopsy confirmed BKVN and clearance of BKV 
viremia is achieved easily in those with low copies of BKV. In those with high copies of BKV 
or presumptive BKVN, clearance of BK viremia is possible with systematic reduction in 
immunosuppressive therapies but at the expense of subclinical or clinical acute rejection 
episodes. As a result, patients who develop BKV viremia should be monitored closely, not 
only during the viremic phase but also after clearance of viremia. 

10. Management of biopsy confirmed BKVN 

The cornerstone of managing patients with BKVN is reduction in immunosuppressive 
therapies. However this strategy is associated with increased risk of acute rejection episodes 
and shorter graft survival times. Vasudev and colleagues evaluated their experience with 
BKVN by dividing their cohort into those recipients who did not have screening for BKV 
replication (n=16) and those who were diagnosed with BK viremia and subsequently found 
to have BKVN on biopsy (n=25). Renal allograft recipients were managed with reduction in 
immunosuppressive therapies and they found a three year actuarial graft survival rate of 
58%. In those who retained their grafts, the stabilization of renal function correlated with 
reduction in calcineurin inhibitors.  

The optimal management for those individuals that have BKVN with tubulitis is unclear. 
University of Pittsburgh performed a retrospective evaluation of individuals with BKVN 
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The makeup of cellular infiltration in a renal allograft with BKVN is very similar to those 
with acute rejection [51]. Our group feels it is difficult to distinguish the anti-viral cellular 
response from the anti-allograft cellular response. Using the urinary cell mRNA profiles, we 
found that the granzyme B mRNA levels of BKVN patients were heterogeneous [41]. Those 
with poor graft function following BKVN had levels that were similar to those with acute 
rejection while those with stable function had granzyme B mRNA levels that were similar to 
stable patients with normal protocol biopsies. Furthermore, we found a positive relationship 
between elevated granzyme B levels and the risk for decline in graft function and a trend 
towards increased graft loss in individuals with the highest levels of urinary cell granzyme 
B mRNA.[Figure1] 

 

 
 

Figure 1. Baseline Urinary Cell Granzyme B mRNA Levels Predict Graft Function in BKVN 
Data derived from original study published by Dadhania et al. in Transplantation 2010;90(2):189-97 

9. Management of BKV replication and BKVN 

Routine monitoring of BKV replication is essential for the prevention of BKVN and 
improving renal allograft outcomes in individuals with BKVN. BKV infection progresses in 
stages, from viruria to viruria+viremia to viruria+viremia+nephropathy to graft loss. To 
prevent progression to nephropathy, intervention should begin at the stage of significant 
viruria and/or viremia. Intervention in this early stage prior to development of BKVN has 
been termed “preemptive” strategy and generally involves stepwise reduction in 
immunosuppressive therapies [15].  
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9.1. Preemptive reduction in immunosuppressive therapies 

In the current era, noninvasive monitoring for BKV replication has become a routine 
practice. Most centers have developed thresholds for initiating preemptive reduction in 
immunosuppressive therapies in the hopes of preventing BKVN. In a prospective study of 
62 renal allograft recipients, Ginevri and colleagues found the incidence of viruria to be 64% 
and viremia 22%. Of the the 13 individuals with viremia (2,460 to 170,000 copies/ml), 100% 
had clearance of viremia by median of 2 months follow up [52]. In another study of 123 
patients, 13 developed viremia in which 2 had evidence of BKVN and the remaining 11 did 
not. With reduction in immunosuppression, 10 of 11 patients without BKVN had clearance 
of viremia by median of 5 months follow up [10]. Schaub and colleagues evaluated the 
impact of a three step protocol for reduction in immunosuppression in patients with 
viremia, presumptive BKVN and biopsy confirmed BKVN. In their study, step 1 was 
reduction in tacrolimus to target trough of 6-8ng/ml, step 2 was further reduction in 
tacrolimus to 4-6ng/ml and step 3 was 50% reduction in MMF (mycophenolate mofetil). In 
their prospective study of 206 patients, they found step 1 cleared viremia in 100% of patients 
(n=8) with less than 10,000 copies/ml of BKV, 47% (8/17) of those with presumptive BKVN 
(>10,000 copies/ml of BKV) and 15% (2/13) of those with BKVN. Step 1 & 2 cleared BKV 
viremia in 88% (15/17) of those with presumptive BKVN and 61% (8/13) of those with 
BKVN. Finally, Step 1,2&3 cleared BKV viremia in 92% of individuals with biopsy proven 
BKVN. However, they found the incidence of acute rejection (subclinical + clinical) to be 
24% in those with presumptive BKVN and 38% in those with biopsy proven BKVN [49]. 
These data suggest that even with systematic monitoring for BKV viremia, a small 
percentage of patients will present with biopsy confirmed BKVN and clearance of BKV 
viremia is achieved easily in those with low copies of BKV. In those with high copies of BKV 
or presumptive BKVN, clearance of BK viremia is possible with systematic reduction in 
immunosuppressive therapies but at the expense of subclinical or clinical acute rejection 
episodes. As a result, patients who develop BKV viremia should be monitored closely, not 
only during the viremic phase but also after clearance of viremia. 

10. Management of biopsy confirmed BKVN 

The cornerstone of managing patients with BKVN is reduction in immunosuppressive 
therapies. However this strategy is associated with increased risk of acute rejection episodes 
and shorter graft survival times. Vasudev and colleagues evaluated their experience with 
BKVN by dividing their cohort into those recipients who did not have screening for BKV 
replication (n=16) and those who were diagnosed with BK viremia and subsequently found 
to have BKVN on biopsy (n=25). Renal allograft recipients were managed with reduction in 
immunosuppressive therapies and they found a three year actuarial graft survival rate of 
58%. In those who retained their grafts, the stabilization of renal function correlated with 
reduction in calcineurin inhibitors.  

The optimal management for those individuals that have BKVN with tubulitis is unclear. 
University of Pittsburgh performed a retrospective evaluation of individuals with BKVN 
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and tubulitis who received initial increase in immunosuppression (pulse steroids) followed 
by reduction in immunosuppression, reduction in immunosuppression only and no change 
in immunosuppression. In their study, reduction in immunosuppression compared to pulse 
steroids was associated with reduction in cytopathic changes (83% vs. 20%; P=0.004) [53]. 
Pulse steroids did result in greater improvement in tubulitis (55% vs. 26%) but this effect 
was not associated with improvement in renal function. Reduction in immunosuppression 
resulted in lower rates of graft loss in individuals with BKVN and clearance of viremia was 
associated with improved graft survival (46% vs. 25%) [47]. However, greater than 30-50% 
of individuals continue to have significant decrease in renal function [54]. 

IVIG has also been used to manage BKV replication because of its anti-inflammatory activity 
as well as the presence of humoral immunity to BKV [55, 56]. Studies indicate that treatment 
with IVIG in combination with reduction in immunosuppression is associated with 
clearance of viremia and histological clearance. Recently, a case report suggested that the 
use of IVIG was associated with increase in BKV copies [57]. Since IVIG has anti-
inflammatory properties, it is possible that use of IVIG is actually associated with an 
increase in total immunosuppression and thus results in a rise in BKV. To evaluate the use 
of IVIG as an anti-inflammatory agent that does not result in an increase in BKV replication 
requires controlled prospective trials. 

To date there are no antiviral drugs that have been proven to effectively inhibit BKV 
replication and associated graft damage. Various antivirals as well as anti-inflammatory 
agents have been used for management of BKVN in single center studies and have been 
reviewed by Rinaldo and Hirsch [58]. Cidofovir, a nucleoside analogue used for treatment 
of numerous viruses, has been used for management of BKV replication in HSCT 
(hematopoietic stem cell transplant) recipients as well in those with kidney transplants [59]. 
Treatment with cidofovir is limited by its potential for nephrotoxicity and currently, a newer 
agent that is a lipid conjugate of cidofovir, CXM001, is being studied for management of 
BKV associated hemorrhagic cystitis and BKVN [60]. Fluoroquinolones, anti-bacterial drug 
that inhibits DNA gyrase, have also been suggested to have activity against BK virus. Single 
center studies suggest that use of fluoroquinolones do result in decrease BKV replication 
[61]. However, its use in the management of BKVN has not been prospectively studied.  

In addition to anti-viral/anti-bacterial agents, agents with immunosuppressive properties 
have also been used to inhibit BKV replication. Leflunomide, an anti-inflammatory agent 
used in rheumatoid arthritis, is another agent whose metabolite inhibits protein kinase 
activity and pyrimidine synthesis. This drug has been shown to reduce BKV replication in 
some studies and the efficacy is linked to achieving drug levels above 40ug/ml. However, 
there are no randomized controlled trials demonstrating its effectiveness and it has been 
associated with significant liver toxicity. FK778 is a drug that is closely related to the active 
metabolite of leflunomide. A phase 2 randomized controlled trial that compared MMF or 
FK778 based maintenance immunosuppression did not demonstrate a benefit in preventing 
BK viruria or viremia [62]. Epidemiological studies also suggest that rapamycin, a 
maintenance immunosuppressive agent, may be associated with lower incidence of BKV 
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replication. Preliminary data suggests that initiation of rapamycin to manage BKV 
replication may be associated with faster clearance of BKV viremia [63]. Larger studies are 
necessary to clarify the role of rapamycin in the management of BKVN. 

When the patient presents with BKVN, one is obligated to intervene to avoid progression to 
graft loss. At this time, the main strategy that is employed for BKVN is reduction in 
immunosuppression. Johnston and colleagues pooled all the existing data on three different 
strategies to manage BKVN - reduction in immunosuppressive therapies (IS) alone versus 
cidofovir plus reduction in IS versus leflunomide with reduction in IS [64]. They found that 
the graft failure rate was not significantly different between the three groups. They 
concluded that there is no convincing evidence that the use of adjuvant therapies provides 
additional benefit to reduction in IS alone for management of BKVN patients.  

11. Re-transplantation in renal allograft recipients with BKVN 

Most reports indicate that risk of graft loss and persistent graft dysfunction following BKVN 
diagnosis is high [47]. Having suffered a graft loss, many of these patients return to the wait 
list with higher PRA (panel reactive antibodies) and as a result wait longer for a kidney 
transplant [65]. However, graft loss due to BKVN is not a contraindication to re-
transplantation. The most important factor in preventing BKVN in the subsequent graft is 
clearance of BKV viremia/viruria prior re-transplantation [66]. Furthermore, at this time 
there are no recommendations for avoiding any specific immunosuppressive therapy at the 
time of subsequent transplant. Most recipients with failed graft due to BKVN have been re-
transplanted with the centers’ standard immunosuppressive protocols. Of the 126 
individuals who underwent re-transplantation following graft loss attributable to BKV, BKV 
replication occurred in 17% with only 1 graft loss attributable to BKVN [65]. 

12. Summary 

BKV infection and development of BKVN in renal allograft recipients is a growing concern 
given the use of more potent immunosuppressive agents. The lack of effective anti-viral 
therapy for BKV results in a challenging management problem for transplant physicians. At 
this time, data suggest that prevention of BKVN through prospective monitoring and 
preemptive reduction in immunosuppression is a reasonable approach. Laskin and 
colleagues suggested that viruria measurement every 3 months followed by viremia 
measurement if viruria is detected is as cost-effective as viremia monitoring every 3 months. 
Patients with BKV replication or nephropathy should be monitored very closely (every two 
weeks) until viremia has cleared. Persistent viremia should lead to a kidney biopsy to assess 
the histological stage of BKV and to determine prognosis.  

The risk of graft loss remains high in individuals with BKVN and concurrent inflammation. 
There is an urgent need for randomized controlled trials to evaluate novel therapies and 
their potential advantage over reduction in immunosuppressive therapies alone. In 
addition, development and validation of noninvasive biomarkers to monitor BKV 
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and tubulitis who received initial increase in immunosuppression (pulse steroids) followed 
by reduction in immunosuppression, reduction in immunosuppression only and no change 
in immunosuppression. In their study, reduction in immunosuppression compared to pulse 
steroids was associated with reduction in cytopathic changes (83% vs. 20%; P=0.004) [53]. 
Pulse steroids did result in greater improvement in tubulitis (55% vs. 26%) but this effect 
was not associated with improvement in renal function. Reduction in immunosuppression 
resulted in lower rates of graft loss in individuals with BKVN and clearance of viremia was 
associated with improved graft survival (46% vs. 25%) [47]. However, greater than 30-50% 
of individuals continue to have significant decrease in renal function [54]. 

IVIG has also been used to manage BKV replication because of its anti-inflammatory activity 
as well as the presence of humoral immunity to BKV [55, 56]. Studies indicate that treatment 
with IVIG in combination with reduction in immunosuppression is associated with 
clearance of viremia and histological clearance. Recently, a case report suggested that the 
use of IVIG was associated with increase in BKV copies [57]. Since IVIG has anti-
inflammatory properties, it is possible that use of IVIG is actually associated with an 
increase in total immunosuppression and thus results in a rise in BKV. To evaluate the use 
of IVIG as an anti-inflammatory agent that does not result in an increase in BKV replication 
requires controlled prospective trials. 

To date there are no antiviral drugs that have been proven to effectively inhibit BKV 
replication and associated graft damage. Various antivirals as well as anti-inflammatory 
agents have been used for management of BKVN in single center studies and have been 
reviewed by Rinaldo and Hirsch [58]. Cidofovir, a nucleoside analogue used for treatment 
of numerous viruses, has been used for management of BKV replication in HSCT 
(hematopoietic stem cell transplant) recipients as well in those with kidney transplants [59]. 
Treatment with cidofovir is limited by its potential for nephrotoxicity and currently, a newer 
agent that is a lipid conjugate of cidofovir, CXM001, is being studied for management of 
BKV associated hemorrhagic cystitis and BKVN [60]. Fluoroquinolones, anti-bacterial drug 
that inhibits DNA gyrase, have also been suggested to have activity against BK virus. Single 
center studies suggest that use of fluoroquinolones do result in decrease BKV replication 
[61]. However, its use in the management of BKVN has not been prospectively studied.  

In addition to anti-viral/anti-bacterial agents, agents with immunosuppressive properties 
have also been used to inhibit BKV replication. Leflunomide, an anti-inflammatory agent 
used in rheumatoid arthritis, is another agent whose metabolite inhibits protein kinase 
activity and pyrimidine synthesis. This drug has been shown to reduce BKV replication in 
some studies and the efficacy is linked to achieving drug levels above 40ug/ml. However, 
there are no randomized controlled trials demonstrating its effectiveness and it has been 
associated with significant liver toxicity. FK778 is a drug that is closely related to the active 
metabolite of leflunomide. A phase 2 randomized controlled trial that compared MMF or 
FK778 based maintenance immunosuppression did not demonstrate a benefit in preventing 
BK viruria or viremia [62]. Epidemiological studies also suggest that rapamycin, a 
maintenance immunosuppressive agent, may be associated with lower incidence of BKV 
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replication. Preliminary data suggests that initiation of rapamycin to manage BKV 
replication may be associated with faster clearance of BKV viremia [63]. Larger studies are 
necessary to clarify the role of rapamycin in the management of BKVN. 

When the patient presents with BKVN, one is obligated to intervene to avoid progression to 
graft loss. At this time, the main strategy that is employed for BKVN is reduction in 
immunosuppression. Johnston and colleagues pooled all the existing data on three different 
strategies to manage BKVN - reduction in immunosuppressive therapies (IS) alone versus 
cidofovir plus reduction in IS versus leflunomide with reduction in IS [64]. They found that 
the graft failure rate was not significantly different between the three groups. They 
concluded that there is no convincing evidence that the use of adjuvant therapies provides 
additional benefit to reduction in IS alone for management of BKVN patients.  

11. Re-transplantation in renal allograft recipients with BKVN 

Most reports indicate that risk of graft loss and persistent graft dysfunction following BKVN 
diagnosis is high [47]. Having suffered a graft loss, many of these patients return to the wait 
list with higher PRA (panel reactive antibodies) and as a result wait longer for a kidney 
transplant [65]. However, graft loss due to BKVN is not a contraindication to re-
transplantation. The most important factor in preventing BKVN in the subsequent graft is 
clearance of BKV viremia/viruria prior re-transplantation [66]. Furthermore, at this time 
there are no recommendations for avoiding any specific immunosuppressive therapy at the 
time of subsequent transplant. Most recipients with failed graft due to BKVN have been re-
transplanted with the centers’ standard immunosuppressive protocols. Of the 126 
individuals who underwent re-transplantation following graft loss attributable to BKV, BKV 
replication occurred in 17% with only 1 graft loss attributable to BKVN [65]. 

12. Summary 

BKV infection and development of BKVN in renal allograft recipients is a growing concern 
given the use of more potent immunosuppressive agents. The lack of effective anti-viral 
therapy for BKV results in a challenging management problem for transplant physicians. At 
this time, data suggest that prevention of BKVN through prospective monitoring and 
preemptive reduction in immunosuppression is a reasonable approach. Laskin and 
colleagues suggested that viruria measurement every 3 months followed by viremia 
measurement if viruria is detected is as cost-effective as viremia monitoring every 3 months. 
Patients with BKV replication or nephropathy should be monitored very closely (every two 
weeks) until viremia has cleared. Persistent viremia should lead to a kidney biopsy to assess 
the histological stage of BKV and to determine prognosis.  

The risk of graft loss remains high in individuals with BKVN and concurrent inflammation. 
There is an urgent need for randomized controlled trials to evaluate novel therapies and 
their potential advantage over reduction in immunosuppressive therapies alone. In 
addition, development and validation of noninvasive biomarkers to monitor BKV 
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replication and associated inflammatory response are necessary to enhance the management 
of allograft recipients with BKVN.  
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replication and associated inflammatory response are necessary to enhance the management 
of allograft recipients with BKVN.  
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1. Introduction 

Kidney transplantation is considered the best treatment for end stage renal failure (ESRF) 
with longer life expectancy and superior quality of life compared to dialysis therapy [1-3]. 
However, a major constraint to transplantation is the lack of suitable organ donors. To 
increase the number of available organs there has been an incentive to use ‘marginal’ donors 
such as donation after cardiac death (DCD) and expanded criteria donors (ECD), in addition 
to kidneys from the traditional living and deceased donors [4,5]. Although an important 
source of organs for transplantation, once transplanted a significant proportion of these 
kidneys have early graft dysfunction. 

There are many attributing factors that influence the outcome of the transplanted graft. 
Donor and recipient age, creatinine clearance, history of hypertension, poor human 
leukocyte antigen (HLA) matching, cause of death, ethnicity, the cold ischaemic (CI) time 
and in the case of DCD donors the warm ischaemic insult have all been described as major 
determinants of graft function and graft survival [6]. The CI time is perhaps the only 
modifiable factor that significantly affects graft outcome.  

Since the 1970s organ preservation has relied on hypothermic conditions to allow an organ 
to be preserved outside the body from the time of retrieval until transplantation. This allows 
the organ to be allocated nationally, to the most suitable and immunologically matched 
recipient. Nonetheless, hypothermic preservation has its limitations and viability cannot be 
sustained for an indefinite period of time. Hypothermic preservation has been described as 
‘a compromise between the benefits and detriments of cooling’ [7].  

2. Standard criteria donor (SCD) 

Deceased organ donors fall into three categories. A standard criteria donor is a deceased 
donor who is declared brain dead after a stroke or other brain injury. Brain death means that 
there is the irreversible loss of function of the brain.  
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3. Donation after cardiac death (DCD) donor 

Donation after cardiac death donors (DCD) are donors from which the organs are retrieved 
after the cessation of circulation due to a cardiac arrest. These organs are regarded as 
marginal organs due to the warm ischaemic (WI) insult that they receive before the onset of 
preservation. This WI interval causes a degree of injury that can lead to irreversible damage, 
resulting in an unfavourable outcome after transplantation. Four classifications of DCD 
donors have been categorised depending on the circumstances of death and when the 
organs are retrieved [8,9] (Table 1).  
 

Category Definition Type 
1 Dead on arrival Uncontrolled 
2 Unsuccessful resuscitation Uncontrolled 
3 Awaiting cardiac arrest Controlled 
4 Cardiac arrest while brain death Controlled/uncontrolled 

Table 1. Maastricht categories of donation after cardiac death donors. 

Maastricht type 1 and 2 donors are patients who have died suddenly from a cardiac event or 
trauma and therefore are usually based in the Accident & Emergency department. After a 
failed resuscitation, the patient is pronounced dead and a 5 minute ‘hands off’ period 
allowed to lapse. The organs are perfused in-situ through aortic cannulas inserted through 
the femoral artery [10].  

Maastricht type 3 and 4 are patients who are based on an intensive care unit after a severe 
brain injury. The patient does not meet the criteria for brain stem death and will maintain 
spontaneous ventilation. Under controlled conditions with no possibility of recovery 
withdrawal of treatment is planned. After the cessation of the heartbeat the patient is 
transferred to the operating theatre and the kidneys retrieved after in-situ cooling. In the 
uncontrolled situation an unexpected cardiac arrest follows brain stem death. The WI time is 
usually within the region of 15 minutes for controlled donors but can be considerably longer 
in the uncontrolled situation. 

4. Expanded criteria donors (ECD) 

Expanded criteria donors (ECD) are defined as any brain dead donor aged ≥ 60 years or over 
50 years with ≥ 2 of the following conditions; Hypertension, terminal serum creatinine equal 
or greater than 132µmol/L or death resulting from an intracranial haemorrhage.  

5. Cold ischaemic injury 

Hypothermic preservation is based on the principle that cooling an organ inhibits the 
enzymatic processes. There is a 2-3 fold decrease in metabolism for every 10°C reduction in 
temperature [11,12]. This slows the depletion of adenosine triphosphate (ATP) and also 
inhibits the degrading processes (phospholipid hydrolysis). Nonetheless, under 
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hypothermic conditions the metabolic rate remains at about 10% and therefore over time, 
the hypoxic conditions cause substantial injury [12] this is termed CI injury.  

The depletion of ATP due to the inhibition of oxidative metabolism increases levels of 
adenosine, inosine and hypoxanthine within the cell leading to the formation of lactic acid 
[13]. This lowers the intracellular pH causing lysosomal instability and the activation of lytic 
enzymes [14,15]. The depletion of ATP also reduces a large number of cellular processes. 
Inactivation of the Na+/K+ ATPase pump allows the accumulation of calcium, sodium and 
water within the cell causing cellular swelling [15]. The binding of transition metals such as 
iron to their carrier proteins (transferrin, ferritin) is also inhibited which increases the 
intracellular concentration of free iron [16,17]. This is a strong catalyst for the generation of 
oxygen free radicals which promotes the production of other free radicals [14]. The impact 
of CI injury is evident immediately after transplantation when oxygenated blood is re-
introduced into the kidney. The downstream effects of ischaemia reperfusion (I/R) injury 
results in tubular and vascular damage with the impairment of blood flow to the kidney and 
reduced urine output after transplantation. The kidney can withstand CI times up to 48 
hours. Nonetheless, attempts have been made to reduce CI injury and on average the CI 
time now falls below 24 hours in most transplant centres.  

6. Impact 

6.1. Delayed graft function 

Renal graft function after transplantation is typically measured as incidence of delayed graft 
function (DGF). There are several definitions of DGF however the majority of centres define 
DGF as the requirement for dialysis within the first week after transplantation. The 
diagnosis is based on low urine output, slow decline in serum creatinine levels and 
increased metabolic instability. Acute tubular injury, otherwise termed acute tubular 
necrosis (ATN) caused by ischaemic injury is the main cause of DGF after transplantation 
[18]. DGF is associated with complications such as acute rejection, increased fibrosis and the 
risk of poorer long term graft survival. It also has a significant economic cost, can complicate 
patient treatment and prolong hospital stay [19]. Rates of DGF typically range from 5 to 40% 
in deceased donor kidney transplants [20]. Rates of DGF in live donor transplantation are 
significantly less (2-5%) due to the short CI time and healthy younger donors [21]. 

Many experimental studies have shown that the duration of CI directly influences graft 
function. Several studies suggest that even after 6 hours of CI, significant injury occurs 
[22,23]. Clinically, the CI time has been clearly shown as an independent risk factor for DGF 
and reducing the CI time can reduce the incidence of DGF. In an analysis of a series of DBD 
transplants the risk of DGF was found to increase by 23% for every 6 hours of CI [24] and 
Locke et al found that limiting the CI time to less than 12 hours reduced the risk of DGF by 
15% [25]. Other studies have shown that the risk of DGF is increased by 3.3 and 4.4 fold by 
increasing the CI time by 5 and 10 hours [26]. 
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3. Donation after cardiac death (DCD) donor 

Donation after cardiac death donors (DCD) are donors from which the organs are retrieved 
after the cessation of circulation due to a cardiac arrest. These organs are regarded as 
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resulting in an unfavourable outcome after transplantation. Four classifications of DCD 
donors have been categorised depending on the circumstances of death and when the 
organs are retrieved [8,9] (Table 1).  
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hypothermic conditions the metabolic rate remains at about 10% and therefore over time, 
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The depletion of ATP due to the inhibition of oxidative metabolism increases levels of 
adenosine, inosine and hypoxanthine within the cell leading to the formation of lactic acid 
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results in tubular and vascular damage with the impairment of blood flow to the kidney and 
reduced urine output after transplantation. The kidney can withstand CI times up to 48 
hours. Nonetheless, attempts have been made to reduce CI injury and on average the CI 
time now falls below 24 hours in most transplant centres.  
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6.1. Delayed graft function 

Renal graft function after transplantation is typically measured as incidence of delayed graft 
function (DGF). There are several definitions of DGF however the majority of centres define 
DGF as the requirement for dialysis within the first week after transplantation. The 
diagnosis is based on low urine output, slow decline in serum creatinine levels and 
increased metabolic instability. Acute tubular injury, otherwise termed acute tubular 
necrosis (ATN) caused by ischaemic injury is the main cause of DGF after transplantation 
[18]. DGF is associated with complications such as acute rejection, increased fibrosis and the 
risk of poorer long term graft survival. It also has a significant economic cost, can complicate 
patient treatment and prolong hospital stay [19]. Rates of DGF typically range from 5 to 40% 
in deceased donor kidney transplants [20]. Rates of DGF in live donor transplantation are 
significantly less (2-5%) due to the short CI time and healthy younger donors [21]. 

Many experimental studies have shown that the duration of CI directly influences graft 
function. Several studies suggest that even after 6 hours of CI, significant injury occurs 
[22,23]. Clinically, the CI time has been clearly shown as an independent risk factor for DGF 
and reducing the CI time can reduce the incidence of DGF. In an analysis of a series of DBD 
transplants the risk of DGF was found to increase by 23% for every 6 hours of CI [24] and 
Locke et al found that limiting the CI time to less than 12 hours reduced the risk of DGF by 
15% [25]. Other studies have shown that the risk of DGF is increased by 3.3 and 4.4 fold by 
increasing the CI time by 5 and 10 hours [26]. 
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6.2. Graft survival 

The CI time is regarded as an independent risk factor for DGF and DGF is associated with 
reduced graft survival [27,28]. However, recent evidence suggests that the association of CI 
time and DGF may have less of an impact on graft survival than previously thought. A 
multicentre analysis of kidney preservation found that only when the preservation period 
exceeded 18 hours was the CI time associated with reduced graft survival [29]. A large 
analysis of registry data of paired deceased donor kidneys found that DGF induced by CI 
injury had a limited impact on the long term outcome. Nonetheless, in other studies the CI 
time has been found to independently influence graft survival even in live donor 
transplantation and in young deceased donors [30,31]. 

The disparity between DGF and survival is perhaps due to the lack of sensitivity of DGF in 
determining the severity of kidney injury. DGF is a simple and standard method of reporting 
early graft dysfunction. However, dialysis within the first week after transplantation can be 
used to correct metabolic instability without the presence of significant kidney injury. As such, 
it is difficult to determine the impact of DGF. DGF due to CI can be reversible and therefore 
have no effect on long term outcome [32]. However, in severe cases, DGF can lead to 
incomplete recovery and reduced graft survival due to the loss of nephron mass [33]. Giral-
Classe et al reported that rather than the incidence of DGF, the duration of DGF was the 
important factor with DGF over six days associated with reduced long term graft survival [34]. 
More recently, urinary biomarkers have been used to determine the severity of acute kidney 
injury with cystatin C, neutrophil gelatinase-associated lipocalin (NGAL), interleukin-18 (IL-
18] and kidney injury molecule-1 (KIM-1) emerging as the most reliable and sensitive markers 
of injury [35-37]. Although, not readily used as a diagnostic tool in clinical practice, they may 
be applied more frequently in the future.  

7. Acute rejection 

Acute rejection (AR) following renal transplantation can be split into two categories, cell 
mediated rejection and antibody mediated rejection (also termed vascular rejection). Acute 
cellular rejection is the more common of the two types and with the introduction of modern 
immunosuppressive agents rates have dropped from 50% a decade ago to 15-20% today. 
The typical stimulus for cellular rejection is the presence of so-called ‘passenger leucocytes’ 
which are immune cells carried within the blood vessels and tissues of the donor organ. 
Following transplantation they are exposed to the recipient immune system which 
recognises them as foreign and results in activation of host lymphocytes which attack the 
donor kidney. Antibody mediated rejection is less common and usually more severe and if 
left untreated can rapidly destroy the graft.  

Acute rejection is an important factor in early outcomes of transplantation and is closely 
associated with delayed graft function (DGF) [38-41]. The precise link between DGF, acute 
rejection and CI time is difficult to fully elucidate. Prolonged CI has been shown to be one of 
the main risk factors for DGF and DGF is an independent risk factor for AR [42]. However, 
DGF is a result of a number of factors and it is over simplistic to ascribe acute rejection to 
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just one of those factors. Nonetheless there is evidence that the CI time, alongside other 
factors, including duration of dialysis, number of HLA mismatches, panel reactive 
antibodies more than 5% are independent predictors of AR. A large retrospective analysis of 
611 transplants demonstrated that CI time was the strongest predictor of DGF [42]. The risk 
of DGF increased from 9.6% with 12 hours CI time to 21.5% with 24 hours CI time. In the 
same analysis the risk of AR was increased by 4% for each additional hour of CI time and 
the risk of rejection in patients receiving kidneys with less than 24 hours CI time was 14.1% 
compared to 29.3% in kidneys with greater than 24 hours CI time. Furthermore, death-
censored graft survival is significantly reduced in patients in whom AR complicates DGF. In 
addition CI duration of greater than 24 hours has a significantly reduced death-censored 
graft survival in comparison with durations of less than 24 hours [42].  

8. Donor specific effects 

Kidneys from DCD and ECD donors commonly present with high rates of DGF compared 
to SCD and live donors. [43]. DGF typically ranges from 22% to 84% in DCD kidneys 
compared to 14% to 40% in DBD donors [25, 44-47]. Evidence suggests that the outcome of 
kidneys from uncontrolled DCDs is poorer when compared to the controlled DCDs with 
significantly higher rates of DGF, as a response to the longer duration of warm ischaemic 
(WI) injury under the uncontrolled situation [48].  

Kidneys from ECD have a 70% increased risk of graft loss and higher rates of DGF 
[25,49,50]. The prognosis is even poorer in DCD kidneys from older donors (over 50 years) 
with the risk of graft failure rising to 80% [25].  

In addition to DGF, a small but significant proportion of kidneys from DCD donors also have 
primary non function (PNF) with rates reported to range from 4 to 19% amongst transplant 
centres over the last 30 years [51,52]. PNF is particularly detrimental as the patient is exposed 
to surgery and immunosuppressive therapies without benefit. Furthermore, they may become 
sensitized to donor antigens, reducing the opportunity for future transplants.  

The WI insult in DCD kidneys and the reduced capacity of kidneys from ECDs to recover and 
regenerate are certainly major contributing factors for early graft dysfunction. Experimental 
evidence suggests that the combined effect of WI and CI injury exacerbates the injury during 
reperfusion and the duration of CI has been found to have a strong influence on graft outcome 
[53]. However, the impact of CI in clinical transplantation is again varied. It appears that as in 
SCDs, long term graft survival is not necessarily affected by DGF and CI not necessarily an 
independent predictor of graft survival. Recent evidence from clinical DCD and DBD 
programmes have reported similar rates of graft survival after 5 and 10 years [45,54-57]. In a 
series of 112 uncontrolled DCD kidneys, DGF rates were 84% compared to 22% in DBD donors 
[54]. Nevertheless, the graft survival rates were similar in both groups of patients, 69.3% 
versus 75.5% at 5 years and 50.3% versus 57.9% at 10 years, respectively. The link between WI, 
CI and graft survival is not well documented. However, it appears that prolonged CI after a 
period WI may not be as detrimental to graft survival as previously thought and that kidneys 
can recover from ischaemic injury with no long term effects [58]. 
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just one of those factors. Nonetheless there is evidence that the CI time, alongside other 
factors, including duration of dialysis, number of HLA mismatches, panel reactive 
antibodies more than 5% are independent predictors of AR. A large retrospective analysis of 
611 transplants demonstrated that CI time was the strongest predictor of DGF [42]. The risk 
of DGF increased from 9.6% with 12 hours CI time to 21.5% with 24 hours CI time. In the 
same analysis the risk of AR was increased by 4% for each additional hour of CI time and 
the risk of rejection in patients receiving kidneys with less than 24 hours CI time was 14.1% 
compared to 29.3% in kidneys with greater than 24 hours CI time. Furthermore, death-
censored graft survival is significantly reduced in patients in whom AR complicates DGF. In 
addition CI duration of greater than 24 hours has a significantly reduced death-censored 
graft survival in comparison with durations of less than 24 hours [42].  

8. Donor specific effects 

Kidneys from DCD and ECD donors commonly present with high rates of DGF compared 
to SCD and live donors. [43]. DGF typically ranges from 22% to 84% in DCD kidneys 
compared to 14% to 40% in DBD donors [25, 44-47]. Evidence suggests that the outcome of 
kidneys from uncontrolled DCDs is poorer when compared to the controlled DCDs with 
significantly higher rates of DGF, as a response to the longer duration of warm ischaemic 
(WI) injury under the uncontrolled situation [48].  

Kidneys from ECD have a 70% increased risk of graft loss and higher rates of DGF 
[25,49,50]. The prognosis is even poorer in DCD kidneys from older donors (over 50 years) 
with the risk of graft failure rising to 80% [25].  

In addition to DGF, a small but significant proportion of kidneys from DCD donors also have 
primary non function (PNF) with rates reported to range from 4 to 19% amongst transplant 
centres over the last 30 years [51,52]. PNF is particularly detrimental as the patient is exposed 
to surgery and immunosuppressive therapies without benefit. Furthermore, they may become 
sensitized to donor antigens, reducing the opportunity for future transplants.  

The WI insult in DCD kidneys and the reduced capacity of kidneys from ECDs to recover and 
regenerate are certainly major contributing factors for early graft dysfunction. Experimental 
evidence suggests that the combined effect of WI and CI injury exacerbates the injury during 
reperfusion and the duration of CI has been found to have a strong influence on graft outcome 
[53]. However, the impact of CI in clinical transplantation is again varied. It appears that as in 
SCDs, long term graft survival is not necessarily affected by DGF and CI not necessarily an 
independent predictor of graft survival. Recent evidence from clinical DCD and DBD 
programmes have reported similar rates of graft survival after 5 and 10 years [45,54-57]. In a 
series of 112 uncontrolled DCD kidneys, DGF rates were 84% compared to 22% in DBD donors 
[54]. Nevertheless, the graft survival rates were similar in both groups of patients, 69.3% 
versus 75.5% at 5 years and 50.3% versus 57.9% at 10 years, respectively. The link between WI, 
CI and graft survival is not well documented. However, it appears that prolonged CI after a 
period WI may not be as detrimental to graft survival as previously thought and that kidneys 
can recover from ischaemic injury with no long term effects [58]. 
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9. Preservation techniques 

Organ preservation was first introduced into clinical transplantation in the 1960s. Until this 
time without proper preservation conditions, kidneys were transplanted as soon as possible 
after retrieval to minimize the injury. It was then recognized that in order to improve the 
outcome of transplantation, better methods of preservation were required. Experimental 
studies in the 1950s by Lapchinsky [59] in the Soviet Union and the early work by Carrel 
and Lindbergh, showed that ischaemic injury could be minimized by reducing the 
temperature [60]. In 1963, Calne et al used the concept of hypothermic temperatures to 
extend the preservation time and successfully transplant canine kidneys after 12 hours of 
storage [61]. This led to the application and development of preservation techniques and 
solutions that are used today. 

10. Static cold storage 

Static cold storage (CS) is undoubtedly the simplest and most widely utilised method of 
hypothermic preservation. The kidney is flushed with cold preservation solution to remove 
the blood and cool the organ. The kidney is then stored in solution surrounded by crushed ice. 
Preservation solutions have been designed to counteract the detrimental effects of CI injury. 
There are a number of commercially available preservation solution, which all contain the 
same basic formula. This includes an impermeant to minimise swelling and provide stability 
to the ultra-structure of the cell. A buffer and a balanced electrolyte composition with either a 
high or low Na+ / K+ ratio to prevent the build up of intracellular acidosis and further 
minimize cellular swelling (Table 2). Solutions with a high potassium concentration are 
classified as intracellular and those with a high sodium concentration extracellular solutions. 
 

Components  
Impermeants glucose, lactobionate, mannitol, raffinose, sucrose 
Colloid hydroxyethyl starch (HES), polyethylene glycol (PEG) 
Buffers citrate, histidine, phosphate 
Electrolytes calcium, chloride, magnesium, magnesium sulphate, potassium, sodium 
Anti-oxidants allopurinol, glutathione, mannitol, trytophan 
Additives adenosine, glutamic acid, ketoglutarate 

Table 2. Components commonly used in preservation solutions 

11. Static cold storage solutions 

11.1. Euro Collins 

In 1969 Geoffrey Collins developed the first acellular preservation solution (Collins solution) 
containing a high concentration of potassium and glucose [62]. Collins solution was later 
modified omitting some of the ingredients such as magnesium, heparin, procain and replacing 
glucose with mannitol to provide better osmotic properties and lower the viscosity [63-65]. It 
was renamed Euro Collins solution and was widely used amongst the transplant community.  
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11.2. Hyperosmolar citrate 

Hyperosmolar citrate (HOC) or more commonly known as Soltran or Marshall’s solution 
was first developed in the 1970s as an alternative to Collins solution [66,67]. It is has a high 
potassium content and contains basic ingredients using citrate as a buffer. Its hypertonicity 
is designed to prevent fluid entry into cells. It is a relatively inexpensive, non-viscose 
solution that is still commonly used throughout the UK in kidney transplantation. It is not 
recommended for DCD or marginal kidneys despite the fact that there is little evidence to 
support this view.  

12. University of Wisconsin solution 
University of Wisconsin (UW) solution has a high potassium concentration to maintain the 
intracellular ionic balance. It is a more complex preservation solution compared to Euro 
Collin and HOC, containing trisaccharide raffinose and the anion lactobionate as osmotic 
impermeants, a phosphate buffer, anti-oxidants (glutathione) to scavenge oxygen free 
radicals, allopurinol to block the activity of xanthine oxidase and adenosine, an ATP 
precursor. It also contains the colloid hydroxyethyl starch (HES), to prevent cellular swelling 
[68]. However, it is debatable whether this is it necessary in a static storage solution and 
there is some evidence showing that HES can increase tubular damage and cause red blood 
cell aggregation. Another potential disadvantage of UW solution is the high concentrations 
of potassium. Although thought important in the prevention of the build up of intracellular 
calcium, potassium can induce cellular depolarization, reduce cellular 5’-triphosphate 
content and activate voltage-dependent channels, such as calcium channels [69]. 
Nonetheless, due to its composition UW solution had, and still has, a significant advantage 
over other preservation solutions enabling kidneys to be stored for longer periods with 
better function and less histological injury after transplantation. It is still considered the 
‘gold standard’ preservation solution today.  

13. Histidine-Tryptophan-Ketoglutarate (HTK) 
HTK was originally developed as a cardioplegic solution but because of its low viscosity 
was quickly adopted for clinical preservation of the kidney, pancreas and liver [70-72]. It is 
an extracellular solution and uses the impermeant mannitol and histidine as a buffer. It also 
contains 2 amino acids, tryptophan, to stabilize cellular membranes and prevent oxidant 
damage and ketoglutararate, a substrate to support anaerobic metabolism. Recent concerns 
have been raised regarding its use for ECD and DCD kidneys or for kidneys with prolonged 
storage times [73]. Some clinical studies have associated its use with the increased risk of 
PNF and early graft loss [74]. Nonetheless, it is a popular preservation solution widely used 
throughout Europe and the UK. 

14. Celsior solution 

Celsior is an extracellular solution and was initially designed for heart transplantation. It 
contains a high sodium concentration with histidine as a buffer, lactobionate and mannitol 
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to prevent oedema and glutathione as an antioxidant. The solution has proved beneficial in 
heart, liver, pancreas and in kidney transplantation [75-78].  

15. Outcome 

An abundance of experimental studies have investigated the efficacy of one solution over 
another with the majority of studies labelling UW solution as the most superior. However, 
clinically the evidence is sparse. UW, HTK and Celsior appear to be the better preservation 
solutions with little difference in rates of DGF between the solutions its usage. Euro Collin 
solution is not widely used and is regarded as inferior with the suggestion of increasing the 
risk of DGF [79]. The outcome of individual preservation solutions is more apparent when the 
CI time is extended beyond 24 hours with UW fairing significantly better than other solutions.  

16. Hypothermic machine perfusion 

Since the introduction of CS techniques in the 1970s there has been much debate about 
whether CS or hypothermic machine perfusion (HMP) is the best method of kidney 
preservation. Undoubtedly, the simplicity of CS has a significant advantage over HMP. 
However, HMP is it thought to be a better method of preservation in that it allows a 
continual flush of the microcirculation, prevents the accumulation of waste products, 
sustains a higher metabolic rate, protects against depolarization of the endothelial cell 
membrane and reduces free radical formation [80]. 

Folkert O Belzer was the first to develop a portable HMP system [81,82] in the 1960s. 
However, with the introduction and success of CS in the 1970s there was little development 
of this technique in subsequent decades. Nonetheless, with the increasing use of DCD and 
ECD kidneys over the last decade, there has been renewed interest into the use of HMP. 
New simpler and portable systems have been developed such as the Lifeport Kidney 
Transporter (Organ Recovery System, US) which has encouraged the use of this technology. 
Many experimental studies have found HMP to improve preservation [7,12] and the quality 
of the kidney. The largest multicentre clinical trial conducted in Europe comparing CS and 
HMP in deceased donors found that HMP reduced the risk of DGF compared to CS 
(adjusted odds ratio, 0.57; P=0.01] and improved 1 and 3 year graft survival [83,84]. 
Although the overall rate of DGF was only reduced by 6%.  

The evidence suggests that HMP may be more beneficial in reducing DGF rates in marginal 
kidneys. In a sub-analysis of 82 pairs of DCD kidneys from the European trial, the DGF rate 
in the HMP group was 53.7% compared to 69.5% in kidneys that were statically stored [85]. 
However, there was no significant difference in graft survival at 1 or 3 years. In a further 
sub-analysis of ECD donors in this trial, HMP reduced rates of DGF from 29.7% to 22% and 
also improved 1 and 3 year graft survival in ECD kidneys [84,86]. In contrast to this support 
for HMP, a multicentre UK trial found no beneficial effects of HMP. 45 pairs of controlled 
DCD kidneys were randomized to HMP or CS [87]. The DGF rates were 58% vs 56% in the 
HMP and CS groups respectively. However, this trial has been criticised for the sequential 
design and the small number of patients [88]. 
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HMP techniques are still open to criticism with the suggestion of increased endothelial 
injury, as found in a recent study of porcine livers [89], risk of trauma to the vessels and the 
question of cost effectiveness compared to static storage techniques [90]. Nonetheless, it 
appears that HMP may hold a significant advantage in reducing CI injury compared to CS 
techniques. The experimental evidence is strong and there is a growing abundance of 
evidence from clinical studies to suggest an advantage. However, the evidence is not 
conclusive and there is a need for more clinical trials to determine the superior method of 
preservation. 

17. Normothermic machine perfusion 

Maintaining an organ under normothermic conditions is an alternative technique of 
preservation. Continuous perfusion of the kidney at warmer temperatures with the delivery 
of nutrients and oxygen has the advantage of avoiding hypothermic injury and hypoxia. In 
addition, it also may aid recovery and prevent further injury. 

Early attempts at normothermic preservation were generally unsuccessful due to the 
inability to maintain cellular integrity and support renal metabolism. However, advances 
have been made over the last few decades with the use of technology borrowed from 
cardiac surgery. The development of less traumatic perfusion pumps and the recognition of 
the necessity for the delivery of nutrients and oxygen to achieve successful perfusion has 
made normothermic preservation a realistic contender in clinical transplantation.  

Normothermic perfusion can be applied in various ways. The concept of extracorporeal 
membrane oxygenation (ECMO) to maintain extracorporeal circulation at normal room or 
body temperature with hyperoxygenated blood can be used to maintain tissue perfusion 
after the heart has stopped. Normothermic recirculation has proved beneficial in the 
retrieval of hearts, lungs and abdominal organs. Valero et al assessed the effects of 
implementing this technique in clinical practice in small group of DCD donors [91]. 
Circulation was maintained for 60 minutes before total body cooling. The incidence of DGF 
and PNF was reduced after normothermic recirculation compared to standard in situ or total 
body cooling. Gravel et al described a DGF rate of 11% in controlled DCD donors [92] and 
Lee et al found similar 5 year graft survival rates to DBD and living donors [93]. Maintaining 
circulation before retrieval is thought to condition the organs by up-regulating adenosine 
receptors which may protect against preservation injury [91]. Reznik et al, recently reported 
the application of extracorporeal normothermic recirculation in uncontrolled DCD donors 
using leukocyte depleted blood [94,95]. Initial graft function was achieved in 6 out of the 16 
patients. In the kidney, more evidence is needed to determine how normothermic 
recirculation before retrieval correlates with early and longer term graft function.  

In consideration of the logistical problems of prolonged preservation a great deal of research 
has focused on using normothermic preservation in combination with hypothermic 
techniques. Experimentally, intermediate periods of normothermic preservation have been 
used to restored energy metabolism with replenishment of adenosine levels, effectively 



 
Current Concepts in Kidney Transplantation 224 

to prevent oedema and glutathione as an antioxidant. The solution has proved beneficial in 
heart, liver, pancreas and in kidney transplantation [75-78].  

15. Outcome 

An abundance of experimental studies have investigated the efficacy of one solution over 
another with the majority of studies labelling UW solution as the most superior. However, 
clinically the evidence is sparse. UW, HTK and Celsior appear to be the better preservation 
solutions with little difference in rates of DGF between the solutions its usage. Euro Collin 
solution is not widely used and is regarded as inferior with the suggestion of increasing the 
risk of DGF [79]. The outcome of individual preservation solutions is more apparent when the 
CI time is extended beyond 24 hours with UW fairing significantly better than other solutions.  

16. Hypothermic machine perfusion 

Since the introduction of CS techniques in the 1970s there has been much debate about 
whether CS or hypothermic machine perfusion (HMP) is the best method of kidney 
preservation. Undoubtedly, the simplicity of CS has a significant advantage over HMP. 
However, HMP is it thought to be a better method of preservation in that it allows a 
continual flush of the microcirculation, prevents the accumulation of waste products, 
sustains a higher metabolic rate, protects against depolarization of the endothelial cell 
membrane and reduces free radical formation [80]. 

Folkert O Belzer was the first to develop a portable HMP system [81,82] in the 1960s. 
However, with the introduction and success of CS in the 1970s there was little development 
of this technique in subsequent decades. Nonetheless, with the increasing use of DCD and 
ECD kidneys over the last decade, there has been renewed interest into the use of HMP. 
New simpler and portable systems have been developed such as the Lifeport Kidney 
Transporter (Organ Recovery System, US) which has encouraged the use of this technology. 
Many experimental studies have found HMP to improve preservation [7,12] and the quality 
of the kidney. The largest multicentre clinical trial conducted in Europe comparing CS and 
HMP in deceased donors found that HMP reduced the risk of DGF compared to CS 
(adjusted odds ratio, 0.57; P=0.01] and improved 1 and 3 year graft survival [83,84]. 
Although the overall rate of DGF was only reduced by 6%.  

The evidence suggests that HMP may be more beneficial in reducing DGF rates in marginal 
kidneys. In a sub-analysis of 82 pairs of DCD kidneys from the European trial, the DGF rate 
in the HMP group was 53.7% compared to 69.5% in kidneys that were statically stored [85]. 
However, there was no significant difference in graft survival at 1 or 3 years. In a further 
sub-analysis of ECD donors in this trial, HMP reduced rates of DGF from 29.7% to 22% and 
also improved 1 and 3 year graft survival in ECD kidneys [84,86]. In contrast to this support 
for HMP, a multicentre UK trial found no beneficial effects of HMP. 45 pairs of controlled 
DCD kidneys were randomized to HMP or CS [87]. The DGF rates were 58% vs 56% in the 
HMP and CS groups respectively. However, this trial has been criticised for the sequential 
design and the small number of patients [88]. 
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HMP techniques are still open to criticism with the suggestion of increased endothelial 
injury, as found in a recent study of porcine livers [89], risk of trauma to the vessels and the 
question of cost effectiveness compared to static storage techniques [90]. Nonetheless, it 
appears that HMP may hold a significant advantage in reducing CI injury compared to CS 
techniques. The experimental evidence is strong and there is a growing abundance of 
evidence from clinical studies to suggest an advantage. However, the evidence is not 
conclusive and there is a need for more clinical trials to determine the superior method of 
preservation. 

17. Normothermic machine perfusion 

Maintaining an organ under normothermic conditions is an alternative technique of 
preservation. Continuous perfusion of the kidney at warmer temperatures with the delivery 
of nutrients and oxygen has the advantage of avoiding hypothermic injury and hypoxia. In 
addition, it also may aid recovery and prevent further injury. 

Early attempts at normothermic preservation were generally unsuccessful due to the 
inability to maintain cellular integrity and support renal metabolism. However, advances 
have been made over the last few decades with the use of technology borrowed from 
cardiac surgery. The development of less traumatic perfusion pumps and the recognition of 
the necessity for the delivery of nutrients and oxygen to achieve successful perfusion has 
made normothermic preservation a realistic contender in clinical transplantation.  

Normothermic perfusion can be applied in various ways. The concept of extracorporeal 
membrane oxygenation (ECMO) to maintain extracorporeal circulation at normal room or 
body temperature with hyperoxygenated blood can be used to maintain tissue perfusion 
after the heart has stopped. Normothermic recirculation has proved beneficial in the 
retrieval of hearts, lungs and abdominal organs. Valero et al assessed the effects of 
implementing this technique in clinical practice in small group of DCD donors [91]. 
Circulation was maintained for 60 minutes before total body cooling. The incidence of DGF 
and PNF was reduced after normothermic recirculation compared to standard in situ or total 
body cooling. Gravel et al described a DGF rate of 11% in controlled DCD donors [92] and 
Lee et al found similar 5 year graft survival rates to DBD and living donors [93]. Maintaining 
circulation before retrieval is thought to condition the organs by up-regulating adenosine 
receptors which may protect against preservation injury [91]. Reznik et al, recently reported 
the application of extracorporeal normothermic recirculation in uncontrolled DCD donors 
using leukocyte depleted blood [94,95]. Initial graft function was achieved in 6 out of the 16 
patients. In the kidney, more evidence is needed to determine how normothermic 
recirculation before retrieval correlates with early and longer term graft function.  

In consideration of the logistical problems of prolonged preservation a great deal of research 
has focused on using normothermic preservation in combination with hypothermic 
techniques. Experimentally, intermediate periods of normothermic preservation have been 
used to restored energy metabolism with replenishment of adenosine levels, effectively 
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‘resuscitating’ the organ and retaining viability compared to kidneys stored under 
hypothermic conditions [96,97]. 

Brasile et al found that a period of warm ex-vivo perfusion at the end of the preservation 
period could resuscitate the kidney after warm and cold ischaemic injury [98,99]. More 
prolonged normothermic preservation periods have also been more beneficial than 
hypothermic techniques [100,101]. The only report of a normothermic kidney perfusion 
technique in clinical practice is by Hosgood and Nicholson [102]. In this single case report of 
a short period of normothermic perfusion of a marginal kidney with an oxygenated packed 
red blood cell based solution, the recipient had immediate graft function compared to DGF 
in the recipient of the paired CS kidney. Further results of the ongoing series at Leicester are 
awaited. Nonetheless, despite the potential benefits, normothermic preservation is 
logistically difficult to carry out requiring technical support and expensive perfusion 
systems.  

18. Biomarkers 

Measuring the amount of ischaemic injury during preservation would be advantageous as 
the quality of the kidney could be assessed and a decision made upon its viability. This 
would be particularly beneficial for marginal kidneys to reduce the likelihood of PNF. 
Viability is normally assessed by numerous factors including donor history, duration of 
cardiac arrest, the quality of in-situ perfusion, CI interval and visual inspection of the 
kidney. Ultimately this relies on the judgement of an experienced surgeon. To avoid PNF, 
surgeons are typically cautious and therefore many kidneys are deemed unsuitable for 
transplantation and are discarded [57]. HMP has been used to assess viability. Two aspects 
can be measured; Firstly, the continuous recirculation of preservation solution through the 
kidney allows the perfusate flow to be measured and intra-renal resistance can be 
calculated. Secondly, the perfusate can be sampled to measure cellular injury.  

Clinically, the perfusion flow index (PFI) has been used as a measure of flow and resistance 
[103,104]. This is based on a minimum flow being obtained for a given pressure. The 
Transplant Group at Newcastle, UK recommend that a PFI of greater than 
0.6ml/min/mmHg/100 gram of kidney is needed for a kidney to be deemed suitable for 
transplantation [105]. However, the ability of these parameters to predict DGF or PNF in 
clinical practice is limited. Jochman et al recently reported that although renal resistance 
(RR) at the end of HMP was an independent risk factor for DGF and 1 year graft survival, it 
had a low predictive power and could not be relied on as a sole measure of viability [106]. 
This is in agreement with other small clinical studies by Sonnenday [107] and Guarrera [108] 
et al that showed that kidneys with poor perfusion parameters had a similar outcome to 
those with good parameters.  

Viability can also be measured by sampling the perfusate for biomarkers of cellular injury. 
Markers such as redox free iron, glutathione S-transferase (GST), total glutathione S-
transferase (tGST), lactate dehydrogenase (LDH), N-acetyl-β-D-glucosaminidase (NAG), 
heart-type fatty acid binding protein (H-FABP) and alanine aminopeptidase (Ala-AP) have 
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all been used to determine injury [104-106,109]. There is little information on their predictive 
value. However, Jochman et al recently published the results from the European HMP trial 
in which perfusate samples were taken for the assessment of biomarkers at the end of HMP 
[106]. GST, NAG, and H-FABP were found to be independent predictors for DGF but not for 
graft survival in the first year after transplantation. LDH, ASAT, and Ala-AP were found to 
have no predictive potential for post transplant outcome. Furthermore, the biomarkers did 
not correlate with intra renal resistance. The evidence suggests that viability assessment 
during HMP cannot be used independently but may be used collectively with the kidney 
characteristics and donor demographics to determine the suitability of a kidney for 
transplantation. 

Normothermic preservation techniques may hold more promise in the assessment of 
viability compared to HMP techniques. During normothermic perfusion renal function and 
metabolism are restored. In experimental models, low levels of blood flow, reduced renal 
function and low oxygen consumption have been associated with increased ischaemic 
injury. Furthermore, these functional measures could be combined with injury biomarkers 
to assess the quality of the kidney. 

19. Experimental studies 

19.1. Oxygenation 

There is a growing body of evidence in support of recovering ischaemically damaged organs 
with oxygenated preservation techniques at low temperatures. Historically, oxygenation 
was considered an essential component of hypothermic kidney preservation in order to 
support mitochondrial resynthesis of ATP and to delay the injury process. However, with 
the introduction of the modern day preservation solutions, and the rapid adoption of simple 
CS techniques, oxygen was not thought to be a vital ingredient and as such is not commonly 
applied in the clinical setting. Various techniques have been used to apply oxygen under CS 
and HMP conditions. 

Retrograde oxygen persufflation is a simple technique whereby filtered and humidified 
oxygen is bubbled directly through the renal vasculature during CS. The gas is then allowed 
to escape through small perforations in the surface of the organ. Reports of its application 
date back to the 1970s [110,111]. Experimentally, there has been renewed interest in this 
technique showing a beneficial effect on graft function when compared to CS and HMP 
techniques [112,113]. 

Hyperbaric oxygenation is the delivery of oxygen under increased atmospheric pressure. 
Hyperbaric oxygenation is normally used to treat decompression sickness, carbon monoxide 
poisoning, gas embolism, circulatory disorders and to promote wound healing [114-116]. 
However, it has been used in organ preservation. Under normal atmospheric pressure there 
is a limit to the amount of oxygen that can be carried in the blood. Increasing the 
atmospheric pressure at which it is delivered, increases the amount of dissolved oxygen in 
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‘resuscitating’ the organ and retaining viability compared to kidneys stored under 
hypothermic conditions [96,97]. 

Brasile et al found that a period of warm ex-vivo perfusion at the end of the preservation 
period could resuscitate the kidney after warm and cold ischaemic injury [98,99]. More 
prolonged normothermic preservation periods have also been more beneficial than 
hypothermic techniques [100,101]. The only report of a normothermic kidney perfusion 
technique in clinical practice is by Hosgood and Nicholson [102]. In this single case report of 
a short period of normothermic perfusion of a marginal kidney with an oxygenated packed 
red blood cell based solution, the recipient had immediate graft function compared to DGF 
in the recipient of the paired CS kidney. Further results of the ongoing series at Leicester are 
awaited. Nonetheless, despite the potential benefits, normothermic preservation is 
logistically difficult to carry out requiring technical support and expensive perfusion 
systems.  

18. Biomarkers 

Measuring the amount of ischaemic injury during preservation would be advantageous as 
the quality of the kidney could be assessed and a decision made upon its viability. This 
would be particularly beneficial for marginal kidneys to reduce the likelihood of PNF. 
Viability is normally assessed by numerous factors including donor history, duration of 
cardiac arrest, the quality of in-situ perfusion, CI interval and visual inspection of the 
kidney. Ultimately this relies on the judgement of an experienced surgeon. To avoid PNF, 
surgeons are typically cautious and therefore many kidneys are deemed unsuitable for 
transplantation and are discarded [57]. HMP has been used to assess viability. Two aspects 
can be measured; Firstly, the continuous recirculation of preservation solution through the 
kidney allows the perfusate flow to be measured and intra-renal resistance can be 
calculated. Secondly, the perfusate can be sampled to measure cellular injury.  

Clinically, the perfusion flow index (PFI) has been used as a measure of flow and resistance 
[103,104]. This is based on a minimum flow being obtained for a given pressure. The 
Transplant Group at Newcastle, UK recommend that a PFI of greater than 
0.6ml/min/mmHg/100 gram of kidney is needed for a kidney to be deemed suitable for 
transplantation [105]. However, the ability of these parameters to predict DGF or PNF in 
clinical practice is limited. Jochman et al recently reported that although renal resistance 
(RR) at the end of HMP was an independent risk factor for DGF and 1 year graft survival, it 
had a low predictive power and could not be relied on as a sole measure of viability [106]. 
This is in agreement with other small clinical studies by Sonnenday [107] and Guarrera [108] 
et al that showed that kidneys with poor perfusion parameters had a similar outcome to 
those with good parameters.  

Viability can also be measured by sampling the perfusate for biomarkers of cellular injury. 
Markers such as redox free iron, glutathione S-transferase (GST), total glutathione S-
transferase (tGST), lactate dehydrogenase (LDH), N-acetyl-β-D-glucosaminidase (NAG), 
heart-type fatty acid binding protein (H-FABP) and alanine aminopeptidase (Ala-AP) have 
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all been used to determine injury [104-106,109]. There is little information on their predictive 
value. However, Jochman et al recently published the results from the European HMP trial 
in which perfusate samples were taken for the assessment of biomarkers at the end of HMP 
[106]. GST, NAG, and H-FABP were found to be independent predictors for DGF but not for 
graft survival in the first year after transplantation. LDH, ASAT, and Ala-AP were found to 
have no predictive potential for post transplant outcome. Furthermore, the biomarkers did 
not correlate with intra renal resistance. The evidence suggests that viability assessment 
during HMP cannot be used independently but may be used collectively with the kidney 
characteristics and donor demographics to determine the suitability of a kidney for 
transplantation. 

Normothermic preservation techniques may hold more promise in the assessment of 
viability compared to HMP techniques. During normothermic perfusion renal function and 
metabolism are restored. In experimental models, low levels of blood flow, reduced renal 
function and low oxygen consumption have been associated with increased ischaemic 
injury. Furthermore, these functional measures could be combined with injury biomarkers 
to assess the quality of the kidney. 

19. Experimental studies 

19.1. Oxygenation 

There is a growing body of evidence in support of recovering ischaemically damaged organs 
with oxygenated preservation techniques at low temperatures. Historically, oxygenation 
was considered an essential component of hypothermic kidney preservation in order to 
support mitochondrial resynthesis of ATP and to delay the injury process. However, with 
the introduction of the modern day preservation solutions, and the rapid adoption of simple 
CS techniques, oxygen was not thought to be a vital ingredient and as such is not commonly 
applied in the clinical setting. Various techniques have been used to apply oxygen under CS 
and HMP conditions. 

Retrograde oxygen persufflation is a simple technique whereby filtered and humidified 
oxygen is bubbled directly through the renal vasculature during CS. The gas is then allowed 
to escape through small perforations in the surface of the organ. Reports of its application 
date back to the 1970s [110,111]. Experimentally, there has been renewed interest in this 
technique showing a beneficial effect on graft function when compared to CS and HMP 
techniques [112,113]. 

Hyperbaric oxygenation is the delivery of oxygen under increased atmospheric pressure. 
Hyperbaric oxygenation is normally used to treat decompression sickness, carbon monoxide 
poisoning, gas embolism, circulatory disorders and to promote wound healing [114-116]. 
However, it has been used in organ preservation. Under normal atmospheric pressure there 
is a limit to the amount of oxygen that can be carried in the blood. Increasing the 
atmospheric pressure at which it is delivered, increases the amount of dissolved oxygen in 
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the plasma allowing deeper penetration into the tissue (Henry’s Law). Therefore, tissues can 
be adequately oxygenated in the absence of a blood flow, a particular advantage in organ 
preservation [114,115]. Although an interesting concept and benefits have been 
demonstrated in liver and bowel transplantation, there has been little evidence of its use in 
kidney preservation in recent times. 

Oxygen can also be added during HMP. At present, HMP is not supplemented with oxygen 
based on the presumption that air equilibration in perfusates sufficiently supports energy 
metabolism and that oxygen consumption at 4ºC is around 5% of that found at body 
temperature [117]. However, ATP can be restored in part, with the addition of oxygen and 
energy substrates during perfusion [118]. Short periods of oxygenated perfusion after CS 
have also been used to resuscitate and condition organs, correcting ATP loss, reducing 
levels of oxidative stress and improving organ viability [119]. The addition of free radial 
scavengers such as superoxide dismutase (SOD) to the preservation solution has been found 
to be beneficial [119,120] in preventing the generation of oxygen free radicals in this highly 
oxygenated environment. 

20. Oxygenated solutions 

Oxygen can also be effectively administered during preservation by the use of artificial 
oxygen carriers. Perfluorocarbons (PFC) are inert solutions that have a high capacity for 
dissolving oxygen. They release oxygen down a concentration gradient creating a highly 
oxygenated environment which is not affected by temperature [121,122]. They can be added 
simply during CS in a technique called the two layer method (TLM). The density of the PFC 
allows two layers to be formed, PFC on the bottom and the preservation solution on top. 
The organ is placed in the solution and remains between the two layers. Oxygen can be 
continuously added allowing adequate diffusion through the organ. TLM has been 
particularly beneficial for pancreas preservation, allowing a sufficient amount of ATP to be 
generated to improve organ viability [121,123]. The use of TLM has shown potential in other 
organs but has failed to gain much support as the ability of oxygen to penetrate deep into 
tissue in more densely capsulated organs has been questioned. In the kidney its beneficial 
effect was found in a rat model, however, when applied in a porcine model the results 
showed no advantage [121,124-126].  

PFC can also be formulated as an emulsion for continuous perfusion and was applied 
during early attempts at machine perfusion [126-129]. However, the instability and adverse 
effects of the emulsions at that time prevented their continued application [121].  

Other novel oxygen carriers have recently been applied experimentally in kidney 
preservation. Hemarina-M101 (M101] is a respiratory pigment derived from a marine 
invertebrate, Arenicola marina [130]. It has an extremely high affinity for oxygen and 
functions over a large range of temperatures (4-37ºC) releasing oxygen against a gradient. 
Using a porcine kidney model Thuiller et al recently showed in that adding M101 to UW or 
HTK solution during CS for 24 hours improved renal function and reduced fibrosis after 
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transplantation. Micro-bubbles derived from Dodecafluoropentane (DDFPe) are also being 
investigated as oxygen replacement therapies and may in the future be applied during 
organ preservation [131,132].  

In addition to hypothermic conditions, perfluorochemical and haemoglobin solutions can 
also be used to deliver oxygen at normothermic temperatures [133]. Brasile et al originally 
developed an acellular normothermic solution based on a modified cell culture medium and 
PFC emulsion (Perflubron) [134]. The perfusate was made up of a highly enriched tissue 
culture-like medium containing essential and non-essential amino acids, lipids, 
carbohydrates. 

Historically, haemoglobin based solutions such as Stroma-free haemoglobin failed to 
demonstrate benefit experimentally because of toxic effects on the kidney. However, a 
newly developed solution, pyridoxalated haemoglobin-polyoxyethylene (PHP) has been 
deemed to be a more stable solution [133]. New more stable 2nd and 3rd generation PFCs are 
being developed and several are undergoing clinical trials to assess their safety. Humphreys 
et al recently used a commercially made PFC ‘Oxygent’ to provide oxygenation and reduced 
ischaemic injury to the kidney during a period of warm ischaemia by retrograde infusion 
through the urinary collecting system [135].  

Other solutions such as Lifor, a new artificial preservation medium containing a non protein 
oxygen carrier that can be used at room temperature may also be used for preservation [136, 
137]. These new solutions may hold more promise for future development of normothermic 
preservation perfusates. Nonetheless, the use of these normothermic perfusates in clinical 
practice is still awaited. 

21. Experimental agents 

I/R injury involves a cascade of events centralised by activated endothelial cells immediately 
after transplantation. One of the first inflammatory responses is the infiltration of 
neutrophils into the tissue. Cell adhesion molecules are recognised by leukocytes which 
interact with tissue cells to allow the movement of immune cells and mediators to the injury 
site [138,139]. This is mainly mediated through the up-regulation of endothelial adhesion 
molecules (ICAM-1, VCAM-1 and E-Selectin) [138]. The release of pro-inflammatory 
cytokines and chemokines, activation of the complement system and production of reactive 
oxygen species (ROS) [139] also cause significant cellular injury.  

A vast number of therapies have been investigated to ameliorate the detrimental effects of 
I/R injury such as vasodilatory agents [140,141], antioxidants [142-144], anti-inflammatory 
agents [145,146] and growth factors [147] and in the experimental setting many of these have 
proved beneficial. Of particular interest are the therapies that collectively target several 
mechanisms of I/R injury, these include the endogenous gaseous molecules nitric oxide 
(NO) [148,149], carbon monoxide (CO) [150,151] and hydrogen sulphide (H2S) [152,153]. 
Experimental models have shown their ability to reduce inflammation, oxidative damage, 
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the plasma allowing deeper penetration into the tissue (Henry’s Law). Therefore, tissues can 
be adequately oxygenated in the absence of a blood flow, a particular advantage in organ 
preservation [114,115]. Although an interesting concept and benefits have been 
demonstrated in liver and bowel transplantation, there has been little evidence of its use in 
kidney preservation in recent times. 

Oxygen can also be added during HMP. At present, HMP is not supplemented with oxygen 
based on the presumption that air equilibration in perfusates sufficiently supports energy 
metabolism and that oxygen consumption at 4ºC is around 5% of that found at body 
temperature [117]. However, ATP can be restored in part, with the addition of oxygen and 
energy substrates during perfusion [118]. Short periods of oxygenated perfusion after CS 
have also been used to resuscitate and condition organs, correcting ATP loss, reducing 
levels of oxidative stress and improving organ viability [119]. The addition of free radial 
scavengers such as superoxide dismutase (SOD) to the preservation solution has been found 
to be beneficial [119,120] in preventing the generation of oxygen free radicals in this highly 
oxygenated environment. 

20. Oxygenated solutions 

Oxygen can also be effectively administered during preservation by the use of artificial 
oxygen carriers. Perfluorocarbons (PFC) are inert solutions that have a high capacity for 
dissolving oxygen. They release oxygen down a concentration gradient creating a highly 
oxygenated environment which is not affected by temperature [121,122]. They can be added 
simply during CS in a technique called the two layer method (TLM). The density of the PFC 
allows two layers to be formed, PFC on the bottom and the preservation solution on top. 
The organ is placed in the solution and remains between the two layers. Oxygen can be 
continuously added allowing adequate diffusion through the organ. TLM has been 
particularly beneficial for pancreas preservation, allowing a sufficient amount of ATP to be 
generated to improve organ viability [121,123]. The use of TLM has shown potential in other 
organs but has failed to gain much support as the ability of oxygen to penetrate deep into 
tissue in more densely capsulated organs has been questioned. In the kidney its beneficial 
effect was found in a rat model, however, when applied in a porcine model the results 
showed no advantage [121,124-126].  

PFC can also be formulated as an emulsion for continuous perfusion and was applied 
during early attempts at machine perfusion [126-129]. However, the instability and adverse 
effects of the emulsions at that time prevented their continued application [121].  

Other novel oxygen carriers have recently been applied experimentally in kidney 
preservation. Hemarina-M101 (M101] is a respiratory pigment derived from a marine 
invertebrate, Arenicola marina [130]. It has an extremely high affinity for oxygen and 
functions over a large range of temperatures (4-37ºC) releasing oxygen against a gradient. 
Using a porcine kidney model Thuiller et al recently showed in that adding M101 to UW or 
HTK solution during CS for 24 hours improved renal function and reduced fibrosis after 
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transplantation. Micro-bubbles derived from Dodecafluoropentane (DDFPe) are also being 
investigated as oxygen replacement therapies and may in the future be applied during 
organ preservation [131,132].  

In addition to hypothermic conditions, perfluorochemical and haemoglobin solutions can 
also be used to deliver oxygen at normothermic temperatures [133]. Brasile et al originally 
developed an acellular normothermic solution based on a modified cell culture medium and 
PFC emulsion (Perflubron) [134]. The perfusate was made up of a highly enriched tissue 
culture-like medium containing essential and non-essential amino acids, lipids, 
carbohydrates. 

Historically, haemoglobin based solutions such as Stroma-free haemoglobin failed to 
demonstrate benefit experimentally because of toxic effects on the kidney. However, a 
newly developed solution, pyridoxalated haemoglobin-polyoxyethylene (PHP) has been 
deemed to be a more stable solution [133]. New more stable 2nd and 3rd generation PFCs are 
being developed and several are undergoing clinical trials to assess their safety. Humphreys 
et al recently used a commercially made PFC ‘Oxygent’ to provide oxygenation and reduced 
ischaemic injury to the kidney during a period of warm ischaemia by retrograde infusion 
through the urinary collecting system [135].  

Other solutions such as Lifor, a new artificial preservation medium containing a non protein 
oxygen carrier that can be used at room temperature may also be used for preservation [136, 
137]. These new solutions may hold more promise for future development of normothermic 
preservation perfusates. Nonetheless, the use of these normothermic perfusates in clinical 
practice is still awaited. 

21. Experimental agents 

I/R injury involves a cascade of events centralised by activated endothelial cells immediately 
after transplantation. One of the first inflammatory responses is the infiltration of 
neutrophils into the tissue. Cell adhesion molecules are recognised by leukocytes which 
interact with tissue cells to allow the movement of immune cells and mediators to the injury 
site [138,139]. This is mainly mediated through the up-regulation of endothelial adhesion 
molecules (ICAM-1, VCAM-1 and E-Selectin) [138]. The release of pro-inflammatory 
cytokines and chemokines, activation of the complement system and production of reactive 
oxygen species (ROS) [139] also cause significant cellular injury.  

A vast number of therapies have been investigated to ameliorate the detrimental effects of 
I/R injury such as vasodilatory agents [140,141], antioxidants [142-144], anti-inflammatory 
agents [145,146] and growth factors [147] and in the experimental setting many of these have 
proved beneficial. Of particular interest are the therapies that collectively target several 
mechanisms of I/R injury, these include the endogenous gaseous molecules nitric oxide 
(NO) [148,149], carbon monoxide (CO) [150,151] and hydrogen sulphide (H2S) [152,153]. 
Experimental models have shown their ability to reduce inflammation, oxidative damage, 
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apoptosis and promote smooth muscle relaxation causing vasodilation to enhance renal 
blood flow. However, their application into clinical practice is awaited. 

There is no single agent used as standard clinical practice to treat I/R injury and reduce 
DGF. Nonetheless, there are several agents of interest that have recently been examined in 
clinical trials. Recombinant human erythropoietin (EPO) is a treatment for anaemia in renal 
patients however it also has cytoprotective properties and has been shown to protect against 
kidney injury in experimental models [154, 155]. However, the results from two clinical 
trials contradict the majority of animal studies and showed no benefit of EPO in reducing 
rates of DGF [156,157]. Furthermore, in one trial concerns of the increase in the incidence of 
graft thrombosis where raised [157]. Other trials to assess the effects of EPO are ongoing and 
the results are pending. It has been suggested that EPO mediates protection through a tissue 
receptor that is distinct from the classical EPO-receptor that is known to mediate 
erythropoiesis [158]. A new compound has been formulated, pyroglutamate helix B surface 
peptide (pHBSP) that has the tissue-protective properties similar to those of EPO but 
without causing erythropoiesis [158]. Early experimental models suggest that this agent is 
beneficial in reducing kidney injury and may hold promise for future clinical trials.  

Several volatile anaesthetic agents sevoflurane and desflurane are also being trialled in 
clinical transplantation to reduce kidney injury. These agents are thought to have a 
conditioning effect that up-regulates protective mechanisms to reduce the I/R injury 
response [159]. The conditioning effect can also be applied by short intervals of ischaemia 
either directly to the organ or remotely to a limb [160]. It can be applied to the donor or 
recipient and again experimental models have shown the benefits of conditioning 
techniques. They are particularly attractive for clinical transplantation in that no 
pharmacological intervention is required and therefore the technique is expected to have a 
high safety profile. The results of several clinical trials are eagerly awaited. Propofol is 
another anaesthetic agent that may reduce I/R injury [161,162]. Experimental models have 
highlighted the anti-oxidant and anti-apoptotic properties of the agent [161,162].  

There has been a great deal of emphasis on stem cell therapy to reduce kidney injury. The 
ability of stem cells to differentiate into multiple lineages with the capacity to stimulate the 
regeneration of renal tissue is particularly attractive in kidney transplantation. Bone marrow 
derived mesenchymal stem cells have been used in the rat kidney to reduce inflammation 
and oxidative damage [163-165]. However, there has been no clinical application of this 
therapy in kidney transplantation. 

Immunosuppressant therapies used on induction can be used to reduce I/R injury and DGF. 
They suppress leukocyte infiltration and reduce endothelial injury. Anti-CD25 [166] and 
antithymocyte globulin (ATG) [167] are amongst some of the agents being currently being 
studied to reduce the incidence of DGF. 

22. Conclusion 

CI injury is detrimental to early graft function and as such early graft dysfunction is 
associated with reduced graft survival and complications after transplantation. However, 
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the direct impact of CI on long term graft survival is less clear. Clinical studies suggest that 
CI may not necessarily be an independent risk factor for reduced graft survival. 
Nonetheless, further evidence is needed to examine the relationship between CI injury and 
graft survival. Hypothermic preservation techniques are designed to counteract the 
detrimental effect of CI injury and hypothermic machine perfusion is emerging as a superior 
method of preservation compared with static cold storage. Other preservation techniques 
are being developed such as normothermic perfusion and the addition of oxygen and 
oxygen carriers during hypothermic preservation. These techniques may hold promise for 
the future to limit the damage caused by CI injury. Therapeutic agents administered to the 
recipient may also prove beneficial in reducing early graft dysfunction. Nonetheless, 
translation of these therapies from animal models to clinical practice remains difficult and 
the search for the optimal agent or therapy is ongoing. 
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DGF. Nonetheless, there are several agents of interest that have recently been examined in 
clinical trials. Recombinant human erythropoietin (EPO) is a treatment for anaemia in renal 
patients however it also has cytoprotective properties and has been shown to protect against 
kidney injury in experimental models [154, 155]. However, the results from two clinical 
trials contradict the majority of animal studies and showed no benefit of EPO in reducing 
rates of DGF [156,157]. Furthermore, in one trial concerns of the increase in the incidence of 
graft thrombosis where raised [157]. Other trials to assess the effects of EPO are ongoing and 
the results are pending. It has been suggested that EPO mediates protection through a tissue 
receptor that is distinct from the classical EPO-receptor that is known to mediate 
erythropoiesis [158]. A new compound has been formulated, pyroglutamate helix B surface 
peptide (pHBSP) that has the tissue-protective properties similar to those of EPO but 
without causing erythropoiesis [158]. Early experimental models suggest that this agent is 
beneficial in reducing kidney injury and may hold promise for future clinical trials.  

Several volatile anaesthetic agents sevoflurane and desflurane are also being trialled in 
clinical transplantation to reduce kidney injury. These agents are thought to have a 
conditioning effect that up-regulates protective mechanisms to reduce the I/R injury 
response [159]. The conditioning effect can also be applied by short intervals of ischaemia 
either directly to the organ or remotely to a limb [160]. It can be applied to the donor or 
recipient and again experimental models have shown the benefits of conditioning 
techniques. They are particularly attractive for clinical transplantation in that no 
pharmacological intervention is required and therefore the technique is expected to have a 
high safety profile. The results of several clinical trials are eagerly awaited. Propofol is 
another anaesthetic agent that may reduce I/R injury [161,162]. Experimental models have 
highlighted the anti-oxidant and anti-apoptotic properties of the agent [161,162].  

There has been a great deal of emphasis on stem cell therapy to reduce kidney injury. The 
ability of stem cells to differentiate into multiple lineages with the capacity to stimulate the 
regeneration of renal tissue is particularly attractive in kidney transplantation. Bone marrow 
derived mesenchymal stem cells have been used in the rat kidney to reduce inflammation 
and oxidative damage [163-165]. However, there has been no clinical application of this 
therapy in kidney transplantation. 

Immunosuppressant therapies used on induction can be used to reduce I/R injury and DGF. 
They suppress leukocyte infiltration and reduce endothelial injury. Anti-CD25 [166] and 
antithymocyte globulin (ATG) [167] are amongst some of the agents being currently being 
studied to reduce the incidence of DGF. 

22. Conclusion 

CI injury is detrimental to early graft function and as such early graft dysfunction is 
associated with reduced graft survival and complications after transplantation. However, 
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the direct impact of CI on long term graft survival is less clear. Clinical studies suggest that 
CI may not necessarily be an independent risk factor for reduced graft survival. 
Nonetheless, further evidence is needed to examine the relationship between CI injury and 
graft survival. Hypothermic preservation techniques are designed to counteract the 
detrimental effect of CI injury and hypothermic machine perfusion is emerging as a superior 
method of preservation compared with static cold storage. Other preservation techniques 
are being developed such as normothermic perfusion and the addition of oxygen and 
oxygen carriers during hypothermic preservation. These techniques may hold promise for 
the future to limit the damage caused by CI injury. Therapeutic agents administered to the 
recipient may also prove beneficial in reducing early graft dysfunction. Nonetheless, 
translation of these therapies from animal models to clinical practice remains difficult and 
the search for the optimal agent or therapy is ongoing. 
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1. Introduction 

Hypertension after kidney transplantation is an important factor for both graft and patient 
survival. Arterial hypertension in renal graft recipient is defined as the blood pressure 
higher than 140/90 mmHg. According to the recent guidelines, the target blood pressure 
should be less than 138/85 mmHg.[1] 

Blood pressure in renal graft recipient is one of the most important factors with negative 
impact on the survival of kidney graft. Correlation between blood pressure and long-term 
graft survival is extremely significant.[2] The introduction of the calcineurin inhibitors into 
the post transplant immunosupressive protocols has increased the prevalence of 
hypertension after kidney transplantation.  

2. Epidemiology 

Cardiovascular disease is the most frequent cause of morbidity and mortality after renal 
transplantation and remains a significant barrier to improve long-term outcomes.Although 
transplantation improves life expectancy compared with dialysis, survival remains well 
below general population estimates. Approximately 50% of patients die with a functioning 
transplant, with approximately 50% of these deaths from cardiovascular disease or stroke.[3] 
Cardiovascular death rates underestimate the full impact of this disease process given the 
large number of nonfatal events, including acute myocardial infarction, cardiac arrhythmias, 
heart failure, and stroke, that affect quality of life. 

Transplant recipients are at an increased cardiovascular risk secondary to a variety of 
modifiable and non modifiable factors, which should be early recognized, continuously 
monitored and, if possible, thoroughly treated. Blood pressure (BP) represents a non-
immunological risk factor that should be readily amenable to intervention. Nevertheless, 
control rates are disturbingly poor and arterial hypertension is observed in the majority of 
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this patient population. The blood pressure frequently rises after kidney transplantation, as 
hypertension develops in up to 60 to 80 or more percent of renal allograft recipients.[4-6] 
Also, it is not unusual have poorly controlled blood pressure among kidney transplant 
recipients. In a single center study, for example, only 5 percent of kidney transplant patients 
were normotensive as defined by blood pressures less than 130/80 mmHg as measured by 
ambulatory blood pressure monitoring. [6] 

3. Pathophysiology and causes 

There are different factors that cause the appearance of hypertension: renal artery stenosis, 
immunosuppressive medications especially calcineurin inhibitors (cyclosporine and 
tacrolimus), corticosteroids, graft dysfunction, chronic allograft nephropathy (CAN), 
recurrent or “de novo” disease as well as genetic predisposition of donor and recipent. 

Most transplant recipients have suffered from long-lasting chronic kidney disease (CKD) 
and have been treated with hemodialysis or peritoneal dialysis for a certain period. These 
patients exhibit structural and functional vascular abnormalities, as reflected by the high 
prevalence of elevated systolic BP and increased pulse pressure. BP in these patients is 
usually difficult to manage and often volume or salt-dependent. Older age, diabetes mellitus 
and a high cardiovascular disease burden are common comorbidities. 

An association between hypertension and deterioration of renal function does not prove a 
causal relationship. Hypertension after transplantation might simply be the result of a 
deterioration in graft function rather than vice versa. Retrospective studies demonstrating 
an association between hypertension after transplantation and graft survival, cannot 
differentiate between cause and effect.[2, 7] 

The first evidence that hypertension per se may lead to graft damage was the observation 
that not only hypertension after transplantation, but also hypertension before 
transplantation is associated with later CAN. Hypertension before transplantation increased 
the risk for later CAN by a factor of 3.4, the magnitude which was only surpassed by late 
(>60 days after transplantation) acute rejection episodes, which increased the risk for CAN 
by 5.5.[8] 

Studies in animals support the concept of hypertension-induced graft damage. In two 
different hypertensive animal models (clipped native kidney plus allograft [9] or 
transplantation into spontaneous hypertensive rats [10]) it was shown that hypertension 
may aggravate graft damage. 

Another elegantly designed study on rat allograft models explored the mechanisms by 
which hypertension contribute to CAN. [11] Rats were either left normotensive or were 
made hypertensive by treatment with deoxycorticosterone acetate (DOCA) and salt. 
Proteinuria was measured monthly, grafts were harvested at 3 and 6 months for semi-
quantitative real time PCR for smooth muscle cell-growth factors PDGF and TGF-β and for 
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immunohistology. Systolic blood pressure was markedly elevated in rats receiving 
DOCA/salt. Proteinuria was elevated in untreated allografts compared to isografts and was 
further raised in hypertensive animals. Expression of mRNA for PDGF was higher in 
allografts than in isografts and was highest in hypertensive animals. Similarly, significantly 
more tubular cells expressing the ‘proliferating cell nuclear antigen’ as well as more 
extracellular matrix deposition were observed in hypertensive animals compared to 
untreated allografts. In addition, increased expression of MHC I and II was observed in 
hypertensive animals by both immunohistology and RT–PCR. Thus, hypertension may 
influence the immunogenicity of the graft. 

These data indicate that hypertension of the recipient acts together with alloantigen-
dependent factors on the expression of growth factors in the graft thought to be responsible 
for the morphological changes observed in CAN, particularly the vascular changes with 
proliferation of smooth muscle cells leading to neointimal proliferation.[12] Hypertension 
may initiate inflammatory pathways or act synergistically with alloantigen-dependent 
factors on graft injury. 

3.1. Role of immunosupressive drugs in development of hypertension 

Immunosuppressive drugs have an important role in the development of hypertension in 
renal transplant patient. The majority of patients that use cyclosporine do have hypertension 
that usually normalizes after discontinuation of the incriminated immunosuppressant. 
Patients that have been using cyclosporine for more than a year develop a need for 
antihypertensive drug(s) in 20-100% of cases.[13] Most often, it is only a slightly elevated 
blood pressure that can be successfully controlled with antihypertensives. However, 
children can develop a serious hypertension combined with neurological complications 
including “grand mal” convulsions after transplantation, due to high doses of cyclosporine 
and vasoconstriction.[14] 

Before cyclosporine A was introduced in 1983, 50% of the patients with transplanted kidney 
developed hypertension. After calcineurin inhibitors (cyclosporine and tacrolimus) were 
introduced the incidence of hypertension surged up to 70-90%.[15] The usage of 
cyclosporine and tacrolimus is associated with reduced production of nitrogen oxide and 
increased production of endothelin as well as reduced endothel function. These factors lead 
to the reduction of vasodilatation on one hand and the increase of vasoconstriction on the 
other hand, which consequently lead to hypertension. Cyclosporine nephrotoxicity and 
resulting chronic nephrosclerosis, thrombotic microangiopathy are probably caused by 
increased sympathic activity, and reduced renal prostaglandin synthesis as well as 
stimulation of renin-angiotensin-aldosterone (RAAS) systems. [16] 

Many authors agree that the influence of cyclosporine and tacrolimus on incidence of post-
transplant hypertension is evident. However, the probability for developing a post-
transplant hypertension in patients on tacrolimus, is at least 5% lower than in those on 
cyclosporine therapy. However, the others argue that tacrolimus in higher doses is no 
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different from cyclosporine in terms of risk for development of post-transplant 
hypertension. [17] 

Calcineurin inhibitor (CNI) free immunosuppression has, therefore, been advocated due to 
the favorable cardio-metabolic profile. In patients receiving belatacept-based 
immunosuppressive regimens and the mammalian target of Rapamycin (mTOR) inhibitor 
sirolimus both systolic and diastolic blood pressure were lower compared with patients on 
CNI.[18] 

Cyclosporine-induced hypertension was more of a problem in the early years of its 
widespread use in which target levels and treatment doses were significantly higher than 
today. However, in the modern era of individualized immunosuppression and after the 
publication of the results of the Efficacy Limiting Toxicity Elimination (ELITE)-Symphony 
study [19, 20] CNI minimization but not complete avoidance is being supported as the best 
available treatment strategy. Furthermore, findings that chronic humoral rejection may be a 
major cause of chronic allograft changes and late allograft failure annihilate the common 
perception that CNIs are responsible for interstitial fibrosis and tubular atrophy.[21] Thus, 
CNI-free combinations are reserved only for selected patients and CNIs are considered to be 
essential for the management of renal transplant recipients. 

Corticosteroids as integral part of basic immunosuppressive protocols also have an 
important role as one of the possible causes for post-transplant hypertension. Volume 
retention caused by corticosteroids partially explains its hypertensive properties. It is 
proven that the decrease of corticosteroid dose leads to a significant decrease of post-
transplant hypertension, as well as reduced body mass index that is considered to be one of 
the causes for the appearance of post-transplant hypertension.[22] Corticosteroids can 
deteriorate hypertension with their hemodynamic and hormone properties reflecting 
through salt and water retention. The usual steroid dose, 10 mg per day or less, however, 
does not present a significant cause of hypertension.[23] 

The well known side-effects of corticosteroids have motivated interest in steroid-free 
immunosuppression for as long as these agents are available. Steroid withdrawal is possible 
in many transplant recipients with comparable patient and graft survival.[24, 25] 
Unfortunately, rejection rates are higher and allograft fibrosis seems to be more common. 
Still, there may be a advantageous trade-off in terms of reduction of cardiovascular risk 
factors including hypertension, diabetes and dyslipidaemia.[26] Corticosteroids may 
contribute more to hypertension early after transplantation or during pulse rejection therapy 
due to higher doses administered.[27] Glucocorticosteroid-mediated hypertension seems to 
result from increased peripheral vascular resistance through direct action on the vascular 
smooth muscle cells and not through the activation of the mineralcorticoid receptor.[28] 

3.2. Role of allograft nephropathy in development of hypertension 

It is accepted for a fact that chronic graft nephropathy is one of the main causes of 
hypertension after kidney transplantation.[29] Hypertension is quite often the first clinical 
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sign of chronic graft rejection. A great number of authors highlight the association between 
chronic graft nephropathy and hypertension more than the degree of tissue match (HLA), 
suggesting that hypertension is merely one of the causes of chronic graft nephropathy rather 
than its consequence.[8] 

Hypertension is an independent risk factor for the graft dysfunction with the normal 
creatinine level, as well as with the patients that have been previously treated for acute 
rejection. The most frequent consequence of hypertension is hypertrophy of the left 
chamber, angina pectoris, myocardial infarction, stroke, heart weakness, arrhythmia, and 
sudden death.[15] With the appropriate treatment it is possible to induce regression of the 
left ventricle hypertrophy and reduce the risk of cardiovascular diseases. [30] 

3.3. Donor and recipient related factors and the development of hypertension 

Small increases in BP in donors after transplantation do occur and effects are more 
noticeable in donors with lower nephron mass.[31] However, apart from fetal programming, 
nephron mass declines continuously with age and prevalence of nephrosclerosis increases 
linearly and independently from other risk factors from 2.7% for patients aged 18-29 years to 
73% for those aged 70-77 years.[32] Older kidney donors (>55 years) have slightly less than 
half the number of functioning glomeruli compared with younger ones according to a recent 
report.[33] 

Apart from ongoing injury, congenital endowment and donor's age appear to be critical 
determinants of transplant nephron mass. Therefore, it is not surprising that donor age and 
graft size are related to the development of posttransplant hypertension. Recipients of older 
deceased kidney donors are more likely to be hypertensive, whereas patients with low 
kidney transplant to recipient weight ratios are in need of more intense antihypertensive 
regimens.[34, 35] 

Kidney recipients that have received kidney from donors with positive family history for 
hypertension have the higher possibility of developing artery hypertension than the 
recipients who have received the kidney from donors without family history. However, 
patients having primary hypertension as the cause of terminal renal insufficiency, become 
normotensive after bilateral nephrectomy and successful kidney transplantation from 
normotensive donor.[36] 

Recipient’s native kidneys and pre-transplant hypertension are described as independent 
factor associated with post-transplant hypertension. They can cause hypertension in graft 
recipient via renin-angiotensin system.[29] Also, blood pressure in the recipient's transplant 
can be influenced by re-emergence of primary disease, “de novo” glomerulonephritis and 
obstructive uropathy. 

3.4. Posttransplant hypertension due to renal transplant artery stenosis 

Incidence of renal artery stenosis falls within the range of 2-6% and it is comparably much 
lower than 80% incidence of developing post-transplant hypertension.[37] The donors 



 
Current Concepts in Kidney Transplantation 246 

different from cyclosporine in terms of risk for development of post-transplant 
hypertension. [17] 

Calcineurin inhibitor (CNI) free immunosuppression has, therefore, been advocated due to 
the favorable cardio-metabolic profile. In patients receiving belatacept-based 
immunosuppressive regimens and the mammalian target of Rapamycin (mTOR) inhibitor 
sirolimus both systolic and diastolic blood pressure were lower compared with patients on 
CNI.[18] 

Cyclosporine-induced hypertension was more of a problem in the early years of its 
widespread use in which target levels and treatment doses were significantly higher than 
today. However, in the modern era of individualized immunosuppression and after the 
publication of the results of the Efficacy Limiting Toxicity Elimination (ELITE)-Symphony 
study [19, 20] CNI minimization but not complete avoidance is being supported as the best 
available treatment strategy. Furthermore, findings that chronic humoral rejection may be a 
major cause of chronic allograft changes and late allograft failure annihilate the common 
perception that CNIs are responsible for interstitial fibrosis and tubular atrophy.[21] Thus, 
CNI-free combinations are reserved only for selected patients and CNIs are considered to be 
essential for the management of renal transplant recipients. 

Corticosteroids as integral part of basic immunosuppressive protocols also have an 
important role as one of the possible causes for post-transplant hypertension. Volume 
retention caused by corticosteroids partially explains its hypertensive properties. It is 
proven that the decrease of corticosteroid dose leads to a significant decrease of post-
transplant hypertension, as well as reduced body mass index that is considered to be one of 
the causes for the appearance of post-transplant hypertension.[22] Corticosteroids can 
deteriorate hypertension with their hemodynamic and hormone properties reflecting 
through salt and water retention. The usual steroid dose, 10 mg per day or less, however, 
does not present a significant cause of hypertension.[23] 

The well known side-effects of corticosteroids have motivated interest in steroid-free 
immunosuppression for as long as these agents are available. Steroid withdrawal is possible 
in many transplant recipients with comparable patient and graft survival.[24, 25] 
Unfortunately, rejection rates are higher and allograft fibrosis seems to be more common. 
Still, there may be a advantageous trade-off in terms of reduction of cardiovascular risk 
factors including hypertension, diabetes and dyslipidaemia.[26] Corticosteroids may 
contribute more to hypertension early after transplantation or during pulse rejection therapy 
due to higher doses administered.[27] Glucocorticosteroid-mediated hypertension seems to 
result from increased peripheral vascular resistance through direct action on the vascular 
smooth muscle cells and not through the activation of the mineralcorticoid receptor.[28] 

3.2. Role of allograft nephropathy in development of hypertension 

It is accepted for a fact that chronic graft nephropathy is one of the main causes of 
hypertension after kidney transplantation.[29] Hypertension is quite often the first clinical 

 
Hypertension After Renal Transplantation 247 

sign of chronic graft rejection. A great number of authors highlight the association between 
chronic graft nephropathy and hypertension more than the degree of tissue match (HLA), 
suggesting that hypertension is merely one of the causes of chronic graft nephropathy rather 
than its consequence.[8] 

Hypertension is an independent risk factor for the graft dysfunction with the normal 
creatinine level, as well as with the patients that have been previously treated for acute 
rejection. The most frequent consequence of hypertension is hypertrophy of the left 
chamber, angina pectoris, myocardial infarction, stroke, heart weakness, arrhythmia, and 
sudden death.[15] With the appropriate treatment it is possible to induce regression of the 
left ventricle hypertrophy and reduce the risk of cardiovascular diseases. [30] 

3.3. Donor and recipient related factors and the development of hypertension 

Small increases in BP in donors after transplantation do occur and effects are more 
noticeable in donors with lower nephron mass.[31] However, apart from fetal programming, 
nephron mass declines continuously with age and prevalence of nephrosclerosis increases 
linearly and independently from other risk factors from 2.7% for patients aged 18-29 years to 
73% for those aged 70-77 years.[32] Older kidney donors (>55 years) have slightly less than 
half the number of functioning glomeruli compared with younger ones according to a recent 
report.[33] 

Apart from ongoing injury, congenital endowment and donor's age appear to be critical 
determinants of transplant nephron mass. Therefore, it is not surprising that donor age and 
graft size are related to the development of posttransplant hypertension. Recipients of older 
deceased kidney donors are more likely to be hypertensive, whereas patients with low 
kidney transplant to recipient weight ratios are in need of more intense antihypertensive 
regimens.[34, 35] 

Kidney recipients that have received kidney from donors with positive family history for 
hypertension have the higher possibility of developing artery hypertension than the 
recipients who have received the kidney from donors without family history. However, 
patients having primary hypertension as the cause of terminal renal insufficiency, become 
normotensive after bilateral nephrectomy and successful kidney transplantation from 
normotensive donor.[36] 

Recipient’s native kidneys and pre-transplant hypertension are described as independent 
factor associated with post-transplant hypertension. They can cause hypertension in graft 
recipient via renin-angiotensin system.[29] Also, blood pressure in the recipient's transplant 
can be influenced by re-emergence of primary disease, “de novo” glomerulonephritis and 
obstructive uropathy. 

3.4. Posttransplant hypertension due to renal transplant artery stenosis 

Incidence of renal artery stenosis falls within the range of 2-6% and it is comparably much 
lower than 80% incidence of developing post-transplant hypertension.[37] The donors 



 
Current Concepts in Kidney Transplantation 248 

younger than 5 years, termino-terminal anastomosis with internal iliac artery as well as the 
implantation of right kidney are associated with frequent renovascular complications. In a 
retrospective study of 29 recipients with stenosis and a case-control group of 58 patients, an 
increased risk of stenosis was significantly associated with CMV infection and delayed 
function.[38] In contrast to termino-terminal anastomosis with the internal iliac artery, 
termino-terminal anastomosis with the external iliac artery, in children, decreases renal 
artery stenosis incidence. 

Posttransplant hypertension due to renal transplant artery stenosis is important to identify 
because it is a correctable form of hypertension. Although it can present at any time, renal 
artery stenosis usually becomes evident between three months and two years 
posttransplant.[39] 

Clinical suspicion for renal artery stenosis should be raised in situations when audible 
sound can be recorded during the graft auscultation or in the case of abrupt deterioration of 
graft function after administration of angiotensin-converting enzyme inhibitor. 
Hypertension caused by renal artery stenosis is frequently associated with the occurrence of 
diuretic resistant oedema without significant proteinuria, and with the reduced graft 
function. It is often associated with polycythaemia.  

Stenosis can occur on the anastomosis, but also proximal or distal from anastomosis. Typical 
time of occurrence is 6-24 months after transplantation. Factors that can cause the renal 
artery stenosis are: artery injury during explantation and implantation, intimal injury during 
cannulation or weak technique of vascular suture.[40] 

The prevalence of anastomotic renal transplant artery stenosis is difficult to assess. This is 
due in part to discrepancies in the definition of hemodynamically significant lesions and the 
use of different diagnostic modalities. It has been suggested that functionally significant 
stenosis occurs in up to 12 percent of transplant recipients with hypertension, with a range 
of incidence from 1 to 23 percent.[38] 

As with other causes of bilateral renal artery stenosis or unilateral stenosis in a solitary 
kidney, the administration of an angiotensin converting enzyme (ACE) inhibitor or 
angiotensin II receptor blocker (ARB) to a patient with transplant renal artery stenosis can 
lead to a reversible decline in glomerular filtration rate. [39, 41] Thus, an elevation in plasma 
creatinine concentration in this setting is suggestive but not diagnostic of renovascular 
disease in the graft. Persistent uncontrolled hypertension, flash pulmonary edema, and an 
acute elevation in blood pressure are other common features of this disorder.[42] 

Although various different imaging techniques may be utilized to diagnose renal artery 
stenosis, arteriography is the preferred modality. However, since arteriography is invasive, 
magnetic resonance arteriography or CT angiography are increasingly utilized techniques to 
screen and/or diagnose transplant recipients for the presence of renovascular disease.[39, 43] 

The options available to correct stenosis of the renal artery include angioplasty (with or 
without stenting) and surgery. 
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3.5. Consequences of posttransplant hypertension 

Hypertension is one of the main risk factors for cardiovascular diseases and reduction of 
transplant and patient survival. Over the past ten years, the survival of kidney grafts and 
patients have been recording a significant improvement.  

There is little doubt that uncontrolled posttransplant hypertension contributes considerably 
to graft failure and affects patient survival negatively. The Collaborative Transplant Study 
(CTS) group first demonstrated a strong and graded relationship between posttransplant BP 
and renal allograft failure [2], results that have also been validated in subsequent 
studies.[44] Furthermore, persistently poor controlled posttransplant hypertension (defined 
as SBP above 140 mm Hg) was found to be associated with poor outcomes, namely worse 
graft survival and increased cardiovascular mortality.[45] 

The study of 29.000 kidney recipients confirms that the increase of systolic and diastolic 
pressure leads to the higher risk of graft failure. Chronic kidney failure is significantly 
associated with high blood pressure. It is proven that hypertension is an independent risk 
factor in kidney graft failure. It has been reported that in hypertensive recipients with 
systolic blood pressure higher than 150mmHg after the first year from transplantation, there 
is up to 15% better graft survival in four-years period, with prescribed antihypertensive 
therapy. [46] 

4. Treatment of posttransplant hypertension 

4.1. General considerations and pronciples 

The target blood pressure is based in part upon the presence or absence of proteinuria 
and/or additional comorbid conditions, such as diabetes mellitus and/or atherosclerotic 
cardiovascular disease.[1, 5] The K/DOQI guidelines recommend that the target blood 
pressure should be less than 130/80 mmHg.[1] For those with significant proteinuria (greater 
than a spot urine total protein to creatinine ratio of 500 to 1000 mg/g), the K/DOQI work 
group suggests that a lower systolic blood pressure goal should be considered. The 
European best practice guidelines recommend a blood pressure goal of less than 125/75 
mmHg for proteinuric patients. [47] 

The recommended BP targets in renal transplant recipients do not differ from the BP targets 
of nontransplanted patients at high cardiovascular risk, such as diabetic patients and 
patients with CKD or established cardiovascular disease. It is important to note that the 
recommendation to lower systolic BP below 130 mmHg in high-risk hypertensive 
individuals of the (nontransplanted) general population is not even supported by consistent 
trial evidence [48] but also, a series of recent publications report no significant benefit or 
even potential clinical harm by targeting lower BP levels in those patients. 

Posttransplant hypertension should be treated to protect against cardiovascular disease and 
against possible hypertensive injury to the graft. It has been suggested that long-term renal 
allograft survival may be negatively influenced by posttransplant hypertension. [7, 49] 
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There are also clinical data showing benefits with blood pressure control. This was best 
shown in a study of nearly 25,000 first deceased donor kidney recipients.[45] Among 
patients with systolic blood pressures >140 mmHg at one year post-transplant, improved 
long-term allograft outcome was observed among patients with systolic pressures controlled 
to less than 140 mmHg at three years versus those with sustained increases in systolic 
pressure. 

The goal of treatment is to protect graft function and reduce the risk of cardiovascular 
complications. By applying general life style modifications such as weight control, limited 
salt and fat intake, moderate physical activity and smoking cessation it is possible to achieve 
better graft function.[50] 

No antihypertensive drug class is contraindicated in the renal transplant recipient and the 
selection of a specific agent depends mainly on the presence or absence of other 
comorbidities.[1, 51] The reluctance in the use renin-angiotensine-aldosterone system 
(RAAS) blockers and the ability of calcium channel blockers (CCBs) to counteract the 
systemic and renal vasoconstrictive effects of CNIs has influenced the choice of 
antihypertensive therapy.[52] CCBs are currently considered the therapeutic standard for 
the treatment of posttransplant hypertension. A recent meta-analysis of a total of 60 
randomized controlled trials enrolling nearly 4000 kidney transplant recipients showed that 
CCBs were the preferred first-line agents.[53] Yet, in the majority of renal transplant 
recipients, multiple drugs must be given to effectively treat hypertension. As attaining BP 
targets is more important than selection of individual agents, every drug class may be 
appropriate after considering the individual contraindications and the patient's risk 
profile.[54, 55] 

It is necessary to determine the causes of post-transplant hypertension and then establish 
appropriate therapy. Hypertensive patients not taking cyclosporine or tacrolimus should be 
started on antihypertensive medications. Calcium channel blockers, ACE inhibitors, and 
beta-blockers all may be effective in this setting. A diuretic may also be necessary in patients 
with allograft dysfunction in whom volume expansion often contributes to the rise in blood 
pressure. 

In patient on calcineurin inhibitor, an attempt should be made to reduce the calcineurin 
inhibitor dose in hypertensive patients receiving one of these agents. If the patient remains 
hypertensive, therapy with a calcium channel blocker or a diuretic (with concurrent salt 
restriction) should be begun. Other antihypertensive drugs can be added if the blood 
pressure is not controlled with a calcium channel blocker. 

Patients with resistant hypertension should undergo renal arteriography to exclude renal 
artery stenosis unless there are findings (such as renal insufficiency and an active urine 
sediment) suggesting possible recurrence of the primary disease. Angioplasty (with or 
without stenting) or surgery is indicated if a significant stenosis is found. In the absence of 
renovascular disease, recurrent disease, or rejection, consideration should be given to 
removal of the native kidneys if there is no other way to control the hypertension.[56, 57] 
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4.2. Calcium channel blockers 

Many physicians prefer a calcium channel blocker because in addition to proven 
antihypertensive efficacy, it minimizes cyclosporine-induced renal vasoconstriction.[15, 58] 
The influence on renal hemodynamics positively affects the reduction of fluids and also the 
acting of calcineurin inhibitors. Clinical studies show that the usage of calcium antagonists 
with calcineurin inhibitors is connected with the reduction of delayed graft function, with 
lower number of acute rejection episodes and improvement of long-term graft survival.[59]  

A large number of studies have evaluated the efficacy of calcium channel blockers in kidney 
transplant patients. A 2009 systematic review of 29 studies with 2262 patients that compared 
calcium channel blockers to placebo or no treatment as well as seven studies with 405 
patients that compared calcium channel blockers with ACE inhibitors found that calcium 
channel blockers were the most effective antihypertensive agent.[53] This systematic review 
included studies in which patients were not taking a calcineurin inhibitor. 

CCBs and ACE inhibitors equally lower the blood pressure. However, in parallel head-to-
head two year study which compared nifedipine and lisinopril, it was demonstrated that 
calcium antagonists improved renal function in 20% more patients than those taking 
lisinopril.[46] 

Calcium channel blockers may have significant drug interactions with cyclosporine, 
tacrolimus, sirolimus or everolimus (Table 1).[60] Verapamil, diltiazem, nicardipine, and 
amlodipine (to a minor extent), but not nifedipine or isradipine, slow 
cyclosporine/tacrolimus metabolism and elevate the plasma cyclosporine concentration. [60, 
61] Some physicians have recommended the use of nifedipine to prevent this interaction, 
while others prefer verapamil or diltiazem since the inhibition of cyclosporine/tacrolimus 
metabolism permits the use of lower cyclosporine doses. 

4.3. Beta blockers 

Some authors argue that beta blockers should be first line of treatment in patients with 
posttransplant hypertension and co-existing heart disease.[62] Beta blockers may increase 
the triglyceride level, and decrease HDL cholesterol level and in already established 
dislipidemia in immunosupriminary patients may lead to the additional increase in lipid 
levels.[63] Beta blockers also contribute to the development of diabetes.  

Nevertheless, in patients with heart disease and myocardial inarction they should be part of 
usual treatment. Left ventricle hypertrophy is an independent factor of mortality in 60 % of 
the patients with terminal kidney insufficiency while hypertension is a decisive factor in 
hypertrophy pathogenesis of the left chamber. [64] 

4.4. ACE inhibitors and angiotenzin II receptor blockers 

The role of ACE inhibitors/angiotensin II receptor blockers in the transplant patient is 
incompletely defined. These drugs effectively lower the blood pressure and experiments in  
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Drug class Indication/benefits Side-effects/contraindications 
a-Blockers Prostate hypertrophy Orthostatic hypotension 

b-Blockers 

Refractory hypertension 
Hyperkalemia 
Chronic graft dysfunction 
Heart failure 
Coronary artery disease 
Atrial fibrillation 

Hypokalemia 
Metabolic syndrome 
Glucose intolerance 
AV-block grade 2 or 3 
Asthma/severe COPD 
Peripheral artery disease 

Calcium 
channel blockers 

Coronary artery disease 
Supraventricular tachycardia  
(non-DHPs) 
Peripheral artery disease 

Edema 
Interactions with CNIs (non-DHPs) 
Proteinuria 

Centrally acting 
agents 

Useful in patients with CKD and 
after kidney transplantation 
(increased sympathetic tone) 

Bradycardia if used with b- blockers 

Diuretics 
Heart failure 
Volume overload 

Gout/hyperuricemia 
Hyponatremia 

RAAS blockers 
Left ventricular hypertrophy 
Systolic heart failure 
Proteinuria 

Hyperkalemia 
Significant transplant artery stenosis 
Pregnancy 

Vasodilators Refractory hypertension 
Orthostatic hypotension 
Fluid sequestration if used without 
diuretics (minoxidil) 

AV-atrioventricular; CKD-chronic kidney disease; CNI-calcineurin inhibitor; COPD-chronic obstructive 
pulmonary disease; DHP-dihydropyridine; GFR-glomerular filtration rate; LVH-left ventricular 
hypertrophy; RAAS-renin–angiotensin–aldosterone system.

Table 1. Potential indications/benefits and side-effect/contraindications of various antihypertensive 
classes in treatment of hypertension after renal transplantation 

animals suggest that they may partially protect against cyclosporine nephrotoxicity when 
compared to similar blood pressure control with hydrochlorothiazide, reserpine, minoxidil, 
hydralazine, or furosemide. [65, 66] 

ACE inhibitors slow down chronic insufficiency of native kidney, and are used for a very 
long time as an alternative in hypertension treatment.[67, 68] The protective functioning 
effects of ACE inhibitor are founded on the decrease of both intraglomerular pressure and 
proteinuria. It is important to point out that angiotensin-converting enzyme inhibitors and 
angiotensin II receptor blockers inhibit the activation of transforming growth factor –β 
(TGF), which is included in pathogenesis of chronic kidney failure. The ability of 
angiotensin-converting enzyme inhibitor to slow down the development of chronic kidney 
failure is proven on animal experiments and it is documented in the recent report.[69] 

However, there are several potential risks with ACE inhibitors/angiotensin II receptor 
blockers in calcineurin-inhibitor treated patients. The combination of ACE inhibition and 
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cyclosporine-induced vascular disease can induce a modest decline in glomerular filtration 
rate via the same mechanism described above for renal artery stenosis [68].[70] Early after 
transplantation (within three to six months post-transplantation), the increase in serum 
creatinine concentration may confound the ability to accurately detect acute rejection. 

Cyclosporine/tacrolimus tends to raise the plasma potassium concentration, primarily by 
decreasing urinary potassium excretion. This effect can be exacerbated by an ACE inhibitor, 
which reduces angiotensin II production and subsequent aldosterone secretion. Thus, ACE 
inhibitors should be avoided in patients who already have a plasma potassium 
concentration above 5.0 meq/L. 

ACE inhibitors can induce anemia in transplant recipients, lowering the hematocrit by as 
much as 5 to 10 percent [69] via an effect that may be enhanced by cyclosporine.[71] Why 
this occurs is incompletely understood but a similar phenomenon probably accounts for the 
efficacy of ACE inhibition in posttransplant erythrocytosis. 

To assess the safety and efficacy of ACE inhibitors and angiotensin II receptor blockers 
(ARBs) in kidney transplant recipients, a large number of retrospective and prospective 
studies have been performed. The magnitude of these effects was evaluated in a 2009 
systematic review of 10 studies with 445 patients that compared angiotensin converting 
enzyme inhibitors to placebo or no treatment and of 7 studies with 405 patients that 
compared angiotensin converting enzyme inhibitors to calcium channel blockers.[53] 
Compared with calcium channel blockers, angiotensin converting enzyme inhibitors were 
associated with a decrease in GFR, proteinuria level, and hemoglobin value and an 
increased incidence of hyperkalemia. 

No definitive conclusions with respect to GFR and allograft loss could be reached when 
angiotensin converting enzyme inhibitors were compared with placebo or no treatment. 
Several retrospective studies in patients with chronic allograft nephropathy have reported 
benefits with these agents in terms of slowing the progression of renal failure and possibly 
mortality.  

4.5. Conclusion 

In conclusion, a great number of patients after renal replacement treatment have poorly 
controlled blood pressure. Numerous studies bring evidence that poorly controlled 
hypertension poses a significant threat to both patient and graft which is why blood 
pressure control may be as equally important as tailoring the individualized 
immunosupressive regime. 

Author details 

Mithat Tabaković*, Nermin N. Salkić, Fahir Baraković and Senaid Trnačević 
University Clinical Center Tuzla, Internal Medicine Hospital, Tuzla, Bosnia and Herzegovina 
                                                                 
* Corresponding Author 



 
Current Concepts in Kidney Transplantation 252 

Drug class Indication/benefits Side-effects/contraindications 
a-Blockers Prostate hypertrophy Orthostatic hypotension 

b-Blockers 

Refractory hypertension 
Hyperkalemia 
Chronic graft dysfunction 
Heart failure 
Coronary artery disease 
Atrial fibrillation 

Hypokalemia 
Metabolic syndrome 
Glucose intolerance 
AV-block grade 2 or 3 
Asthma/severe COPD 
Peripheral artery disease 

Calcium 
channel blockers 

Coronary artery disease 
Supraventricular tachycardia  
(non-DHPs) 
Peripheral artery disease 

Edema 
Interactions with CNIs (non-DHPs) 
Proteinuria 

Centrally acting 
agents 

Useful in patients with CKD and 
after kidney transplantation 
(increased sympathetic tone) 

Bradycardia if used with b- blockers 

Diuretics 
Heart failure 
Volume overload 

Gout/hyperuricemia 
Hyponatremia 

RAAS blockers 
Left ventricular hypertrophy 
Systolic heart failure 
Proteinuria 

Hyperkalemia 
Significant transplant artery stenosis 
Pregnancy 

Vasodilators Refractory hypertension 
Orthostatic hypotension 
Fluid sequestration if used without 
diuretics (minoxidil) 

AV-atrioventricular; CKD-chronic kidney disease; CNI-calcineurin inhibitor; COPD-chronic obstructive 
pulmonary disease; DHP-dihydropyridine; GFR-glomerular filtration rate; LVH-left ventricular 
hypertrophy; RAAS-renin–angiotensin–aldosterone system.

Table 1. Potential indications/benefits and side-effect/contraindications of various antihypertensive 
classes in treatment of hypertension after renal transplantation 

animals suggest that they may partially protect against cyclosporine nephrotoxicity when 
compared to similar blood pressure control with hydrochlorothiazide, reserpine, minoxidil, 
hydralazine, or furosemide. [65, 66] 

ACE inhibitors slow down chronic insufficiency of native kidney, and are used for a very 
long time as an alternative in hypertension treatment.[67, 68] The protective functioning 
effects of ACE inhibitor are founded on the decrease of both intraglomerular pressure and 
proteinuria. It is important to point out that angiotensin-converting enzyme inhibitors and 
angiotensin II receptor blockers inhibit the activation of transforming growth factor –β 
(TGF), which is included in pathogenesis of chronic kidney failure. The ability of 
angiotensin-converting enzyme inhibitor to slow down the development of chronic kidney 
failure is proven on animal experiments and it is documented in the recent report.[69] 

However, there are several potential risks with ACE inhibitors/angiotensin II receptor 
blockers in calcineurin-inhibitor treated patients. The combination of ACE inhibition and 

 
Hypertension After Renal Transplantation 253 

cyclosporine-induced vascular disease can induce a modest decline in glomerular filtration 
rate via the same mechanism described above for renal artery stenosis [68].[70] Early after 
transplantation (within three to six months post-transplantation), the increase in serum 
creatinine concentration may confound the ability to accurately detect acute rejection. 

Cyclosporine/tacrolimus tends to raise the plasma potassium concentration, primarily by 
decreasing urinary potassium excretion. This effect can be exacerbated by an ACE inhibitor, 
which reduces angiotensin II production and subsequent aldosterone secretion. Thus, ACE 
inhibitors should be avoided in patients who already have a plasma potassium 
concentration above 5.0 meq/L. 

ACE inhibitors can induce anemia in transplant recipients, lowering the hematocrit by as 
much as 5 to 10 percent [69] via an effect that may be enhanced by cyclosporine.[71] Why 
this occurs is incompletely understood but a similar phenomenon probably accounts for the 
efficacy of ACE inhibition in posttransplant erythrocytosis. 

To assess the safety and efficacy of ACE inhibitors and angiotensin II receptor blockers 
(ARBs) in kidney transplant recipients, a large number of retrospective and prospective 
studies have been performed. The magnitude of these effects was evaluated in a 2009 
systematic review of 10 studies with 445 patients that compared angiotensin converting 
enzyme inhibitors to placebo or no treatment and of 7 studies with 405 patients that 
compared angiotensin converting enzyme inhibitors to calcium channel blockers.[53] 
Compared with calcium channel blockers, angiotensin converting enzyme inhibitors were 
associated with a decrease in GFR, proteinuria level, and hemoglobin value and an 
increased incidence of hyperkalemia. 

No definitive conclusions with respect to GFR and allograft loss could be reached when 
angiotensin converting enzyme inhibitors were compared with placebo or no treatment. 
Several retrospective studies in patients with chronic allograft nephropathy have reported 
benefits with these agents in terms of slowing the progression of renal failure and possibly 
mortality.  

4.5. Conclusion 

In conclusion, a great number of patients after renal replacement treatment have poorly 
controlled blood pressure. Numerous studies bring evidence that poorly controlled 
hypertension poses a significant threat to both patient and graft which is why blood 
pressure control may be as equally important as tailoring the individualized 
immunosupressive regime. 
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1. Introduction 

Transplant renal artery stenosis (TRAS) is an increasingly recognized, potentially 
reversible complication of kidney transplantation. It has become an important curable 
cause of hypertension, graft dysfunction and graft loss in kidney recipients. The 
incidence varies from 1% to 23%[1] and can be attributed to several factors, first, the 
absence of the definition of hemodynamically significant TRAS, hence, the reported 
stenosis ranges widely from 50% to 90% [2-5]. Second, the ready availability of 
noninvasive screening modalities, such as color Doppler ultrasonography (DUS) and 
magnetic resonance angiography (MRA), may have led to an increase in the number of 
suspected cases and third, the intensity with which diagnosis and screening is pursued 
[1]. The vast majority of cases present between 3 months to 2 years after transplantation 
but can also present earlier or later [6]. The usual presentation is worsening or new onset 
hypertension and /or graft dysfunction in the absence of rejection, drug toxicity, ureteric 
obstruction and infection. Several etiologic mechanisms have been proposed for TRAS, 
acute rejection [7], suture technique, atherosclerotic arterial disease in the donor or 
recipient, arterial trauma during organ procurement or transplant, cytomegalovirus 
(CMV) [8, 9], deceased donor transplants, prolonged cold ischemia and arterial kinking 
because of a longer renal artery [1,11]. Angiography remains the gold standard for 
diagnosis and planning appropriate therapy [1]. Percutaneous transluminal balloon 
angioplasty (PTA) is the preferred initial mode of therapy since it is minimally invasive, 
safe and effective, with success rates reported between 20% and 88%[1, 12,]. Post PTA 
recurrence prompted the primary placement of endovascular stents to maintain long 
term patency [13]. Surgical repair of TRAS is technically challenging due to the dense 
scar tissue around the allograft, it can result in graft loss and may be indicated in cases 
where PTA has either failed or is not an option [6]. The hypothesis of downstream effects 
of renal ischemia and hypoperfusion are introduced for the first time in an attempt to 
explain its association with ureteric stenosis [14]. 
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2. Etiology 

There are 3 main lesions seen in TRAS: the common variety is at or close to the anastomosis, 
another is a localized lesion, which can be proximal or distal to the anastomosis and lastly, 
diffuse or multiple stenoses.  

2.1. Surgical technique and perfusion 

The early presentation of TRAS is suggestive of a technical reason, late presentations 
especially after many years suggests progression of recipient atherosclerosis. The most 
common cause of stenosis is related to poor technique and usually located at the site of 
anastomosis, especially in end to end anastomoses [8, 12] when arteries with unequal 
diameters are approximated. Other technical reasons that may result in TRAS are: the 
damage to the intima caused by application of vascular clamps, the healing of which would 
result in stenosis, the degree of stenosis depending on the degree of initial intimal damage.  

Torsion of the allograft at the time of final placement [11] at the time of closure of the incision 
can lead to kinking that can cause turbulent flow and simulate TRAS [1]. In cases where the 
renal artery is longer than the vein, kinking and knuckling of the artery is unavoidable because 
the vein is shorter and prevents a smooth contour. This is especially true in deceased donor 
right kidney allograft that is without the contiguous inferior vena cava needed for renal vein 
augmentation to match the length of the right renal artery [11]. This problem is compounded if 
the renal artery has early bifurcation and cannot be shortened to match the vein because 
multiple arterial anastomoses would then be required (Fig 1). 

 
Figure 1. Early bifurcation of the right renal artery . One stump of the renal artery is possible only when 
it is divided proximal to its bifurcation (short arrow) , rendering it twice the length of the vein (long 
arrow) that can cause kinking. 
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Another aspect of technique involves damage to the renal artery at the time of allograft 
recovery. Rough handling and stretching of the artery can result in intimal injury and 
dissection, and arteries always need to be handled with great care because success of the entire 
transplant depends on this arterial inflow. TRAS is allegedly more common in deceased donor 
transplantation, because  of an inherent longer cold ischemia associated with the procedure[12], 
and not intimal injury. The reason intimal injury is unlikely is because the cannula used for cold 
perfusion is placed in the aorta, at a distance from the renal arteries, and the renal artery orifices 
remain untouched. Theoretically at least, intimal injury is more likely in live donor allograft 
perfusion because the perfusion cannulae are placed directly within the renal artery lumen and 
have the potential for injury, especially in smaller arteries where an intravenous plastic cannula 
may be required, and the tip of this plastic cannula can injure the intima if care is not exercised.  

2.2. Acute cellular rejection (ACR) 

Wong et al found a significantly higher incidence of ACR in their TRAS group compared to 
controls (0.67 vs 0.35 episodes per patient) with significantly poorer patient and graft survival 
[7]. Acute rejection was also found to occur more frequently in patients with TRAS (48%) 
compared to the non TRAS group (27%), although the difference was insignificant [9]. In 
another paper, 7 of 17 patients with acute rejection also developed TRAS [12]. We also 
reported our only case of TRAS in a deceased donor recipient, who presented with worsening 
of hypertension and graft dysfunction, 4 weeks after an episode of ACR [15]. Perfusion injury 
to the renal artery in this donor was unlikely because the perfusion cannula was placed in the 
aorta, at a distance from the origin of the renal arteries. Twenty percent of pediatric enbloc and 
7% of adult transplants developed TRAS in a study from Spain but the authors found no 
association between ACR and TRAS in their cohort of 367 pediatric enbloc and adult single 
kidney transplants over a 13-year period. Interestingly, they found nearly 46% of TRAS lesions 
proximal to the anastomosis resulting from recipient atherosclerosis [16]. The hypothesis that 
immune mediated intimal injury was the major factor in the development of TRAS [7] has 
never been proven and there is no strong definitive evidence that acute rejection causes TRAS. 
There appears to be only is a weak association or perhaps a coincidental finding.   

2.3. CMV infection   

Pouria et al found CMV infection significantly more in patients with TRAS than controls (36 
vs 12) and claim that CMV contributes to the development of a stenosis [8]. In another 
paper, the same group reported an increased incidence of ACR in their TRAS cases but deny 
the CMV association with steroid therapy for ACR [7]. Their hypothesis is that CMV 
induced arterial injury in immune suppressed patients is via local infection and the 
mitogenic actions of viral gene products within the arterial wall [8]. It is hypothesized that 
healing that follows this intimal damage causes fibrosis and leads to stenosis of the artery. 
CMV was also associated with TRAS in a French study, and in their multivariate analysis, 
only CMV and delayed graft function were significantly and independently associated with 
TRAS and poor long term outcome [9].  



 
Current Concepts in Kidney Transplantation 260 

2. Etiology 

There are 3 main lesions seen in TRAS: the common variety is at or close to the anastomosis, 
another is a localized lesion, which can be proximal or distal to the anastomosis and lastly, 
diffuse or multiple stenoses.  

2.1. Surgical technique and perfusion 

The early presentation of TRAS is suggestive of a technical reason, late presentations 
especially after many years suggests progression of recipient atherosclerosis. The most 
common cause of stenosis is related to poor technique and usually located at the site of 
anastomosis, especially in end to end anastomoses [8, 12] when arteries with unequal 
diameters are approximated. Other technical reasons that may result in TRAS are: the 
damage to the intima caused by application of vascular clamps, the healing of which would 
result in stenosis, the degree of stenosis depending on the degree of initial intimal damage.  

Torsion of the allograft at the time of final placement [11] at the time of closure of the incision 
can lead to kinking that can cause turbulent flow and simulate TRAS [1]. In cases where the 
renal artery is longer than the vein, kinking and knuckling of the artery is unavoidable because 
the vein is shorter and prevents a smooth contour. This is especially true in deceased donor 
right kidney allograft that is without the contiguous inferior vena cava needed for renal vein 
augmentation to match the length of the right renal artery [11]. This problem is compounded if 
the renal artery has early bifurcation and cannot be shortened to match the vein because 
multiple arterial anastomoses would then be required (Fig 1). 

 
Figure 1. Early bifurcation of the right renal artery . One stump of the renal artery is possible only when 
it is divided proximal to its bifurcation (short arrow) , rendering it twice the length of the vein (long 
arrow) that can cause kinking. 

 
Transplant Renal Artery Stenosis 261 

Another aspect of technique involves damage to the renal artery at the time of allograft 
recovery. Rough handling and stretching of the artery can result in intimal injury and 
dissection, and arteries always need to be handled with great care because success of the entire 
transplant depends on this arterial inflow. TRAS is allegedly more common in deceased donor 
transplantation, because  of an inherent longer cold ischemia associated with the procedure[12], 
and not intimal injury. The reason intimal injury is unlikely is because the cannula used for cold 
perfusion is placed in the aorta, at a distance from the renal arteries, and the renal artery orifices 
remain untouched. Theoretically at least, intimal injury is more likely in live donor allograft 
perfusion because the perfusion cannulae are placed directly within the renal artery lumen and 
have the potential for injury, especially in smaller arteries where an intravenous plastic cannula 
may be required, and the tip of this plastic cannula can injure the intima if care is not exercised.  

2.2. Acute cellular rejection (ACR) 

Wong et al found a significantly higher incidence of ACR in their TRAS group compared to 
controls (0.67 vs 0.35 episodes per patient) with significantly poorer patient and graft survival 
[7]. Acute rejection was also found to occur more frequently in patients with TRAS (48%) 
compared to the non TRAS group (27%), although the difference was insignificant [9]. In 
another paper, 7 of 17 patients with acute rejection also developed TRAS [12]. We also 
reported our only case of TRAS in a deceased donor recipient, who presented with worsening 
of hypertension and graft dysfunction, 4 weeks after an episode of ACR [15]. Perfusion injury 
to the renal artery in this donor was unlikely because the perfusion cannula was placed in the 
aorta, at a distance from the origin of the renal arteries. Twenty percent of pediatric enbloc and 
7% of adult transplants developed TRAS in a study from Spain but the authors found no 
association between ACR and TRAS in their cohort of 367 pediatric enbloc and adult single 
kidney transplants over a 13-year period. Interestingly, they found nearly 46% of TRAS lesions 
proximal to the anastomosis resulting from recipient atherosclerosis [16]. The hypothesis that 
immune mediated intimal injury was the major factor in the development of TRAS [7] has 
never been proven and there is no strong definitive evidence that acute rejection causes TRAS. 
There appears to be only is a weak association or perhaps a coincidental finding.   

2.3. CMV infection   

Pouria et al found CMV infection significantly more in patients with TRAS than controls (36 
vs 12) and claim that CMV contributes to the development of a stenosis [8]. In another 
paper, the same group reported an increased incidence of ACR in their TRAS cases but deny 
the CMV association with steroid therapy for ACR [7]. Their hypothesis is that CMV 
induced arterial injury in immune suppressed patients is via local infection and the 
mitogenic actions of viral gene products within the arterial wall [8]. It is hypothesized that 
healing that follows this intimal damage causes fibrosis and leads to stenosis of the artery. 
CMV was also associated with TRAS in a French study, and in their multivariate analysis, 
only CMV and delayed graft function were significantly and independently associated with 
TRAS and poor long term outcome [9].  



 
Current Concepts in Kidney Transplantation 262 

2.4. Progression of recipient atherosclerosis 

As more older and diabetic patients become kidney recipients, there is increased risk of 
peripheral vascular disease and reduced blood flow to the lower limb. These are patients 
who should be examined for a bruit because of proximal stenoses in the common iliac artery 
or the aorta. In a Spanish study, Marques et al found 46% of stenoses were caused by 
recipient atherosclerosis that caused symptoms of TRAS and these stenotic lesions were 
proximal to the anastomoses [16]. These lesions can limit arterial flow to the allograft and 
behave like TRAS (pseudo TRAS) and may simultaneously also have signs and symptoms of 
lower limb ischemia [17, 18]. Progression of atherosclerosis in these cases can result in 
stenosis, either at the anastomosis or more diffusely. Stenoses that cause symptoms later or 
many years after transplant is suggestive of recipient atherosclerotic disease that may 
involve either the renal artery, or more proximally, the external iliac, common iliac or the 
infrarenal aorta.  

2.5. Calcineurin toxicity  

Nodular hyaline deposits in the media of afferent arterioles (arteriolar hyalinosis) are 
commonly considered irreversible changes, and also regarded as a hallmark of CNI 
nephrotoxicity. These are characterized by the replacement of necrotic smooth muscle cells 
by focal or circular lumpy protein (hyaline) deposits at the periphery of the wall of afferent 
arterioles. Eventually, these nodular hyaline deposits become sufficiently large to cause 
narrowing of the vascular lumen resulting in stenosis that can cause hypoperfusion, 
ischemia and TRAS like symptoms [19]. 

3. Pathogenesis  

The most common site for a TRAS lesion is close to the arterial anastomosis, but these may 
also be located at a distance from it. The number of stenoses depends on the etiology, they 
can be single or several, affecting different sites along the artery which is suggestive of 
varied times and causes or it may uniformly involve the whole vessel. The anastomotic 
stenosis are generally related to technique, may also be related to trauma to arteries during 
recovery of the allograft or the application of clamps at the time of anastomosis. Poor 
surgical technique can also result in narrowing of the neo ostium especially when end to 
end union is attempted, especially where there is disparity in the diameter of opposing 
lumens. These would present early after surgery because the reason is mechanical [6].  

Intimal injury caused by rough handling and stretching of the artery can be either small 
intimal flaps or dissections that would heal as a scar or hyperplasia, resulting in narrowing. 
Late stenoses, those which present several years after transplantation are suggestive of 
progression of atherosclerosis and can involve the allograft artery or its proximal inflow [5]. 
Diffuse stenoses discovered late can be the result of immune mediated endothelial damage 
because the histology resembles vascular rejection. There is no clear evidence that rejection 
is the primary insult that over time results in a stenotic lesion.  
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Prolonged cold ischemia in deceased donor transplantation may cause arterial injury that 
heals with fibrosis and causes narrowing, TRAS is less common in live donor 
transplantation because the cold ischemia is much shorter. 

Mechanical narrowing of the renal artery by kinking produces the same effect as a stenosis 
by reducing inflow and causing ischemia. This is observed when the artery is longer than 
the vein, usually in right kidneys. In right kidneys from deceased donors, the absence of a 
contiguous inferior vena cava prevents augmentation of the vein to match the longer renal 
artery and causes kinking if the discrepancy is not corrected. The kinking may be difficult to 
correct without further surgery, it is thus imperative that attention be paid to any 
discrepancy in vascular lengths. 

4. Pathophysiology     

Hypertension caused by TRAS is the clinical equivalent of the experiments carried out by 
Goldblatt in the 1930s [18]. He took the approach of experimentally compromising renal 
arterial blood flow by placing a clamp on the main renal artery. He got the idea from 
pathologists that intrarenal sclerosis of arteries and arterioles were commonly found at 
autopsy in patients dying with hypertension. Recognizing that no experimental procedure 
existed for creating the vascular pathology seen in human hypertensive kidneys, he 
reasoned that if impaired renal blood flow was the fundamental cause, this could be 
mimicked by constricting the main renal artery. 

Silver clips were set for varying degrees of constriction and placed on the renal artery of 
dogs. Goldblatt observed that minimal occlusion of the main renal artery was sufficient to 
induce a rise in blood pressure within 24 to 72 hours. In control experiments constriction of 
the splenic or femoral arteries did not result in elevated blood pressure. Once hypertension 
was established, removal of the clip resulted in return of blood pressure to normal levels, a 
finding suggesting that the ischemic kidney maintained the elevated blood pressure. In 
some experiments, instead of removing the clip, the clipped kidney was removed. This 
resulted in a return of blood pressure to normal levels. Subsequently placing a clip on the 
main renal artery of the remaining kidney resulted in reelevation of blood pressure. In 
Goldblatt's early studies, hypertension in most animals lasted from 4 to 6 weeks and then 
blood pressures returned to normal levels, even though the clamps were still in place. 
Goldblatt noticed that the return to normal blood pressure was associated with conspicuous 
development of collateral arterial circulation to the kidney, particularly through the renal 
capsule. In subsequent experiments he decapsulated the kidney and enclosed it in a 
membrane to prevent revascularization. When the renal artery of such animals was 
constricted, hypertension occurred and persisted.  

Goldblatts one kidney, one clip (1K1C) model is where a clip is applied to one renal artery 
and the contralateral kidney is removed. The transplanted kidney, unlike the clipped kidney 
is denervated and ischemia fails to elicit sympathetic activation. In the ischemic 1K1C 
model, this single kidney responds with activation of renin angiotensin system, sodium 
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Prolonged cold ischemia in deceased donor transplantation may cause arterial injury that 
heals with fibrosis and causes narrowing, TRAS is less common in live donor 
transplantation because the cold ischemia is much shorter. 

Mechanical narrowing of the renal artery by kinking produces the same effect as a stenosis 
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contiguous inferior vena cava prevents augmentation of the vein to match the longer renal 
artery and causes kinking if the discrepancy is not corrected. The kinking may be difficult to 
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discrepancy in vascular lengths. 

4. Pathophysiology     

Hypertension caused by TRAS is the clinical equivalent of the experiments carried out by 
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arterial blood flow by placing a clamp on the main renal artery. He got the idea from 
pathologists that intrarenal sclerosis of arteries and arterioles were commonly found at 
autopsy in patients dying with hypertension. Recognizing that no experimental procedure 
existed for creating the vascular pathology seen in human hypertensive kidneys, he 
reasoned that if impaired renal blood flow was the fundamental cause, this could be 
mimicked by constricting the main renal artery. 

Silver clips were set for varying degrees of constriction and placed on the renal artery of 
dogs. Goldblatt observed that minimal occlusion of the main renal artery was sufficient to 
induce a rise in blood pressure within 24 to 72 hours. In control experiments constriction of 
the splenic or femoral arteries did not result in elevated blood pressure. Once hypertension 
was established, removal of the clip resulted in return of blood pressure to normal levels, a 
finding suggesting that the ischemic kidney maintained the elevated blood pressure. In 
some experiments, instead of removing the clip, the clipped kidney was removed. This 
resulted in a return of blood pressure to normal levels. Subsequently placing a clip on the 
main renal artery of the remaining kidney resulted in reelevation of blood pressure. In 
Goldblatt's early studies, hypertension in most animals lasted from 4 to 6 weeks and then 
blood pressures returned to normal levels, even though the clamps were still in place. 
Goldblatt noticed that the return to normal blood pressure was associated with conspicuous 
development of collateral arterial circulation to the kidney, particularly through the renal 
capsule. In subsequent experiments he decapsulated the kidney and enclosed it in a 
membrane to prevent revascularization. When the renal artery of such animals was 
constricted, hypertension occurred and persisted.  

Goldblatts one kidney, one clip (1K1C) model is where a clip is applied to one renal artery 
and the contralateral kidney is removed. The transplanted kidney, unlike the clipped kidney 
is denervated and ischemia fails to elicit sympathetic activation. In the ischemic 1K1C 
model, this single kidney responds with activation of renin angiotensin system, sodium 
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retention and increase in the extracelluar volume. The increased volume improves renal 
perfusion which inhibits the RAS. In this new milieu, hypertension is sustained by the 
expanded volume and renin levels remain normal or low. 

In animal experiments, a decrease in kidney perfusion is observed only after the renal artery 
lumen is narrowed by more than 50% [20]. Similar findings are reported in humans during 
angiography, the renal vascular resistance increases to levels which impair perfusion only 
after arterial lumen is narrowed by 50% [21]. When the renal perfusion pressure drops by at 
least 15mmHg as a result of TRAS, severe hypertension and renal failure ensue, becoming 
irreversible if left untreated. 

Glomerular filtration rate (GFR) is generally not affected, even though the perfusion 
pressure is low because intracapillary pressure is sustained by increasing the 
postglomerular resistance which increases the filtration fraction. There is a critical period 
during which revascularization can be successful, however, if the ischemia becomes chronic, 
restoring renal blood flow at this time usually will not result in improvement because of the 
chronic changes. When revascularization is performed before these changes, the 
postglomerular resistance is reduced with prompt diuresis and improvement in 
hypertension [22]. This has clinical implications, because prolonged renal ischemia causes 
irreversible changes, every effort must be made to restore kidney perfusion in a timely 
manner after diagnosis to prevent such permanent damage and renal failure. An indication 
of these permanent changes may be reflected by the intrarenal resistive indices (RIs) on 
DUS, and RIs over 0.8 reflect such structural changes that will prevent any functional 
recovery following revascularization. A clinical study was undertaken in transplant 
recipients by Radermacher et al to assess whether RIs over 0.8 reflected structural changes 
and predicted early graft loss and death [23]. They showed that significantly more patients 
with RIs over 0.8 had lower creatinine clearance, required dialysis and died, than patients 
with RIs less than 0.8 (P<0.001 for all comparisons) . This effectively means that if any 
transplant recipient with TRAS has RIs over 0.8, the chances of revascularization are not 
enough to warrant invasive treatment. Initially in TRAS, the intrarenal RIs are less than 0.55, 
however, if untreated, the associated hypertension results in arteriolosclerosis, fibrosis and 
kidney atrophy with an increase in RIs. Presence of RIs between 0.55 and 0.8 suggests that 
permanent structural changes have not occurred and that revascularization can be 
successful.  

5. Clinical presentation  

Worsening or de novo hypertension is the usual initial presentation, in some cases, there 
may be an increased requirement of anti hypertensive medication. Renal hypoperfusion 
activates the renin angiotensin system (RAS) with resulting fluid retention, which with 
hypertension can cause edema, congestive cardiac failure or recurrent pulmonary edema. 
Patients can also remain asymptomatic except for hypertension. Injudicious diuretic therapy 
or addition of angiotensin converting enzyme inhibitors or angiotensin receptor blockers to 
the anti hypertensive regime can cause acute deterioration in renal function or renal failure. 
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A bruit may be heard over the graft in some cases, although not specific for TRAS because 
the stenosis can involve any artery proximal to the anastomosis. Renal dysfunction in the 
absence of rejection, ureteric obstruction and infection is not observed until a critical stenosis 
is reached, and there is much debate about this critical degree of stenosis or when does a 
stenosis become ‘significant’.  Objectively, stenosis of the transplant renal artery only 
achieves significance once there is evidence of renal impairment, because it indicates a level 
of renal hypoperfusion or ischemia that is unable to sustain adequate renal function.  

6. Differential diagnosis 

Any condition that causes hypertension and graft dysfunction must be included in the list of 
differential diagnosis. During the early period following transplantation, calcineurin 
inhibitor (CNI) levels are highest, and toxicity can induce reversible hemodynamic changes 
that mimic those observed in TRAS. This is the result of an increase in resistance at the site 
of afferent arteriole that causes glomerular hypoperfusion, increased FF, sodium and water 
retention and hypertension. Chronic CNI toxicity will produce irreversible vascular changes 
with graft failure [24]. TRAS must be differentiated from proximal aortic or iliac stenosis 
associated with recipient atherosclerosis, that may have progressed as a consequence of 
treatment with CNIs and steroids. In these cases, a bruit may be audible below the 
umbilicus. Other considerations are hypertension as a result of native atrophic kidneys and 
as a consequence of chronic rejection. 

6.1. Diagnosis – Laboratory tests 

Plasma renin. Lower levels may be observed in TRAS because the fluid retention and 
volume expansion that causes hypertension may not fully activate the RAS. 

Increased levels may be secondary to diuretic therapy or in some cases of acute rejection. 

Serum potassium may be elevated with high CNI levels. 

6.2. Isotope scanning   

Isotope renal scanning had good sensitivity (75%) but the poor specificity (67%) made it 
unpopular [25]. Scintigraphy using Captopril [26] was useful in evaluating segmental 
arteries but Losartan scintigraphy [27] was considered an improvement, but is rarely used 
now.  

6.3. DUS  

This is an excellent modality for diagnosis and follow-up for TRAS. Its many advantages are 
that it is non-invasive, inexpensive, has good sensitivity (87-94%) and specificity (86-100%), 
can be performed at the bedside, can evaluate hemodynamic significance, grading and 
localization of stenoses and assess revascularization. The information derived from this 
depends heavily on the experience and skill of the person operating the machine. Two types of 



 
Current Concepts in Kidney Transplantation 264 

retention and increase in the extracelluar volume. The increased volume improves renal 
perfusion which inhibits the RAS. In this new milieu, hypertension is sustained by the 
expanded volume and renin levels remain normal or low. 

In animal experiments, a decrease in kidney perfusion is observed only after the renal artery 
lumen is narrowed by more than 50% [20]. Similar findings are reported in humans during 
angiography, the renal vascular resistance increases to levels which impair perfusion only 
after arterial lumen is narrowed by 50% [21]. When the renal perfusion pressure drops by at 
least 15mmHg as a result of TRAS, severe hypertension and renal failure ensue, becoming 
irreversible if left untreated. 

Glomerular filtration rate (GFR) is generally not affected, even though the perfusion 
pressure is low because intracapillary pressure is sustained by increasing the 
postglomerular resistance which increases the filtration fraction. There is a critical period 
during which revascularization can be successful, however, if the ischemia becomes chronic, 
restoring renal blood flow at this time usually will not result in improvement because of the 
chronic changes. When revascularization is performed before these changes, the 
postglomerular resistance is reduced with prompt diuresis and improvement in 
hypertension [22]. This has clinical implications, because prolonged renal ischemia causes 
irreversible changes, every effort must be made to restore kidney perfusion in a timely 
manner after diagnosis to prevent such permanent damage and renal failure. An indication 
of these permanent changes may be reflected by the intrarenal resistive indices (RIs) on 
DUS, and RIs over 0.8 reflect such structural changes that will prevent any functional 
recovery following revascularization. A clinical study was undertaken in transplant 
recipients by Radermacher et al to assess whether RIs over 0.8 reflected structural changes 
and predicted early graft loss and death [23]. They showed that significantly more patients 
with RIs over 0.8 had lower creatinine clearance, required dialysis and died, than patients 
with RIs less than 0.8 (P<0.001 for all comparisons) . This effectively means that if any 
transplant recipient with TRAS has RIs over 0.8, the chances of revascularization are not 
enough to warrant invasive treatment. Initially in TRAS, the intrarenal RIs are less than 0.55, 
however, if untreated, the associated hypertension results in arteriolosclerosis, fibrosis and 
kidney atrophy with an increase in RIs. Presence of RIs between 0.55 and 0.8 suggests that 
permanent structural changes have not occurred and that revascularization can be 
successful.  

5. Clinical presentation  

Worsening or de novo hypertension is the usual initial presentation, in some cases, there 
may be an increased requirement of anti hypertensive medication. Renal hypoperfusion 
activates the renin angiotensin system (RAS) with resulting fluid retention, which with 
hypertension can cause edema, congestive cardiac failure or recurrent pulmonary edema. 
Patients can also remain asymptomatic except for hypertension. Injudicious diuretic therapy 
or addition of angiotensin converting enzyme inhibitors or angiotensin receptor blockers to 
the anti hypertensive regime can cause acute deterioration in renal function or renal failure. 

 
Transplant Renal Artery Stenosis 265 

A bruit may be heard over the graft in some cases, although not specific for TRAS because 
the stenosis can involve any artery proximal to the anastomosis. Renal dysfunction in the 
absence of rejection, ureteric obstruction and infection is not observed until a critical stenosis 
is reached, and there is much debate about this critical degree of stenosis or when does a 
stenosis become ‘significant’.  Objectively, stenosis of the transplant renal artery only 
achieves significance once there is evidence of renal impairment, because it indicates a level 
of renal hypoperfusion or ischemia that is unable to sustain adequate renal function.  

6. Differential diagnosis 

Any condition that causes hypertension and graft dysfunction must be included in the list of 
differential diagnosis. During the early period following transplantation, calcineurin 
inhibitor (CNI) levels are highest, and toxicity can induce reversible hemodynamic changes 
that mimic those observed in TRAS. This is the result of an increase in resistance at the site 
of afferent arteriole that causes glomerular hypoperfusion, increased FF, sodium and water 
retention and hypertension. Chronic CNI toxicity will produce irreversible vascular changes 
with graft failure [24]. TRAS must be differentiated from proximal aortic or iliac stenosis 
associated with recipient atherosclerosis, that may have progressed as a consequence of 
treatment with CNIs and steroids. In these cases, a bruit may be audible below the 
umbilicus. Other considerations are hypertension as a result of native atrophic kidneys and 
as a consequence of chronic rejection. 

6.1. Diagnosis – Laboratory tests 

Plasma renin. Lower levels may be observed in TRAS because the fluid retention and 
volume expansion that causes hypertension may not fully activate the RAS. 

Increased levels may be secondary to diuretic therapy or in some cases of acute rejection. 

Serum potassium may be elevated with high CNI levels. 

6.2. Isotope scanning   

Isotope renal scanning had good sensitivity (75%) but the poor specificity (67%) made it 
unpopular [25]. Scintigraphy using Captopril [26] was useful in evaluating segmental 
arteries but Losartan scintigraphy [27] was considered an improvement, but is rarely used 
now.  

6.3. DUS  

This is an excellent modality for diagnosis and follow-up for TRAS. Its many advantages are 
that it is non-invasive, inexpensive, has good sensitivity (87-94%) and specificity (86-100%), 
can be performed at the bedside, can evaluate hemodynamic significance, grading and 
localization of stenoses and assess revascularization. The information derived from this 
depends heavily on the experience and skill of the person operating the machine. Two types of 



 
Current Concepts in Kidney Transplantation 266 

data are necessary for evaluation of a stenosis, the peak systolic velocity (PSV) at the site of 
stenosis, and the intra renal RIs. At times, PSV may not be obtainable by DUS but scans carried 
out during microbubble infusion can quantify total and regional renal blood flow [28]. 

6.4. Extra renal doppler   

This is a scan of the renal artery from the anastomosis to the hilum of the kidney and PSV is 
measured along its entire course. At the site of a stenosis, there is an increase in PSV of >2m/sec. 
The advantages are a high accuracy in ascertaining the severity of stenosis with the ability to 
localize the site of stenosis. The main disadvantage is that it is operator dependent, it is also time 
consuming because it requires an angle of interrogation parallel to the course of the artery. 

6.5. Intra renal doppler  

This analyzes the Doppler signal in the intrarenal arteries distal to the stenosis. The normal 
intrarenal spectral waveform has a sharp systolic rise, a gradual reduction in velocity of 
flow in late systole, and, low velocity forward flow throughout diastole (Fig 2).  

 
Figure 2. Normal intrarenal waveform, note the sharp systolic upstroke (red arrow), a gradual 
reduction in velocity and low velocity flow during diastole (yellow arrow).  

The parvus tardus waveform is considered diagnostic of a proximal stenosis, and is a small 
amplitude waveform with a prolonged systolic rise or prolongation of the acceleration time 
(Fig 3) [29]. 

 
Figure 3. Intrarenal parvus tardus waveform, note the low amplitude and slow systolic rise waveform 
(yellow arrow) with RI of 0.49.  
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Figure 4. Post revascularization intrarenal Doppler. Normal waveform is seen confirming successful 
restoration of blood flow. 

It must be remembered that this waveform can be produced by a stenosis at any point 
proximal to the artery studied. This Doppler scan is not as operator dependent as the extra 
renal Doppler and also cannot localize the site of stenosis. 

In cases of TRAS, RIs in the intrarenal arteries are reduced because it is distal to the stenosis 
and subject to reduced blood flow. An RI of <0.55 is considered diagnostic of TRAS 
alongwith the parvus tardus waveform, both reflecting reduced blood flow [30]. 

6.6. Spiral computerized tomography  

Provides three- dimensional imaging of the vascular anatomy and the images are superior 
to conventional angiography. It requires less contrast medium and does not require arterial 
access. Unlike angiography, it cannot be used for angioplasty.  

6.7. MRA 

This imaging modality has a sensitivity of 67-100% and specificity of 75-100%, but is 
expensive with limited availability. There is no radiation involved and the contrast used in 
not nephrotoxic [31].    

6.8. Angiography 

This is the gold standard for diagnosis of TRAS and provides a road map that is helpful in 
planning treatment. Besides confirming the diagnosis and localizing the site of stenosis, it 
provides immediate access for PTA and placement of a stent and the outcome can be 
confirmed right away with another angiography (Fig 4, 5). Carbon dioxide can be used as 
negative contrast in cases with renal impairment to provide images comparable to standard 
angiography [32]. 
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Figure 5.  (a)Angiography showing allograft renal artery stenosis (arrowhead) away from site of 
anastomosis (arrow). (b)Post stenting angiography showing the stent in place (arrow).  

7. Treatment  

7.1. Conservative treatment 

This is indicated when renal function is at baseline values and intrarenal RIs are >0.55 on 
Doppler. This suggests that renal blood flow is adequate and the stenosis is not 
hemodynamically significant. In such patients, the treatment of hypertension should include 
low dose angiotensin converting enzyme inhibitors (ACEi) and serum potassium and 
creatinine checked in 7-10 days. A 30% increase in serum creatinine from the baseline in 
cases of TRAS indicates decreased intravascular volume, low albumin or decreased cardiac 
output. An increase in serum potassium should be treated with exchange resins. Long term 
treatment should be considered if low dose ACEi are tolerated and replaced with longer 
acting agents. This will also help in reducing cardiovascular complications. TRAS should be 
monitored by Doppler at least every 6 months for evidence of progression of the stenosis by 
comparing the new RI and PSV values with previous ones.  

7.2. Angioplasty and stenting      

Before the onset of renal impairment, it can be implied that the amount of blood flow 
possible through the stenosis is enough to maintain normal renal function. When the 
stenosis becomes hemodynamically significant with evidence of renal hypoperfusion, an 
angiogram should be carried out to confirm the diagnosis, followed by an angioplasty to 
dilate the stenosis and stenting, an option that is gaining popularity. PTA is the preferred 
initial mode of therapy for TRAS. It is minimally invasive and safe with a reported success 
rate of 70-90% [33]. The variable success rate for PTA may be related to the location and 
length of the stenosis, and the best results have been reported when the lesions are short, 
linear and not at the site of anastomosis [1]. When used in anastomotic lesions, PTA alone 
has a low success rate with an increased risk of complications, but better results are reported 
when PTA is combined with stenting [34]. In cases where the artery is kinked, PTA is 
ineffective because the kink is related to the disparity in length of artery and vein and the 
kink will return once the balloon is withdrawn. After PTA alone, the short term recurrence 
rate of up to 30% is a major disadvantage, this risk of recurrence can however be 
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significantly reduced when PTA and stenting are carried out during the same procedure 
[35]. The low recurrence rates with primary stenting has prompted radiologists to consider 
stenting during the first PTA. Hung Su reported on 9 cases of TRAS treated with primary 
stenting after PTA without any evidence of any recurrence after a 4 year follow-up [13]. A 
novel development to reduce stent occlusion was the introduction of stents that release 
agents like rapamycin and enoxaparin locally to inhibit intimal hyperplasia [36].    

8. Surgery  

Indications for surgery include stenoses at the anastomotic site, kinks, severe stenosis 
inaccessible to PTA, failed PTA and recurrent lesions. Access to the renal arteries can be 
technically challenging because of scar tissue and adhesions, and serious complications can 
develop, including graft loss [6]. The success and minimal invasiveness of PTA and stenting 
has relegated surgery to the position of a salvage procedure when no other options are 
available. Surgical reconstruction of the transplant renal artery using preserved, blood type-
matched, cadaveric donor iliac artery grafts appears promising.  In a study from Wisconsin, 
patients treated with surgical reconstruction, hemodynamically significant TRAS lesions 
were noted at or within 1 to 2 mm of the anastomosis in 13 patients, in the middle of the 
renal artery in 4, and secondary to a kink in 2 patients. Surgical treatment was undertaken in 
seven patients following unsuccessful PTA. Two patients also had aneurysms of the iliac 
artery. Reconstruction using cadaveric iliac artery was successful in 19 of 21 (90%) patients, 
and only 1 these patients (4.8%) failed due to recurrence, with a median follow-up of 42 
months. Graft loss secondary to TRAS occurred in only two patients. The authors claim not 
to have seen any long-term complications related to cadaveric iliac artery grafts [37].  

9. Defining significant stenosis 

After being diagnosed with TRAS on DUS, it is important to know which patients need 
regular monitoring and which patients require an angiogram and treatment?  The lack of 
such a definition of significant TRAS needs to be addressed and should include both 
refractory hypertension and importantly, graft dysfunction (in the absence of rejection, 
obstruction and infection). If TRAS is causing significant ischemia and hypoperfusion, it 
should cause graft dysfunction. Calculating the degree of stenosis as a percentage is 
subjective and prone to inaccuracies and reminiscent of the classification of Mirizzi 
syndrome that was based on the percentage of bile duct diameter affected by stenosis [38]. 
The increased availability of DUS has increased the diagnosis of TRAS by 12.4% but by only 
2.4% in patients already suspected of having TRAS based on the presence of refractory 
hypertension and renal impairment, highlighting the importance of clinical diagnosis [7]. 
This increase in suspected cases include those in whom the stenosis is not significant, 
because their renal function is normal and need only regular monitoring and follow-up like 
all transplant recipients. The question that needs an answer is, would an angiogram be 
carried out on a recipient with refractory hypertension or Doppler findings of TRAS without 
graft dysfunction? The advent of renal impairment on top of refractory hypertension 
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indicates that the present renal blood flow is not enough to maintain normal renal function 
and should be labeled as significant. When this point is reached, serious consideration 
should be given to invasive diagnosis and appropriate treatment. We feel that graft 
dysfunction should be considered mandatory for the diagnosis of TRAS.  

An interesting issue not discussed in the literature is regarding the other effects of ischemia 
resulting from TRAS?  This ischemia, we feel, is the crux of the matter, greater the 
hypoperfusion, less the blood flow to the kidney. The only proximal blood supply of the 
ureter is derived from the renal artery in the hilum, which is usually distal to the TRAS 
lesion. It can be hypothesized that this ischemia will affect that part of the ureter that is 
furthest from the hilum. It is somewhat surprising that no downstream complications 
(appropriately termed) of allograft ischemia have been reported except from our center [14]. 

10. Conclusions    

Worsening hypertension is suggestive of TRAS, significant stenosis and ischemia result in 
graft dysfunction. Early diagnosis is crucial because prompt treatment can restore perfusion, 
prevent graft loss and cardiovascular complications. DUS is easily available and is accurate, 
with documentation of PSVs, RIs and parvus tardus waveforms. It can confirm 
revascularization and monitor renal perfusion as part of follow-up. PTA and primary 
stenting remain the treatment of choice, while the failures and recurrences can be treated 
surgically. Incidence of long standing TRAS must be reduced because it causes irreversible 
structural changes reflected by intrarenal RIs of >0.8, when successful revascularization is 
unlikely.  
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10. Conclusions    

Worsening hypertension is suggestive of TRAS, significant stenosis and ischemia result in 
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1. Introduction 

1.1. Historical overview 

Since it was first described in the 1990s, conventional laparoscopic donor nephrectomy has 
been the standard of care at most major transplant centers. Clayman et al. described the first 
successful conventional laparoscopic nephrectomy in 1991 for intrinsic renal disease [1]. 
Several years later, a conventional laparoscopic donor nephrectomy procedure was 
successfully performed in a large animal model [2], while Ratner and colleagues described 
the first successful conventional laparoscopic live donor nephrectomy one year later [3]. 
Donor were discharged home within two days and most returned to work within two weeks 
postoperatively. Moreover, recipient outcomes were significantly better than deceased 
donor allografts. 

Over the next decade following the advent of conventional laparoscopic donor 
nephrectomy, the number of kidney transplants performed in the United States nearly 
doubled. The ability to perform the procedure using the conventional laparoscopic approach 
certainly influenced the willingness of donors to donate [4]. Moreover, the ease of donation 
has lead to more unexpected results, including altruistic donors, innovative protocols for 
ABO incompatibility and positive crossmatches, as well as kidney paired donation [5-7]. 

Laparoendoscopic single site surgery represents the next step in the evolution of 
conventional laparoscopic surgery. It is performed through a single small skin incision, 
often partially concealed at the umbilicus. Recently, several institutions, including our own, 
have reported on this technique for live donor nephrectomy [8-10]. Cosmesis, as well as 
possibly decreased postoperative pain and port-site related complications, are among the 
possible benefits compared to the conventional laparoscopic approach. Recipients have 
experienced similar postoperative results as those receiving allografts using the 
conventional laparoscopic procurement technique [11, 12].  
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1. Introduction 

1.1. Historical overview 

Since it was first described in the 1990s, conventional laparoscopic donor nephrectomy has 
been the standard of care at most major transplant centers. Clayman et al. described the first 
successful conventional laparoscopic nephrectomy in 1991 for intrinsic renal disease [1]. 
Several years later, a conventional laparoscopic donor nephrectomy procedure was 
successfully performed in a large animal model [2], while Ratner and colleagues described 
the first successful conventional laparoscopic live donor nephrectomy one year later [3]. 
Donor were discharged home within two days and most returned to work within two weeks 
postoperatively. Moreover, recipient outcomes were significantly better than deceased 
donor allografts. 

Over the next decade following the advent of conventional laparoscopic donor 
nephrectomy, the number of kidney transplants performed in the United States nearly 
doubled. The ability to perform the procedure using the conventional laparoscopic approach 
certainly influenced the willingness of donors to donate [4]. Moreover, the ease of donation 
has lead to more unexpected results, including altruistic donors, innovative protocols for 
ABO incompatibility and positive crossmatches, as well as kidney paired donation [5-7]. 

Laparoendoscopic single site surgery represents the next step in the evolution of 
conventional laparoscopic surgery. It is performed through a single small skin incision, 
often partially concealed at the umbilicus. Recently, several institutions, including our own, 
have reported on this technique for live donor nephrectomy [8-10]. Cosmesis, as well as 
possibly decreased postoperative pain and port-site related complications, are among the 
possible benefits compared to the conventional laparoscopic approach. Recipients have 
experienced similar postoperative results as those receiving allografts using the 
conventional laparoscopic procurement technique [11, 12].  
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2. Preoperative evaluation 

2.1. Initial evaluation 

All potential donors undergo a complete surgical, medical, and psychological evaluation in 
accordance with the clinical practice guidelines established by the American Society for 
Transplantation and the Consensus Statement on the Live Organ Donor [13, 14]. A 
discussion of the medical work-up is discussed elsewhere in this textbook. After a thorough 
medical and psychological evaluation, the patient is referred to the surgeon for preoperative 
consideration of anatomy and functional status of the donor kidneys. 

2.2. Surgical preoperative considerations 

2.2.1. Anatomy and functionality 

The use of preoperative imaging is a vital component of proper surgical planning. This 
allows determination of potential donor kidney size, function, and anatomy. This allows for 
determination of the safest and most feasible surgical approach. Potential donors typically 
undergo spiral computed tomography (CT) scans with intravenous contrast administration 
with vascular reconstructions to properly assess the renal hilum prior to surgery [15]. 
Magnetic resonance angiography is an alternative to spiral CT for evaluation of potential 
kidneys. Renal scintigraphy usually obtained when there is a >1 cm size discrepancy 
between kidneys. 

2.2.2. Laterality 

Choosing the side of the nephrectomy should be given careful considering. The right kidney 
presents a technical challenge. Procurement of the right kidney using the endoscopic GIA 
stapling device to divide the anatomically shorter right renal vein results in losing anywhere 
from 1 cm to 1.5 cm from the total length [16]. This leads to a relatively short renal vein that 
complicates the recipient procedure and has been associated with acute renal vein 
thrombosis and early graft loss [17]. Short renal vasculature is no longer avoidable given 
surgical innovations. Left kidneys are preferentially chosen if the renal vasculature and 
function are comparable. Multiple left renal arteries or anomalous left renal veins are not 
absolute contraindications to procuring the left kidney [17]. The feasibility of procuring the 
right kidney has been clearly described from hand-assisted laparoscopy to the conventional 
laparoscopic approach to even using the laparoendoscopic single site approach [11, 18, 19]. 

2.2.3. Contraindications 

The contraindications to laparoendoscopic single site surgery are the same as those for any 
laparoscopic abdominal procedure. Certainly, previous abdominal surgery further 
complicates any laparoscopic procedure; it does not confer an absolute contraindication. In 
fact, the rate of conversion of laparoendoscopic single site surgery remains relatively low 
(<5%) as has been our experience [12].  
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3. Operative technique 

3.1. Positioning 

Patients are placed in a modified flank position, and a 5 centimeter vertical periumbilical 
incision is made with the abdominal skin on stretch. After creation of a vertical midline 
anterior rectus fasciotomy, the abdomen is entered. The Gel Point device (Applied Medical, 
Rancho Santa Margarita, CA) as seen in figure 1 with three trocars already in place is 
inserted into the abdomen and pneumoperitoneum is established. Two 5-mm trocars and 
one 15-mm trocar are used. A bariatric 10-mm rigid laparoscope is used through the 15mm 
port with a right angle attachment for the light cord to maximize space for triangulation. 
Standard, non articulating laparoscopic instruments are used in the majority of the 
procedure. For right sided kidneys, a fourth trocar is placed through the Gelpoint device 
and a Diamond-Flex retractor (Genzyme Surgical Products, Tucker, GA) is used for 
exposure after mobilization of the right lobe of the liver by division of the triangular and 
coronary ligaments. 

 
Figure 1. GelportTM device. Three trocars are in place traversing the gel cap. 

3.2. Procurement technique 

3.2.1. Left kidney 

When procuring the left kidney using the laparoendoscopic single site procurement 
technique, the descending colon, pancreas and spleen are mobilized generously en bloc 
without the need for continuous retraction. The ureter and gonadal vein are identified and 
lifted off of the psoas muscle together, maintaining periureteral attachments and dissected 
towards the hilum. The lumbar vein, if present, is divided between titanium clips. The renal 
vein is skeletonized and the adrenal vein is divided between titanium clips, and the adrenal 
gland is released from the upper pole. The renal artery is dissected down to its aortic origin, 
and the interaortocaval region is skeletonized. Lastly, the posterior attachments were 
dissected free from the kidney. A 12-mm trocar replaces one of the 5-mm trocars in 
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3. Operative technique 

3.1. Positioning 

Patients are placed in a modified flank position, and a 5 centimeter vertical periumbilical 
incision is made with the abdominal skin on stretch. After creation of a vertical midline 
anterior rectus fasciotomy, the abdomen is entered. The Gel Point device (Applied Medical, 
Rancho Santa Margarita, CA) as seen in figure 1 with three trocars already in place is 
inserted into the abdomen and pneumoperitoneum is established. Two 5-mm trocars and 
one 15-mm trocar are used. A bariatric 10-mm rigid laparoscope is used through the 15mm 
port with a right angle attachment for the light cord to maximize space for triangulation. 
Standard, non articulating laparoscopic instruments are used in the majority of the 
procedure. For right sided kidneys, a fourth trocar is placed through the Gelpoint device 
and a Diamond-Flex retractor (Genzyme Surgical Products, Tucker, GA) is used for 
exposure after mobilization of the right lobe of the liver by division of the triangular and 
coronary ligaments. 

 
Figure 1. GelportTM device. Three trocars are in place traversing the gel cap. 

3.2. Procurement technique 

3.2.1. Left kidney 

When procuring the left kidney using the laparoendoscopic single site procurement 
technique, the descending colon, pancreas and spleen are mobilized generously en bloc 
without the need for continuous retraction. The ureter and gonadal vein are identified and 
lifted off of the psoas muscle together, maintaining periureteral attachments and dissected 
towards the hilum. The lumbar vein, if present, is divided between titanium clips. The renal 
vein is skeletonized and the adrenal vein is divided between titanium clips, and the adrenal 
gland is released from the upper pole. The renal artery is dissected down to its aortic origin, 
and the interaortocaval region is skeletonized. Lastly, the posterior attachments were 
dissected free from the kidney. A 12-mm trocar replaces one of the 5-mm trocars in 
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anticipation of using the EndoGIA vascular stapling device (United States Surgical, Norwalk 
CT). 

Once the recipient team is ready, the ureter and gonadal vein are divided together at the 
pelvic brim. The renal artery and then vein are divided using the vascular stapling device. 
An Endocatch bag is introduced, and the allograft is gently entrapped and extracted by 
removing the Gel cap. If necessary, the fascial incision is extended 1-2 cm to facilitate 
removal of the graft, taking care to leave the overlying skin intact without further extension 
of the incision. Fascia and skin are closed in the standard fashion after ensuring adequate 
hemostasis. No articulating or specialized laparoscopic instruments are needed and no 
extraumbilical incisions need to be made. The incision is well-concealed in the umbilicus 
using this technique (Figure 2). 

 
Figure 2. Postoperative incision. In this figure, the patient is 8 weeks postoperatively from a 
laparoendoscopic single site left donor nephrectomy. 

3.2.2. Right kidney 

The initial three trocars are placed as described above for left kidneys; however, the right 
kidney procurement technique requires a fourth trocar for retraction of the liver. Using 
mostly one handed dissection, the duodenum is kocherized bluntly to expose the inferior 
vena cava (IVC). The hepatic flexure is gently lifted and the plane between Gerota’s fascia 
and the mesocolon is identified. The colon is bluntly dissected and mobilized in a medial 
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and caudal direction, down to the iliac vasculature. The ureter and gonadal vein are 
identified and lifted off of the psoas muscle together, maintaining periureteral attachments 
and dissected towards the hilum. At this point, a fourth trocar (5mm) is placed through the 
GelportTM device for retraction of the right lobe of the liver (Figure 3). 

 
Figure 3. Port placement for right sided kidney. In this figure, the four trocars are present traversing the 
GelportTM device. 

The renal vein is skeletonized down to the level of the IVC. The renal artery is dissected 
medial to the lateral edge of the IVC to maximize length, and the interaortocaval region is 
skeletonized. The adrenal gland is dissected free from the medial upper pole of the kidney 
using a harmonic scalpel. Lastly, the posterior and lateral attachments are divided. A 12-mm 
trocar replaces one of the 5-mm trocars in anticipation of using the EndoGIA vascular 
stapler (United States Surgical, Norwalk CT).  

Once the recipient team is ready, the ureter is divided at the pelvic brim. The kidney is then 
retracted laterally. Using an EndoGIA vascular stapler, the renal artery is divided first, 
followed by the vein, with the vein being divided flush with the IVC to maximize length. An 
Endocatch bag is introduced, and the allograft is gently entrapped and extracted. 
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The renal vein is skeletonized down to the level of the IVC. The renal artery is dissected 
medial to the lateral edge of the IVC to maximize length, and the interaortocaval region is 
skeletonized. The adrenal gland is dissected free from the medial upper pole of the kidney 
using a harmonic scalpel. Lastly, the posterior and lateral attachments are divided. A 12-mm 
trocar replaces one of the 5-mm trocars in anticipation of using the EndoGIA vascular 
stapler (United States Surgical, Norwalk CT).  

Once the recipient team is ready, the ureter is divided at the pelvic brim. The kidney is then 
retracted laterally. Using an EndoGIA vascular stapler, the renal artery is divided first, 
followed by the vein, with the vein being divided flush with the IVC to maximize length. An 
Endocatch bag is introduced, and the allograft is gently entrapped and extracted. 
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3.2.3. Obese donors 

Obese donors represent a technically more challenging population. The technique mirrors 
that of the normal BMI donors; however there are several important technical aspects to 
consider [20]. First, mobilization of adjacent organs may be more difficult. Given the amount 
of intra-abdominal fat, visualization may be more difficult. As a result, there may be 
increased difficulty in identifying key landmarks. Male donors have additional visceral 
adipose tissue which may make it more difficult to retract [21]. The amount of perirenal fat 
must be taken into consideration when planning safe extraction of the allograft from an 
obese patient to avoid a renal laceration [20]. The incision remains well-concealed, even this 
population (Figure 4A&B). 

 

A. 

 

B. 

Figure 4. Obese versus normal BMI. The images depict donors approximately 2 weeks following 
laparoendoscopic single site donor nephrectomy. Panel A is a non-obese donor and panel B is an obese 
donor. 
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4. Donor considerations 

4.1. Morbidity 

The donor nephrectomy is a unique procedure, as it entails operating on a healthy 
individual, as opposed to surgery for specific disease processes. To justify the procedure, the 
potential complications must be minimized as donor safety should be the priority. 

Initial studies evaluating donor safety compared the open to the conventional laparoscopic 
approach. Various studies and reviews have demonstrated a complication rate ranging from 
0% to 38% using the open procurement approach and 0% to 30% with the conventional 
laparoscopic approach [22, 23]. More recent studies have reported complications of less than 
10% in conventional laparoscopic donor nephrectomy [24, 25]. In a single surgeon series of 
750 laparoscopic donor nephrectomies, Harper et al. used the modified Clavien-Dindo 
system and reported an overall complication rate of 5.5% [24]. The majority of complications 
were classified as minor, with most (66%) being grade 1. Moreover, there were only four 
cases converted to an open procedure (0.4%). These values are similar to our experience as 
our complication rate for conventional laparoscopic donor nephrectomy was approximately 
7%. Moreover, only one patient in that cohort required conversion to an open procedure 
(0.15%) [25]. 

Given the relatively novel nature of the laparoendoscopic single site procurement technique, 
donor morbidity must remain minimal. We reported a similar complication rate 
(approximately 7%) large series of laparoendoscopic single site donor nephrectomies, 
comparable to our conventional laparoscopic procurement technique [12, 25]. Other smaller, 
single center series have demonstrated similar outcomes comparing laparoendoscopic single 
site donor nephrectomies to conventional laparoscopic donor nephrectomies [26, 27]. Kurien 
and colleagues reported the first randomized controlled trial of 50 patients comparing 
conventional laparoscopic donor nephrectomies versus laparoendoscopic single-site donor 
nephrectomies [28]. They reported an intraoperative and postoperative complication rate of 
16% in the laparoendoscopic single-site donor group, which was similar to the conventional 
laparoscopic donor nephrectomy group. 

Certain complications are more specific to the laterality of the donor kidney. For example, in 
right sided donors, liver lacerations and injuries to the retro-aortic renal arteries are more 
common. On the other hand, intraoperative complications related to splenic lacerations 
during mobilization of the splenic flexure of the colon or injuries to the supra-adrenal 
branches of the left renal vein are more common in left sided donors [29]. 

4.2. Technical considerations 

The use of laparoendoscopic single site surgery in living donor kidney procurement offers a 
new set of challenges to the laparoscopic surgeon. Technical limitations including a reduced 
working space and lack of instrument triangulation make it a technically challenging 
procedure. These limitations are more pronounced in the obese patient, where difficulties in 
exposure and visualization already exist, including additional visceral adipose tissue that is 
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4.2. Technical considerations 

The use of laparoendoscopic single site surgery in living donor kidney procurement offers a 
new set of challenges to the laparoscopic surgeon. Technical limitations including a reduced 
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exposure and visualization already exist, including additional visceral adipose tissue that is 
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more difficult to retract. Overweight male donors were even found to have higher rates of 
conversion to open procedures compared to overweight female donors, possibly related to 
the visceral fat distribution [21].  

Procuring the right kidney poses additional threats as previous studies have demonstrated 
an increased risk of renal vein thrombosis [17, 18]. Our initial experience with hand-assisted 
laparoscopy saw a renal vein thrombosis rate of less than 3% [30]. In fact, we had not had 
any cases of renal vein thrombosis with the conventional laparoscopic procurement 
technique, or even more recently, with the laparoendoscopic single site donor nephrectomy 
technique [19, 30]. An important technical consideration is firing the stapling device flush 
against the IVC, while laterally retracting the kidney to maximize renal vein length to avoid 
this complication. 

Various studies have compared outcomes of transplantation of kidneys with a single artery 
versus those with multiple arteries (Figure 5). Most of these studies have demonstrated 
similar survival and graft function between the two groups [31-33]. However, other studies 
have shown that kidneys harvested with multiple arteries are technically difficult leading to 
increased complications, such as vascular thrombosis, increased bleeding during 
nephrectomy, and increased operating times [34]. Our experience using the 
laparoendoscopic single site donor nephrectomy technique to procure kidneys with 
multiple vessels has been similar to those with single renal arteries and veins (approximate 
complication rate of 6%). 

 
Figure 5. Multiple renal arteries. The image depicts a kidney with multiple renal arteries. 

4.3. Donor satisfaction 

The true benefits of laparoendoscopic single site donor nephrectomy remain to be seen. 
Canes et al. compared 17 laparoendoscopic single site donor nephrectomies to a matched 
pair of 17 conventional laparoscopic donor nephrectomies and found no difference in 
standard perioperative parameters [27]. They did however identify superior patient scar 
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satisfaction, decreased oral analgesic use, and improved convalescence in the 
laparoendoscopic single site cohort. Kurien and colleagues demonstrated no difference in 
convalescence parameters in their randomized controlled trial comparing 25 
laparoendoscopic single site donor nephrectomies to 25 conventional laparoscopic donor 
nephrectomies [28]. The laparoendoscopic cohort did have less pain requirements and a 
one-half day improvement in hospital stay; however, the warm ischemia time was slightly 
increased in that cohort. In an analysis of our series of our first 100 laparoendoscopic single 
site donor nephrectomies, the laparoendoscopic group had a slight, but significant 
improvement in convalescence compared to a group of 100 matched conventional 
laparoscopic donor nephrectomies [12]. However, the laparoendoscopic group had 
significantly longer operative times by almost 30 minutes on average.  

5. Recipient outcomes 

5.1. Allograft function 

The benefit of live donor nephrectomy, compared to receiving an allograft from a deceased 
donor, is the prompt functionality of the allograft with more durable function. Comparisons 
of early and late allograft function in the recipient of open versus conventional laparoscopic 
donor nephrectomy have already been shown in several studies, including two randomized 
controlled trials [35, 36]. Similarly, all recent studies comparing allografts procured with the 
laparoendoscopic single site technique have shown similar early allograft function 
compared to allografts via conventional laparoscopic approaches [10-12, 28]. Moreover, 
these results have also been seen with right sided allografts, despite the shorter vasculature 
when compared to either right or left allografts [19, 30]. In addition, allografts from obese 
donors have seen similar early allograft function as allografts from non-obese donor 
irrespective of procurement technique [20]. In all of these studies, the incidence of delayed 
graft function remained low (<5%). 

5.2. Survival 

Graft survival following conventional laparoscopic donor nephrectomy has been excellent. 
Given the infancy of the laparoendoscopic single site procurement technique, long-term or 
even intermediate-term follow-up remains limited. However, short-term follow-up suggests 
patient survival remains excellent at 1 year (100%) as well as overall graft survival at 1 year 
(98%) [11]. Kurien et al. demonstrated similar 1 year outcomes, including both patient and 
graft survival of 100% [28]. At the present, short-term outcomes appear similar to 
conventional laparoscopic procurement techniques. 

6. Conclusion 

The single incision approach represents a technological advancement in renal allograft 
organ recovery. Perhaps with time, this could represent a paradigm shift that will require 
evolution of instrumentation, technique, and training models, just as conventional 
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laparoscopic donor nephrectomies did over a decade and a half ago. At this time, the 
benefits of single incision technique appears limited to superior cosmesis and a small 
improvement in convalescence. With time, however, the laparoendoscopic single site donor 
nephrectomy technique may further decrease the barriers to live organ donation and 
transplantation. 
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1. Introduction 

End-stage renal disease (ESRD) is a serious public health and medical problem in the world. 
The incidence and prevalence rates grow up in many countries (Figure 1). According to the 
recent United States Renal Data System (USRDS) report, the incidence of ESRD increases 
from 346 per million people in 2004 to 371 per million people in 2009 in the United States.(1) 
ESRD also has financial impacts on the health care delivery and insurance systems. For 
instance, in Taiwan, 68,000 chronic renal failure patients constitute 0.3% of national 
population, but they cost nearly 10% of health insurance resource in 2010.(2) In United 
States, total Medicare spending with ESRD cost 29 billion dollars in 2009.(3) Some 
developing countries and theirs patients with ESRD are unable to afford the tremendous 
cost of dialysis and kidney transplant. This leads to extremely public health and medical 
problem due to no substitute therapy can be provided owing to economic reason.(4) 

2. Kidney transplant and donor shortage 

Since Joseph Edward Murray successfully achieved the first kidney transplant surgery in 
1954, kidney transplant has become one of the standard therapies for patients with ESRD. 
Hemodialysis, peritoneal dialysis and kidney transplant are regarded as replacement 
therapies for patients with ESRDs. Kidney transplant is widely believed to be the best option 
among all therapies.(5) Patients who receive kidney transplant are more likely to have 
higher satisfaction rate, better quality of life, and lower long-term utilization and cost than 
those who receive dialysis therapy.(5, 6) Although the death rate of patients within two 
weeks after receiving renal transplant surgery is 2.8 fold higher than those with 
hemodialysis therapy, the overall death rate 68% is lower than dialysis.(7) 

The annual cost of dialysis is around $35,000 to $80,000 USD. The cost of kidney transplant is 
similar to dialysis in the first year, but the medical cost after surgery is lower than that 
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receiving dialysis.(8-16) As a result, many countries promote kidney transplantation given the 
medical and financial benefits. Nevertheless, the amount of donated kidneys cannot satisfy the 
rapidly increasing need. The waiting times for kidney transplant surgery are from 3 to 6 years, 
and even longer in several countries such as United Kingdoms, Brazil, and Taiwan.(17-20) 
Therefore, many countries encourage expanded criteria donor (ECD) and donor after cardiac 
death (DCD). These two polices can increase amount of transplant surgery and reach good 
transplant results under well-planned and cooperative organizations.(21) 

 
Figure 1. the incidence and prevalence of people with end-stage renal disease in different countries 
(retrieved parts of the statistics from the 2011 Annual Data Report, United States Renal Data System, 
http://www.usrds.org/2011/pdf/v2_ch012_11.pdf) 

3. Organ procurement and allocation 

The allocation and utilization of donated organs is as important as procurement. In 
developed countries, such as United States and United Kingdom that have executed organ 
transplant surgeries for decades, they have had well-established organ procurement 
organizations for procuring donors, organ harvest, and transplant. Whenever an organ 
donor is obtained, the transplant center distributes them according to the blood type, tissue 
matching result, disease severity, age, location, waiting time, and the shortest ischemic time 
to achieve the optimal transplant result. Health authorities will also request these centers 
must follow their patients to evaluate whether pre-set goals are achieved, such as efficiency 
of promotion, ratio of using expanded criteria donor, survival rate, and growth of transplant 
rate. The aim of disclosure of processing and outcome information of transplant to the 
public is not only providing necessary information to all patients, but also acting as 
performance parameters of all transplant centers.  
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However, such an organ procurement and allocation system is still at the beginning stage in 
many countries. Hospitals or the health care systems have to establish their own waiting 
and priority list. Usually there are few communications and cooperation across transplant 
centers, thus the limited donated organs cannot be fully utilized and allocated to the most 
needed recipients. To improve the efficiency of utilization and fairness of allocation, many 
countries such as Taiwan and Brazil have established a coordinating organization. They 
procure organ donation and set up the waiting list and the priority of organ utilization 
based on medical and ethical considerations. Patients with ESRDs have equal opportunity to 
share the limited organs as long as they fit the matching criteria. Previous studies showed 
that the number of kidney transplant increased significantly after establishment of the 
central coordinating organizations.(19)  

4. Volume-outcome relationships in high-risk surgeries 

Many studies have demonstrated that patients who receive surgery at higher-volume 
hospitals are more likely to have better outcomes.(22-30) The evidence for a positive 
relationship between provider volume and subsequent clinical outcomes for inpatients is 
substantial and compelling since its introduction in the literature mainly by Luft (31) and 
Flood (32, 33) in the 1980s. During the past 30 years, especially after 1995, a large body of 
studies has focused on measuring and explaining the relationship between inpatient 
outcomes and volume of services provided by hospitals and physicians. For certain diseases 
and procedures, a “higher volume and better outcomes” relationship has been recognized in 
several large-scale reviews.(30, 34) The Institute of Medicine released its synthesis of the 
evidence that 77% of peer-reviewed studies found significant inverse relationships between 
hospital volume and mortality (34); and another systematic review by Dudley et al (30, 34) 
reported similar findings. Extremely strong volume-outcome relationships have been chiefly 
identified for rare and high-risk procedures, including coronary artery bypass graft 
surgery,(35-40) pediatric cardiac surgery,(41-43) unruptured abdominal aortic aneurysm 
repair,(39, 44, 45) total hip replacement, (30, 34, 46, 47) and very high risk cancer surgeries 
such as for the pancreas,(48-52) esophagus,(50, 53, 54) and liver cancers.(53)  

5. Causes for volume-outcome relationships 

Although the association between the volume of inpatient services and outcomes of health 
care is substantial for many studies, the direction of causality has not been well defined. 
Three principal hypotheses have been advanced to explain this relationship: 

First, the “practice makes perfect” hypothesis. Many studies support the “practice makes 
perfect” hypothesis, in that higher-volume providers develop more effective skills and 
treatments that result in better outcomes.(31, 55) According to this hypothesis, there is a 
learning effect among providers; that is, higher-volume providers develop more effective 
skills and treatments which result in better outcomes.(32, 33) It is plausible that regular 
experience is crucial to keep up skills and the lower-volume providers have poorer 
outcomes because they have lost a necessary edge.(56, 57) However, several studies that 
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track changes in individual hospital volume over time found that fluctuating numbers of 
cases within the same hospital have no or minimal effects on outcomes.(36, 58) This implies 
that volume-outcome associations may reflect fixed differences in the overall quality of care 
between high and low-volume providers, rather than the hypothesis of “practice makes 
perfect” alone.(59)  

Second, the “selective referral” hypothesis. Luft et al (60) argued that volume could be 
higher in hospitals with better outcomes because patients seek care at facilities with 
reputations for better performance. It is possible that for elective procedures providers who 
are well known might receive more referrals or self-referrals from patients themselves.(57) 
However, this is implausible in the case of emergency procedures where the opportunity for 
selective referral is low. Furthermore, given the fact that physicians do not usually use 
outcome information to make referrals,(61, 62) nor do patients flock to hospitals based on 
their outcome information,(63) selective referral alone cannot explain the whole story well. 
Luft et al (31) adopted a simultaneous-equation model to test the relative importance of the 
two explanations, and suggested that both hypotheses are valid and that the relative 
importance of the practice or referral explanation varies by diagnosis or procedure.  

Third, the “outcome-related processes of care” hypothesis. An alternative hypothesis is that 
there is no direct causal relationship between volume and inpatient outcomes, and their 
correlation is due to other more specific intervening factors; that is, volume may be probably 
a proxy measure for other factors that affect care.(59) High-volume providers may have the 
economies of scale to improve their structural characteristics, such as recruiting experienced 
medical staff and investing in required equipment and information systems. These 
structural advantages may enable high-volume providers most likely to perform better 
processes of care, such as well-designed care plans, streamlined procedures, and higher 
adherence to evidence-based guidelines that improve clinical outcomes.(64-66) These 
findings are consistent with the framework of “Structure-Process-Outcome” hypothesized 
by Donabedian, that structure of care influences process which in turn influences 
outcomes.(67) 

6. Volume-outcome relationship in kidney transplant 

The outcome of kidney transplant is determined by a recipient's health status, surgical 
techniques, competency of the surgeons and staff, multidisciplinary care, infection control, 
and the ability to manage graft rejection after surgery. Kidney transplantation has achieved 
significant improvement for the past two decades. According to the USRDS 2010 annual 
report, one year survival of kidney transplant is about 98.7% for living donors, 96.7% for 
deceased donors, and 95.4% for synchronous pancreas and kidney transplant.(68) 

Accumulating evidences have demonstrated the positive relationship between surgical 
volume and patient outcome in transplantation. The incidence and prevalence rates of ESRD 
are high in the United States and many European countries. The number of kidney 
transplant surgeries and the volume-outcome studies are also high in these countries. 
Axelrod et al. found that transplant outcomes are better at the higher volume centers.(24) 
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The unadjusted rate of renal graft loss within 1 year was significantly lower at high volume 
than low volume transplant centers. After adjustment, kidney transplant at low and very 
low volume centers was associated with a higher incidence of graft loss when compared 
with high volume centers. However, they did not identify clear minimal threshold volume 
for kidney transplantation. Edwards et al. (22) also found that as a group, liver-
transplantation centers in the United States that perform 20 or fewer transplantations per 
year have mortality rates that are significantly higher than those at centers that perform 
more than 20 transplantations per year. They argued that information regarding the 
outcome of liver transplantation at transplantation centers should be made widely available 
to the public in a timely manner. Kim et al. (25) also found significant center-specific 
variation in the success of renal transplantation in Canada. There was significant center-
specific variation in recipient and transplant characteristics (e.g. age, diabetes mellitus, 
donor source and center volume) as well as covariate-adjusted facility-specific outcome 
rates. There was a 3- to 4-fold difference in hazard rates of renal transplant outcomes among 
the 20 centers studied in Canada. Centers performing less than 200 transplants over the 
study period were associated with lower graft and patient survival. Using the North 
American Pediatric Transplant Cooperative Study database, Schurman et al. (23) found 
outcomes between groups existed, including the increasing rates of cadaver donor graft 
thrombosis and acute tubular necrosis with decreasing pediatric renal transplant center 
volume. Decreasing graft survival for decreasing center size groups was noted at 3 months 
after transplant. Superior graft survival in the high-volume centers noted at 3 months after 
transplant appears predominantly the result of lower rates of cadaver donor graft 
thrombosis and acute tubular necrosis.  

For those with high incidence and prevalence rates of ESRD but low donation rates, such as 
Japan, Taiwan, Hong Kong, many hospitals and surgeons in these countries compete for 
limited number of renal transplant surgeries. The outcome and efficiency of transplant 
surgeries varied substantially among hospitals of different surgical volumes. One recent 
study based on a nationally representative data base in Taiwan revealed that kidney 
transplants performed at high-volume hospitals were more likely to result in fewer surgical 
complications, lower mortality, and higher survival for patients and transplanted grafts than 
those performed at low-volume hospitals.(69) Even though the mean age of the kidney 
recipients was older and the initial graft rejection rate was higher for patients at high 
surgical volume hospitals than at lower volume hospitals, the survival rates for recipients 
and grafts were significantly better at high- than low-volume hospitals. The mean transplant 
surgery cost was also lower at high- than low-volume hospitals. This study highlights the 
fact that nearly 77% of the surgeries were performed at six high-volume hospitals, which 
provided better quality of care than the low-volume counterparts. If all kidney transplants 
were performed at these high-volume hospitals, more patients and transplanted grafts 
would be saved and costs could be contained. 

High volume hospitals are inevitably more likely to receive risky cases which in turn 
influence the outcomes of transplantation. This is to some extents the social responsibility of 
these high-volume and center-of-excellence hospitals. These hospitals can make efforts to 
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track changes in individual hospital volume over time found that fluctuating numbers of 
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a proxy measure for other factors that affect care.(59) High-volume providers may have the 
economies of scale to improve their structural characteristics, such as recruiting experienced 
medical staff and investing in required equipment and information systems. These 
structural advantages may enable high-volume providers most likely to perform better 
processes of care, such as well-designed care plans, streamlined procedures, and higher 
adherence to evidence-based guidelines that improve clinical outcomes.(64-66) These 
findings are consistent with the framework of “Structure-Process-Outcome” hypothesized 
by Donabedian, that structure of care influences process which in turn influences 
outcomes.(67) 

6. Volume-outcome relationship in kidney transplant 

The outcome of kidney transplant is determined by a recipient's health status, surgical 
techniques, competency of the surgeons and staff, multidisciplinary care, infection control, 
and the ability to manage graft rejection after surgery. Kidney transplantation has achieved 
significant improvement for the past two decades. According to the USRDS 2010 annual 
report, one year survival of kidney transplant is about 98.7% for living donors, 96.7% for 
deceased donors, and 95.4% for synchronous pancreas and kidney transplant.(68) 

Accumulating evidences have demonstrated the positive relationship between surgical 
volume and patient outcome in transplantation. The incidence and prevalence rates of ESRD 
are high in the United States and many European countries. The number of kidney 
transplant surgeries and the volume-outcome studies are also high in these countries. 
Axelrod et al. found that transplant outcomes are better at the higher volume centers.(24) 
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The unadjusted rate of renal graft loss within 1 year was significantly lower at high volume 
than low volume transplant centers. After adjustment, kidney transplant at low and very 
low volume centers was associated with a higher incidence of graft loss when compared 
with high volume centers. However, they did not identify clear minimal threshold volume 
for kidney transplantation. Edwards et al. (22) also found that as a group, liver-
transplantation centers in the United States that perform 20 or fewer transplantations per 
year have mortality rates that are significantly higher than those at centers that perform 
more than 20 transplantations per year. They argued that information regarding the 
outcome of liver transplantation at transplantation centers should be made widely available 
to the public in a timely manner. Kim et al. (25) also found significant center-specific 
variation in the success of renal transplantation in Canada. There was significant center-
specific variation in recipient and transplant characteristics (e.g. age, diabetes mellitus, 
donor source and center volume) as well as covariate-adjusted facility-specific outcome 
rates. There was a 3- to 4-fold difference in hazard rates of renal transplant outcomes among 
the 20 centers studied in Canada. Centers performing less than 200 transplants over the 
study period were associated with lower graft and patient survival. Using the North 
American Pediatric Transplant Cooperative Study database, Schurman et al. (23) found 
outcomes between groups existed, including the increasing rates of cadaver donor graft 
thrombosis and acute tubular necrosis with decreasing pediatric renal transplant center 
volume. Decreasing graft survival for decreasing center size groups was noted at 3 months 
after transplant. Superior graft survival in the high-volume centers noted at 3 months after 
transplant appears predominantly the result of lower rates of cadaver donor graft 
thrombosis and acute tubular necrosis.  

For those with high incidence and prevalence rates of ESRD but low donation rates, such as 
Japan, Taiwan, Hong Kong, many hospitals and surgeons in these countries compete for 
limited number of renal transplant surgeries. The outcome and efficiency of transplant 
surgeries varied substantially among hospitals of different surgical volumes. One recent 
study based on a nationally representative data base in Taiwan revealed that kidney 
transplants performed at high-volume hospitals were more likely to result in fewer surgical 
complications, lower mortality, and higher survival for patients and transplanted grafts than 
those performed at low-volume hospitals.(69) Even though the mean age of the kidney 
recipients was older and the initial graft rejection rate was higher for patients at high 
surgical volume hospitals than at lower volume hospitals, the survival rates for recipients 
and grafts were significantly better at high- than low-volume hospitals. The mean transplant 
surgery cost was also lower at high- than low-volume hospitals. This study highlights the 
fact that nearly 77% of the surgeries were performed at six high-volume hospitals, which 
provided better quality of care than the low-volume counterparts. If all kidney transplants 
were performed at these high-volume hospitals, more patients and transplanted grafts 
would be saved and costs could be contained. 

High volume hospitals are inevitably more likely to receive risky cases which in turn 
influence the outcomes of transplantation. This is to some extents the social responsibility of 
these high-volume and center-of-excellence hospitals. These hospitals can make efforts to 
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minimize the influences of increasing risky cases. First of all, the differences in performance 
of surgeons and the surgical team will be more significant in high-risk than the average-risk 
cases. Transplant centers with the state-of-art techniques and well-trained surgical teams are 
more likely to increase the success rates of kidney transplant of risky cases than their 
counterparts. High volume of transplant cases means that the hospitals have enough 
capacity and capability to treat all kinds of patients. Secondly, the high-volume hospitals 
will not always treat risky cases as long as the establishment of the organ procurement and 
transplantation network. The allocation of the donated kidneys follows the pre-set standard 
of procedure including disease severity and many other factors such as tissue matching 
results, age, location, waiting time, and the shortest ischemic time.  

7. The volume-based policies in risky surgeries and transplant  

Evidence of the volume-outcome relationship has important and practical policy 
implications. Although volume has not been widely accepted as a quality indicator, it is a 
structural characteristic that is easy to calculate and that is often associated with quality in 
the literature. (70) If the “higher-volume and better-outcome” association exists and is 
strong in magnitude, it would support the concentration of some specific medical 
interventions in regional, high-volume centers in an attempt to increase patient safety and 
reduce mortality.(30, 71) Several other reasons to proceed with volume-based 
regionalization are: first, it is one of the few strategies that is feasible before the introduction 
of more reliable quality indicators; second, on average, it is more likely to result in better 
outcomes for patients; and third, it also creates an incentive for hospitals to collect and 
report the data needed to measure quality more accurately.(72) 

The volume-based selective referral or regionalization policies have been implemented for 
certain risky surgeries as well as in organ transplantation in the United States.(73, 74) 
Several states in the United States have used certificate-of-need (CON) programs to review 
proposals for new construction and expanded services in an effort to control costs and to 
improve quality of care. These programs tend to regionalize cases in high-volume hospitals 
only.(75) Some studies found that the CON and regionalization of some high-risk 
procedures improves the quality of care in certain surgeries such as heart 
transplantation,(76) pancreas cancer,(77) and CABG.(78) Moreover, several independent 
organizations have begun providing the population with information about volumes at 
hospitals in their areas. Moreover, purchasers have the power to influence referral patterns 
by contracting with health plans even without direct support from the medical community. 
(79) Several large employers and health care purchasers in the US have combined to 
leverage improvements in health care quality such as the Leapfrog Group.(28) The purchasers 
set annual volume standards for some high-risk procedures and encourage patients to 
utilize hospitals that perform a high volume of these procedures.(80)  

There is no rigid volume threshold for kidney transplantation after reviewing the literature 
available. However, kidney transplantation is usually conducted at limited number of 
transplant centers in the United States, Canada, and European countries. A number of 
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studies have demonstrated the importance of the “center effect” as a prognostic factor in 
kidney transplantation.(26, 81-89) The variability in one year graft survival amongst US 
transplant centers has been shown to range from 30% to 40%. This effect has persisted 
despite advances in transplantation, which have led to improvements in short- and long-
term graft and patient outcomes.(89, 90) No volume-based policy can be identified for 
countries with low donation rates.  

Given the different socioeconomic status, culture, health care delivery and reimbursement 
systems, several factors shall be considered when health care authorities or hospitals plan to 
adopt the volume-based policies for high-risk surgeries. First of all, concentrating kidney 
transplant in a few high-volume hospitals could not only potentially decrease the quality of 
care because of work overload, but also reduce the proficiency of the remaining hospitals 
and their physicians in delivering kidney transplantation.(91, 92) Two controlled studies of 
perinatal regionalization showed no significant improvement in mortality.(93) One recent 
study by Hamilton et al.(58) found that the regionalization of major surgical procedures in 
Canada had minimal impact on death and readmission rates but showed a significant 
decline in the length of stay. Additionally, a volume-based referral program does not 
generate information about the causes of differences in quality among hospitals of varying 
volumes. It will also not help providers to determine how to improve quality of care except 
by boosting volume. 

The second concern is for patient accessibility. There is clearly a tradeoff if time to treatment 
is increased by referring patients to high-volume centers or operators. Regionalization and 
selective referral could result inevitably in adverse outcomes by limiting patient choice and 
access to care, increasing unreasonable transfer and travel burdens and reducing the 
availability of surgical services in many locations, particularly in rural areas remote from the 
high-volume centers.(94, 95) The volume-based referral policy also may have unintended 
consequences for patients at lower-volume hospitals who have conditions that are not on 
the selective referral list. (79) 

Third, patients might not benefit equally from regionalization or selective referrals. 
Nallamothu et al.(92) found that the beneficial effects of high-volume hospitals are only 
concentrated in a subgroup of patients with moderate to high risks of death. The 
experiences from the centralization of trauma centers further confirm that the higher-
volume and better outcome benefits are only evident in high-risk patients.(95, 96) Thus, 
Nallamothu et al. suggest a transfer policy targeted at patients with moderate or higher 
risk.(71)  

Finally, volume-based referral strategies would have substantial implications for hospitals, 
payers, and the society. First, regionalization and selective referral could create an unfair 
impact on the economic viability of small- to moderate-sized providers of lower-volume 
services.(97) Losing service volume could threaten the financial viability of local hospitals 
and their ability to recruit and retain physicians. (94) Second, reduced competition among 
providers may result in increased prices in many areas. Third, volume-based referral should 
not be expected to greatly reduce direct health care costs since the current evidence does not 
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minimize the influences of increasing risky cases. First of all, the differences in performance 
of surgeons and the surgical team will be more significant in high-risk than the average-risk 
cases. Transplant centers with the state-of-art techniques and well-trained surgical teams are 
more likely to increase the success rates of kidney transplant of risky cases than their 
counterparts. High volume of transplant cases means that the hospitals have enough 
capacity and capability to treat all kinds of patients. Secondly, the high-volume hospitals 
will not always treat risky cases as long as the establishment of the organ procurement and 
transplantation network. The allocation of the donated kidneys follows the pre-set standard 
of procedure including disease severity and many other factors such as tissue matching 
results, age, location, waiting time, and the shortest ischemic time.  

7. The volume-based policies in risky surgeries and transplant  

Evidence of the volume-outcome relationship has important and practical policy 
implications. Although volume has not been widely accepted as a quality indicator, it is a 
structural characteristic that is easy to calculate and that is often associated with quality in 
the literature. (70) If the “higher-volume and better-outcome” association exists and is 
strong in magnitude, it would support the concentration of some specific medical 
interventions in regional, high-volume centers in an attempt to increase patient safety and 
reduce mortality.(30, 71) Several other reasons to proceed with volume-based 
regionalization are: first, it is one of the few strategies that is feasible before the introduction 
of more reliable quality indicators; second, on average, it is more likely to result in better 
outcomes for patients; and third, it also creates an incentive for hospitals to collect and 
report the data needed to measure quality more accurately.(72) 

The volume-based selective referral or regionalization policies have been implemented for 
certain risky surgeries as well as in organ transplantation in the United States.(73, 74) 
Several states in the United States have used certificate-of-need (CON) programs to review 
proposals for new construction and expanded services in an effort to control costs and to 
improve quality of care. These programs tend to regionalize cases in high-volume hospitals 
only.(75) Some studies found that the CON and regionalization of some high-risk 
procedures improves the quality of care in certain surgeries such as heart 
transplantation,(76) pancreas cancer,(77) and CABG.(78) Moreover, several independent 
organizations have begun providing the population with information about volumes at 
hospitals in their areas. Moreover, purchasers have the power to influence referral patterns 
by contracting with health plans even without direct support from the medical community. 
(79) Several large employers and health care purchasers in the US have combined to 
leverage improvements in health care quality such as the Leapfrog Group.(28) The purchasers 
set annual volume standards for some high-risk procedures and encourage patients to 
utilize hospitals that perform a high volume of these procedures.(80)  

There is no rigid volume threshold for kidney transplantation after reviewing the literature 
available. However, kidney transplantation is usually conducted at limited number of 
transplant centers in the United States, Canada, and European countries. A number of 
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studies have demonstrated the importance of the “center effect” as a prognostic factor in 
kidney transplantation.(26, 81-89) The variability in one year graft survival amongst US 
transplant centers has been shown to range from 30% to 40%. This effect has persisted 
despite advances in transplantation, which have led to improvements in short- and long-
term graft and patient outcomes.(89, 90) No volume-based policy can be identified for 
countries with low donation rates.  

Given the different socioeconomic status, culture, health care delivery and reimbursement 
systems, several factors shall be considered when health care authorities or hospitals plan to 
adopt the volume-based policies for high-risk surgeries. First of all, concentrating kidney 
transplant in a few high-volume hospitals could not only potentially decrease the quality of 
care because of work overload, but also reduce the proficiency of the remaining hospitals 
and their physicians in delivering kidney transplantation.(91, 92) Two controlled studies of 
perinatal regionalization showed no significant improvement in mortality.(93) One recent 
study by Hamilton et al.(58) found that the regionalization of major surgical procedures in 
Canada had minimal impact on death and readmission rates but showed a significant 
decline in the length of stay. Additionally, a volume-based referral program does not 
generate information about the causes of differences in quality among hospitals of varying 
volumes. It will also not help providers to determine how to improve quality of care except 
by boosting volume. 

The second concern is for patient accessibility. There is clearly a tradeoff if time to treatment 
is increased by referring patients to high-volume centers or operators. Regionalization and 
selective referral could result inevitably in adverse outcomes by limiting patient choice and 
access to care, increasing unreasonable transfer and travel burdens and reducing the 
availability of surgical services in many locations, particularly in rural areas remote from the 
high-volume centers.(94, 95) The volume-based referral policy also may have unintended 
consequences for patients at lower-volume hospitals who have conditions that are not on 
the selective referral list. (79) 

Third, patients might not benefit equally from regionalization or selective referrals. 
Nallamothu et al.(92) found that the beneficial effects of high-volume hospitals are only 
concentrated in a subgroup of patients with moderate to high risks of death. The 
experiences from the centralization of trauma centers further confirm that the higher-
volume and better outcome benefits are only evident in high-risk patients.(95, 96) Thus, 
Nallamothu et al. suggest a transfer policy targeted at patients with moderate or higher 
risk.(71)  

Finally, volume-based referral strategies would have substantial implications for hospitals, 
payers, and the society. First, regionalization and selective referral could create an unfair 
impact on the economic viability of small- to moderate-sized providers of lower-volume 
services.(97) Losing service volume could threaten the financial viability of local hospitals 
and their ability to recruit and retain physicians. (94) Second, reduced competition among 
providers may result in increased prices in many areas. Third, volume-based referral should 
not be expected to greatly reduce direct health care costs since the current evidence does not 
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indicate that higher-volume hospitals achieve shorter lengths of hospital admissions.(74) 
Finally, the volume standards would inevitably create financial incentives for providers to 
increase the number of procedures, whether they are medically indicated or not.(98, 99). 

8. Policy implications and suggestions 

The relationship between hospitals’ volume of kidney transplant surgery and patients’ 
outcomes has been a quite debated issue. Although many studies have demonstrated that 
patients who receive surgery at higher-volume hospitals are more likely to have better 
outcomes, the volume-based healthcare policies shall be tailored according the prevalence of 
ESRD patients, the number of organ donors, the availability of high-quality transplant 
providers, the healthcare delivery and reimbursement systems, and the culture and social 
norms in each country. There is no one magic bullet to solve all problems in every country.  

For many developed countries with abundant medical resources, well-experienced providers, 
and high organ donation rates, the release of transplant outcome information of each transplant 
center may be more important than using the volume of surgery as a proxy indicator. Therefore, 
the healthcare authorities had better establishing solid organ procurement and allocation 
systems so that the limited organs can be utilized in an efficient way.  

On the other hand, the need and number of kidney transplant surgeries are also growing 
rapidly in many countries where organ donation has not been a social norm. When many 
hospitals and surgeons compete for the limited sources of donors, the medical societies and 
healthcare policy makers worth to concern the differences in quality and efficiency of kidney 
transplants between high- and low-volume hospitals . We suggest that policy makers 
consider the following volume-based strategies to improve the quality of kidney transplants. 
First, the healthcare authority can consider adopting a ‘center of excellence policy”, that is, 
regionalizing kidney transplant surgeries to hospitals that have performed kidney 
transplant surgeries above a certain volume threshold. This volume threshold can be 
decided by healthcare authorities, transplant expert groups, hospitals, and patient 
representatives. However, this policy shall take into consideration of the country’s size, 
distribution of medical resources, and convenience of transportation. Second, the ‘center of 
excellence’ hospital should be accountable for regional kidney transplant quality and 
outcomes. All high-risk patients shall be referred to high-volume hospitals for intensive 
care. If kidney transplants for high-risk patients are allowed to be performed at low-volume 
hospitals, they shall be supervised by the ‘center of excellence’ hospitals. Third, the health 
care authorities can use a ‘certificate of need’ policy to review proposals for new 
construction and expand services in an effort to control costs and to improve kidney 
transplant quality. 

9. Conclusions 

When surgical quality information for kidney transplantation has not been systemically 
collected or disclosed to the public, hospital’s volume of kidney transplants has served a 
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convenient proxy quality indicator for patients and donors. In summary of all evidences 
available, patients who receive kidney transplant at high-volume hospitals are more likely 
to have better outcomes than at low-volume ones. This positive relationship has also been 
documented in many other high-risk surgeries. For areas with low organ donation rates and 
low volume of kidney transplant surgeries, volume-based strategies can be considered to 
ensure the quality of kidney transplant surgeries and to facilitate the highest utilization of 
limited kidney donors. Any regionalization or selective referral policy needs to be tailored 
based on the healthcare delivery and reimbursement systems, availability of medical 
resources, and culture background of the country. Hospital kidney transplant volume is just 
a proxy indicator on the population basis. The ultimate goal is that recipients and donors 
can access to comprehensive and transparent quality information of kidney transplant. 
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indicate that higher-volume hospitals achieve shorter lengths of hospital admissions.(74) 
Finally, the volume standards would inevitably create financial incentives for providers to 
increase the number of procedures, whether they are medically indicated or not.(98, 99). 

8. Policy implications and suggestions 

The relationship between hospitals’ volume of kidney transplant surgery and patients’ 
outcomes has been a quite debated issue. Although many studies have demonstrated that 
patients who receive surgery at higher-volume hospitals are more likely to have better 
outcomes, the volume-based healthcare policies shall be tailored according the prevalence of 
ESRD patients, the number of organ donors, the availability of high-quality transplant 
providers, the healthcare delivery and reimbursement systems, and the culture and social 
norms in each country. There is no one magic bullet to solve all problems in every country.  

For many developed countries with abundant medical resources, well-experienced providers, 
and high organ donation rates, the release of transplant outcome information of each transplant 
center may be more important than using the volume of surgery as a proxy indicator. Therefore, 
the healthcare authorities had better establishing solid organ procurement and allocation 
systems so that the limited organs can be utilized in an efficient way.  

On the other hand, the need and number of kidney transplant surgeries are also growing 
rapidly in many countries where organ donation has not been a social norm. When many 
hospitals and surgeons compete for the limited sources of donors, the medical societies and 
healthcare policy makers worth to concern the differences in quality and efficiency of kidney 
transplants between high- and low-volume hospitals . We suggest that policy makers 
consider the following volume-based strategies to improve the quality of kidney transplants. 
First, the healthcare authority can consider adopting a ‘center of excellence policy”, that is, 
regionalizing kidney transplant surgeries to hospitals that have performed kidney 
transplant surgeries above a certain volume threshold. This volume threshold can be 
decided by healthcare authorities, transplant expert groups, hospitals, and patient 
representatives. However, this policy shall take into consideration of the country’s size, 
distribution of medical resources, and convenience of transportation. Second, the ‘center of 
excellence’ hospital should be accountable for regional kidney transplant quality and 
outcomes. All high-risk patients shall be referred to high-volume hospitals for intensive 
care. If kidney transplants for high-risk patients are allowed to be performed at low-volume 
hospitals, they shall be supervised by the ‘center of excellence’ hospitals. Third, the health 
care authorities can use a ‘certificate of need’ policy to review proposals for new 
construction and expand services in an effort to control costs and to improve kidney 
transplant quality. 

9. Conclusions 

When surgical quality information for kidney transplantation has not been systemically 
collected or disclosed to the public, hospital’s volume of kidney transplants has served a 
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convenient proxy quality indicator for patients and donors. In summary of all evidences 
available, patients who receive kidney transplant at high-volume hospitals are more likely 
to have better outcomes than at low-volume ones. This positive relationship has also been 
documented in many other high-risk surgeries. For areas with low organ donation rates and 
low volume of kidney transplant surgeries, volume-based strategies can be considered to 
ensure the quality of kidney transplant surgeries and to facilitate the highest utilization of 
limited kidney donors. Any regionalization or selective referral policy needs to be tailored 
based on the healthcare delivery and reimbursement systems, availability of medical 
resources, and culture background of the country. Hospital kidney transplant volume is just 
a proxy indicator on the population basis. The ultimate goal is that recipients and donors 
can access to comprehensive and transparent quality information of kidney transplant. 

Author details 

Wui-Chiang Lee 
Department of Medical Affairs and Planning, Taipei Veterans General Hospital, Taipei, Taiwan 
(R.O.C) 
Taiwan Joint Commission on Hospital Accreditation, Taiwan (R.O.C) 
National Yang-Ming University School of Medicine, Taiwan (R.O.C) 

Shu-Yun Tsao 
Department of Surgery, Taipei Veterans General Hospital, Taiwan (R.O.C) 

Che-Chuan Loong 
National Yang-Ming University School of Medicine, Taiwan (R.O.C) 
Division of Transplantation Surgery, Department of Surgery, Taipei Veterans General Hospital,  
Taiwan (R.O.C) 

10. References 

[1] Annual Data Report. United State Renal Data System; 2011 Chapter 12, International 
Comparison. Available from: http://www.usrds.org/2011/pdf/v2_ch012_11.pdf. 

[2] Medical Utilization of Major Illness/Injury [database on the internet]. Bureau of 
National Health Insurance, Republic of China; 2010-[cited 2012 May 20].Available from 
http://www.nhi.gov.tw/webdata/webdata.aspx?menu=17&menu_id=661&WD_ID=689
&webdata_id=4004  

[3] Annual Data Report [database on the internet]. United State Renal Data System; 2011- 
[cited 2012 May 20]. Chapter 11, Costs of ESRD. Available from:  
http://www.usrds.org/2011/pdf/v2_ch011_11.pdf  

[4] Shrivastava A, Singh P, Bhandari M, Kumar A. Economics of Organ Transplantation in 
India. Transplantation Proceedings 1998;30:3121-2. 

[5] Manninen DL, Evans RW, Dugan MK, Rader B. The costs and outcome of kidney 
transplant graft failure. Transplantation proceedings. 1991;23(1 Pt 2):1312-4. 



 
Current Concepts in Kidney Transplantation 294 

[6] Niu SF, Li IC. Quality of life of patients having renal replacement therapy. J advanced 
nursing. 2005;51(1):15-21. 

[7] Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LYC, Held PJ, et al. 
Comparison of Mortality in all patient on dialysis,patients on dialysis awaiting 
transplantation,and recipents of a first cadaveric transplant. N Engl J Med . 
1999;341:1725-30. 

[8] Biesen WV, Lameire N, Peeters P, Vanholder R. Belgium's mixed private/public health 
care system and its impact on the cost of end-stage renal disease. Int J Health Care 
Finance Econ. 2007;7:133-48. 

[9] Kleophas W, Reichel H. International study of health care organization and financing: 
development of renal replacement therapy in Germany. Int J Health Care Finance Econ. 
2007;7:185-200. 

[10] Pontoriero G, Pozzoni P, Vocchio LD, Locatelli F. International Study of Health Care 
Organization and Financing for renal replacement therapy in Italy: an evolving reality. 
Int J Health Care Finance Econ. 2007;2-3:201-15. 

[11] Manns BJ, Mendelssohn DC, Taub KJ. The economics of end-stage renal disease care in 
Canada: incentives and impact on delivery of care. Int J Health Care Finance Econ. 
2007;7:149-69. 

[12] Hirth RA. The organization and financing of kidney dialysis and transplant care in the 
United States of America. Int J Health Care Finance Econ. 2007;7(4):301-18. 

[13] Harris A. The organization and funding of the treatment of end-stage renal disease in 
Australia. Int J Health Care Finance Econ. 2007;7:113-32. 

[14] Fukuhara S, Yamazaki C, Hayashino Y, Higashi T, Eichleay MA, Akiba T, et al. The 
organization and financing of end-stage renal disease treatment in Japan. Int J Health 
Care Finance Econ. 2007;7(2):217-31. 

[15] Durand-Zaleski I, Combe C, Lang P. International Study of Health Care Organization 
and Financing for end-stage renal disease in France Int J Health Care Finance Econ. 
2007;7(2-3):171-83. 

[16] Ashton T, Marshall MR. The organization and financing of dialysis and kidney 
transplantation services in New Zealand. Int J Health Care Finance Econ. 2007;7(4):233-
52. 

[17] Organ Donation [database on the internet]. NHSBT; 2012-[cited 2012 May 20]. Waiting 
time to transplant. Available from  
http://www.organdonation.nhs.uk/ukt/about_transplants/waiting_time_to_transplant/
waiting_time_to_transplant.asp 

[18] Organ Procurement and Transplantation Network [database on the internet].US 
department HHS;2012- [cited 2012 May 11] . Waiting Time by Kidney PRA. Available 
from http://optn.transplant.hrsa.gov/latestData/rptStrat.asp 

[19] Medina-Pestana JO. Organization of a High-Volume Kidney Transplant Program-
"Assembly Line" Approach. Transplantation. 2006;81:1510-20. 

[20] Vathsala A, Chow KT. Renal Transplantation in Singapore Ann Acad Med Singapore. 
2009;38:291-9. 

 
Higher Volume and Better Outcomes Relationship in Kidney Transplant 295 

[21] James F.Whiting FD, Paul Morrissey, Giacomo Basadonna, Scott Johnson, Richard 
Rohrer, Kevin O'Connor,et al. Clinical Result of an Organ Procurement Organization 
Effort to Increase Utilization of Donors after Cardiac Death. Transplantation. 
2006;81:1368-71. 

[22] Edwards EB, Roberts JP, McBride MA, Schulak JA, Hunsicker LG. The effect of the 
volume of procedures at transplantation centers on mortality after liver transplantation. 
N Engl J Med. 1999;341(27):2049-53. 

[23] Schurman SJ, Stablein DM, Perlman SA, Warady BA. Center volume effects in pediatric 
renal transplantation. A report of the North American Pediatric Renal Transplant 
Cooperative Study. Pediatric nephrology (Berlin, Germany). 1999;13(5):373-8. 

[24] Axelrod DA, Guidinger MK, McCullough KP, Leichtman AB, Punch JD, Merion RM. 
Association of center volume with outcome after liver and kidney transplantation. Am J 
Transplant. 2004;4(6):920-7. 

[25] Kim SJ, Schaubel DE, Jeffery JR, Fenton SS. Centre-specific variation in renal transplant 
outcomes in Canada. Nephrol Dial Transplant. 2004;19(7):1856-61. 

[26] Lin HM, Kauffman HM, McBride MA, Davies DB, Rosendale JD, Smith CM, et al. 
Center-specific graft and patient survival rates: 1997 United Network for Organ Sharing 
(UNOS) report. JAMA. 1998;280(13):1153-60. Epub 1998/10/20. 

[27] Hannan EL, Racz M, Ryan TJ, McCallister BD, Johnson LW, Arani DT, et al. Coronary 
angioplasty volume-outcome relationships for hospitals and cardiologists. JAMA. 
1997;277(11):892-8. 

[28] Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA, Lucas FL, Batista I, et al. Hospital 
volume and surgical mortality in the United States. N Engl J Med. 2002;346(15):1128-37. 

[29] Vakili BA, Kaplan R, Brown DL. Volume-outcome relation for physicians and hospitals 
performing angioplasty for acute myocardial infarction in New York state. Circulation. 
2001;104(18):2171-6. 

[30] Dudley RA, Johansen KL, Brand R, Rennie DJ, Milstein A. Selective referral to high-
volume hospitals: estimating potentially avoidable deaths. JAMA. 2000;283(9):1159-66. 

[31] Luft HS, Hunt SS, Maerki SC. The volume-outcome relationship: practice-makes-perfect 
or selective-referral patterns? Health Serv Res. 1987;22(2):157-82. 

[32] Flood AB, Scott WR, Ewy W. Does practice make perfect? Part II: The relation between 
volume and outcomes and other hospital characteristics. Med Care. 1984;22(2):115-25. 

[33] Flood AB, Scott WR, Ewy W. Does practice make perfect? Part I: The relation between 
hospital volume and outcomes for selected diagnostic categories. Med Care. 
1984;22(2):98-114. 

[34] Halm EA, Lees C, Chassin MR. How is volume related to quality of care? A systematic 
review of the research literature. In: Hewitt M, ed. Interpreting the volume-outcome 
relationship in the context of health care quality. Washington, DC: Institute of Medicine; 
2000. 

[35] Showstack JA, Rosenfeld KE, Garnick DW, Luft HS, Schaffarzick RW, Fowles J. 
Association of volume with outcome of coronary artery bypass graft surgery. 
Scheduled vs nonscheduled operations. JAMA. 1987;257(6):785-9. 



 
Current Concepts in Kidney Transplantation 294 

[6] Niu SF, Li IC. Quality of life of patients having renal replacement therapy. J advanced 
nursing. 2005;51(1):15-21. 

[7] Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LYC, Held PJ, et al. 
Comparison of Mortality in all patient on dialysis,patients on dialysis awaiting 
transplantation,and recipents of a first cadaveric transplant. N Engl J Med . 
1999;341:1725-30. 

[8] Biesen WV, Lameire N, Peeters P, Vanholder R. Belgium's mixed private/public health 
care system and its impact on the cost of end-stage renal disease. Int J Health Care 
Finance Econ. 2007;7:133-48. 

[9] Kleophas W, Reichel H. International study of health care organization and financing: 
development of renal replacement therapy in Germany. Int J Health Care Finance Econ. 
2007;7:185-200. 

[10] Pontoriero G, Pozzoni P, Vocchio LD, Locatelli F. International Study of Health Care 
Organization and Financing for renal replacement therapy in Italy: an evolving reality. 
Int J Health Care Finance Econ. 2007;2-3:201-15. 

[11] Manns BJ, Mendelssohn DC, Taub KJ. The economics of end-stage renal disease care in 
Canada: incentives and impact on delivery of care. Int J Health Care Finance Econ. 
2007;7:149-69. 

[12] Hirth RA. The organization and financing of kidney dialysis and transplant care in the 
United States of America. Int J Health Care Finance Econ. 2007;7(4):301-18. 

[13] Harris A. The organization and funding of the treatment of end-stage renal disease in 
Australia. Int J Health Care Finance Econ. 2007;7:113-32. 

[14] Fukuhara S, Yamazaki C, Hayashino Y, Higashi T, Eichleay MA, Akiba T, et al. The 
organization and financing of end-stage renal disease treatment in Japan. Int J Health 
Care Finance Econ. 2007;7(2):217-31. 

[15] Durand-Zaleski I, Combe C, Lang P. International Study of Health Care Organization 
and Financing for end-stage renal disease in France Int J Health Care Finance Econ. 
2007;7(2-3):171-83. 

[16] Ashton T, Marshall MR. The organization and financing of dialysis and kidney 
transplantation services in New Zealand. Int J Health Care Finance Econ. 2007;7(4):233-
52. 

[17] Organ Donation [database on the internet]. NHSBT; 2012-[cited 2012 May 20]. Waiting 
time to transplant. Available from  
http://www.organdonation.nhs.uk/ukt/about_transplants/waiting_time_to_transplant/
waiting_time_to_transplant.asp 

[18] Organ Procurement and Transplantation Network [database on the internet].US 
department HHS;2012- [cited 2012 May 11] . Waiting Time by Kidney PRA. Available 
from http://optn.transplant.hrsa.gov/latestData/rptStrat.asp 

[19] Medina-Pestana JO. Organization of a High-Volume Kidney Transplant Program-
"Assembly Line" Approach. Transplantation. 2006;81:1510-20. 

[20] Vathsala A, Chow KT. Renal Transplantation in Singapore Ann Acad Med Singapore. 
2009;38:291-9. 

 
Higher Volume and Better Outcomes Relationship in Kidney Transplant 295 

[21] James F.Whiting FD, Paul Morrissey, Giacomo Basadonna, Scott Johnson, Richard 
Rohrer, Kevin O'Connor,et al. Clinical Result of an Organ Procurement Organization 
Effort to Increase Utilization of Donors after Cardiac Death. Transplantation. 
2006;81:1368-71. 

[22] Edwards EB, Roberts JP, McBride MA, Schulak JA, Hunsicker LG. The effect of the 
volume of procedures at transplantation centers on mortality after liver transplantation. 
N Engl J Med. 1999;341(27):2049-53. 

[23] Schurman SJ, Stablein DM, Perlman SA, Warady BA. Center volume effects in pediatric 
renal transplantation. A report of the North American Pediatric Renal Transplant 
Cooperative Study. Pediatric nephrology (Berlin, Germany). 1999;13(5):373-8. 

[24] Axelrod DA, Guidinger MK, McCullough KP, Leichtman AB, Punch JD, Merion RM. 
Association of center volume with outcome after liver and kidney transplantation. Am J 
Transplant. 2004;4(6):920-7. 

[25] Kim SJ, Schaubel DE, Jeffery JR, Fenton SS. Centre-specific variation in renal transplant 
outcomes in Canada. Nephrol Dial Transplant. 2004;19(7):1856-61. 

[26] Lin HM, Kauffman HM, McBride MA, Davies DB, Rosendale JD, Smith CM, et al. 
Center-specific graft and patient survival rates: 1997 United Network for Organ Sharing 
(UNOS) report. JAMA. 1998;280(13):1153-60. Epub 1998/10/20. 

[27] Hannan EL, Racz M, Ryan TJ, McCallister BD, Johnson LW, Arani DT, et al. Coronary 
angioplasty volume-outcome relationships for hospitals and cardiologists. JAMA. 
1997;277(11):892-8. 

[28] Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA, Lucas FL, Batista I, et al. Hospital 
volume and surgical mortality in the United States. N Engl J Med. 2002;346(15):1128-37. 

[29] Vakili BA, Kaplan R, Brown DL. Volume-outcome relation for physicians and hospitals 
performing angioplasty for acute myocardial infarction in New York state. Circulation. 
2001;104(18):2171-6. 

[30] Dudley RA, Johansen KL, Brand R, Rennie DJ, Milstein A. Selective referral to high-
volume hospitals: estimating potentially avoidable deaths. JAMA. 2000;283(9):1159-66. 

[31] Luft HS, Hunt SS, Maerki SC. The volume-outcome relationship: practice-makes-perfect 
or selective-referral patterns? Health Serv Res. 1987;22(2):157-82. 

[32] Flood AB, Scott WR, Ewy W. Does practice make perfect? Part II: The relation between 
volume and outcomes and other hospital characteristics. Med Care. 1984;22(2):115-25. 

[33] Flood AB, Scott WR, Ewy W. Does practice make perfect? Part I: The relation between 
hospital volume and outcomes for selected diagnostic categories. Med Care. 
1984;22(2):98-114. 

[34] Halm EA, Lees C, Chassin MR. How is volume related to quality of care? A systematic 
review of the research literature. In: Hewitt M, ed. Interpreting the volume-outcome 
relationship in the context of health care quality. Washington, DC: Institute of Medicine; 
2000. 

[35] Showstack JA, Rosenfeld KE, Garnick DW, Luft HS, Schaffarzick RW, Fowles J. 
Association of volume with outcome of coronary artery bypass graft surgery. 
Scheduled vs nonscheduled operations. JAMA. 1987;257(6):785-9. 



 
Current Concepts in Kidney Transplantation 296 

[36] Farley DE, Ozminkowski RJ. Volume-outcome relationships and in-hospital mortality: 
the effect of changes in volume over time. Med Care. 1992;30(1):77-94. 

[37] Grumbach K, Anderson GM, Luft HS, Roos LL, Brook R. Regionalization of cardiac 
surgery in the United States and Canada. Geographic access, choice, and outcomes. 
JAMA. 1995;274(16):1282-8. 

[38] Hannan EL, Siu AL, Kumar D, Kilburn H, Jr., Chassin MR. The decline in coronary 
artery bypass graft surgery mortality in New York State. The role of surgeon volume. 
JAMA. 1995;273(3):209-13. 

[39] Hannan EL, O'Donnell JF, Kilburn H, Jr., Bernard HR, Yazici A. Investigation of the 
relationship between volume and mortality for surgical procedures performed in New 
York State hospitals. JAMA. 1989;262(4):503-10. 

[40] Hannan EL, Kilburn H, Jr., Bernard H, O'Donnell JF, Lukacik G, Shields EP. Coronary 
artery bypass surgery: the relationship between inhospital mortality rate and surgical 
volume after controlling for clinical risk factors. Med Care. 1991;29(11):1094-107. 

[41] Chang RK, Klitzner TS. Can regionalization decrease the number of deaths for children 
who undergo cardiac surgery? A theoretical analysis. Pediatrics. 2002;109(2):173-81. 

[42] Hannan EL, Popp AJ, Tranmer B, Fuestel P, Waldman J, Shah D. Relationship between 
provider volume and mortality for carotid endarterectomies in New York state. Stroke. 
1998;29(11):2292-7. 

[43] Sollano JA, Gelijns AC, Moskowitz AJ, Heitjan DF, Cullinane S, Saha T, et al. Volume-
outcome relationships in cardiovascular operations: New York State, 1990-1995. J 
Thorac Cardiovasc Surg. 1999;117(3):419-28. 

[44] Dimick JB, Pronovost PJ, Cowan JA, Ailawadi G, Upchurch GR, Jr. The volume-
outcome effect for abdominal aortic surgery: differences in case-mix or complications? 
Arch Surg. 2002;137(7):828-32. 

[45] Pronovost PJ, Jenckes MW, Dorman T, Garrett E, Breslow MJ, Rosenfeld BA, et al. 
Organizational characteristics of intensive care units related to outcomes of abdominal 
aortic surgery. JAMA. 1999;281(14):1310-7. 

[46] Solomon DH, Losina E, Baron JA, Fossel AH, Guadagnoli E, Lingard EA, et al. 
Contribution of hospital characteristics to the volume-outcome relationship: Dislocation 
and infection following total hip replacement surgery. Arthritis Rheum. 2002;46(9):2436-
44. 

[47] Matsen FA, 3rd. The relationship of surgical volume to quality of care: scientific 
considerations and policy implications. J Bone Joint Surg Am. 2002;84-A(8):1482-3. 

[48] Birkmeyer JD, Finlayson SR, Tosteson AN, Sharp SM, Warshaw AL, Fisher ES. Effect of 
hospital volume on in-hospital mortality with pancreaticoduodenectomy. Surgery. 
1999;125(3):250-6. 

[49] Gordon TA, Burleyson GP, Tielsch JM, Cameron JL. The effects of regionalization on 
cost and outcome for one general high-risk surgical procedure. Ann Surg. 
1995;221(1):43-9. 

[50] Gordon TA, Bowman HM, Bass EB, Lillemoe KD, Yeo CJ, Heitmiller RF, et al. Complex 
gastrointestinal surgery: impact of provider experience on clinical and economic 
outcomes. J Am Coll Surg. 1999;189(1):46-56. 

 
Higher Volume and Better Outcomes Relationship in Kidney Transplant 297 

[51] Simunovic M, To T, Theriault M, Langer B. Relation between hospital surgical volume 
and outcome for pancreatic resection for neoplasm in a publicly funded health care 
system. Cmaj. 1999;160(5):643-8. 

[52] Sosa JA, Bowman HM, Gordon TA, Bass EB, Yeo CJ, Lillemoe KD, et al. Importance of 
hospital volume in the overall management of pancreatic cancer. Ann Surg. 
1998;228(3):429-38. 

[53] Begg CB, Cramer LD, Hoskins WJ, Brennan MF. Impact of hospital volume on operative 
mortality for major cancer surgery. JAMA. 1998;280(20):1747-51. 

[54] Patti MG, Corvera CU, Glasgow RE, Way LW. A hospital's annual rate of 
esophagectomy influences the operative mortality rate. J Gastrointest Surg. 
1998;2(2):186-92. 

[55] Luft HS, Bunker JP, Enthoven AC. Should operations be regionalized? The empirical 
relation between surgical volume and mortality. N Engl J Med. 1979;301(25):1364-9. 

[56] Khuri SF, Daley J, Henderson W, Hur K, Demakis J, Aust JB, et al. The Department of 
Veterans Affairs' NSQIP: the first national, validated, outcome-based, risk-adjusted, and 
peer-controlled program for the measurement and enhancement of the quality of 
surgical care. National VA Surgical Quality Improvement Program. Ann Surg. 
1998;228(4):491-507. 

[57] Hlatky MA, Dudley RA. Operator volume and clinical outcomes of primary coronary 
angioplasty for patients with acute myocardial infarction. Circulation. 
2001;104(18):2155-7. 

[58] Hamilton SM, Johnston WC, Voaklander DC. Outcomes after the regionalization of 
major surgical procedures in the Alberta Capital Health Region (Edmonton). Can J 
Surg. 2001;44(1):51-8. 

[59] Halm EA, Lee C, Chassin MR. Is volume related to outcome in health care? A 
systematic review and methodologic critique of the literature. Ann Intern Med. 
2002;137(6):511-20. 

[60] Luft HS. The relation between surgical volume and mortality: an exploration of causal 
factors and alternative models. Med Care. 1980;18(9):940-59. 

[61] Hannan EL, Stone CC, Biddle TL, DeBuono BA. Public release of cardiac surgery 
outcomes data in New York: what do New York state cardiologists think of it? Am 
Heart J. 1997;134(6):1120-8. 

[62] Schneider EC, Epstein AM. Influence of cardiac-surgery performance reports on referral 
practices and access to care. A survey of cardiovascular specialists. N Engl J Med. 
1996;335(4):251-6. 

[63] Chassin MR, Hannan EL, DeBuono BA. Benefits and hazards of reporting medical 
outcomes publicly. N Engl J Med. 1996;334(6):394-8. 

[64] Chen J, Radford MJ, Wang Y, Marciniak TA, Krumholz HM. Do "America's Best 
Hospitals" perform better for acute myocardial infarction? N Engl J Med. 
1999;340(4):286-92. 

[65] Canto JG, Every NR, Magid DJ, Rogers WJ, Malmgren JA, Frederick PD, et al. The 
volume of primary angioplasty procedures and survival after acute myocardial 



 
Current Concepts in Kidney Transplantation 296 

[36] Farley DE, Ozminkowski RJ. Volume-outcome relationships and in-hospital mortality: 
the effect of changes in volume over time. Med Care. 1992;30(1):77-94. 

[37] Grumbach K, Anderson GM, Luft HS, Roos LL, Brook R. Regionalization of cardiac 
surgery in the United States and Canada. Geographic access, choice, and outcomes. 
JAMA. 1995;274(16):1282-8. 

[38] Hannan EL, Siu AL, Kumar D, Kilburn H, Jr., Chassin MR. The decline in coronary 
artery bypass graft surgery mortality in New York State. The role of surgeon volume. 
JAMA. 1995;273(3):209-13. 

[39] Hannan EL, O'Donnell JF, Kilburn H, Jr., Bernard HR, Yazici A. Investigation of the 
relationship between volume and mortality for surgical procedures performed in New 
York State hospitals. JAMA. 1989;262(4):503-10. 

[40] Hannan EL, Kilburn H, Jr., Bernard H, O'Donnell JF, Lukacik G, Shields EP. Coronary 
artery bypass surgery: the relationship between inhospital mortality rate and surgical 
volume after controlling for clinical risk factors. Med Care. 1991;29(11):1094-107. 

[41] Chang RK, Klitzner TS. Can regionalization decrease the number of deaths for children 
who undergo cardiac surgery? A theoretical analysis. Pediatrics. 2002;109(2):173-81. 

[42] Hannan EL, Popp AJ, Tranmer B, Fuestel P, Waldman J, Shah D. Relationship between 
provider volume and mortality for carotid endarterectomies in New York state. Stroke. 
1998;29(11):2292-7. 

[43] Sollano JA, Gelijns AC, Moskowitz AJ, Heitjan DF, Cullinane S, Saha T, et al. Volume-
outcome relationships in cardiovascular operations: New York State, 1990-1995. J 
Thorac Cardiovasc Surg. 1999;117(3):419-28. 

[44] Dimick JB, Pronovost PJ, Cowan JA, Ailawadi G, Upchurch GR, Jr. The volume-
outcome effect for abdominal aortic surgery: differences in case-mix or complications? 
Arch Surg. 2002;137(7):828-32. 

[45] Pronovost PJ, Jenckes MW, Dorman T, Garrett E, Breslow MJ, Rosenfeld BA, et al. 
Organizational characteristics of intensive care units related to outcomes of abdominal 
aortic surgery. JAMA. 1999;281(14):1310-7. 

[46] Solomon DH, Losina E, Baron JA, Fossel AH, Guadagnoli E, Lingard EA, et al. 
Contribution of hospital characteristics to the volume-outcome relationship: Dislocation 
and infection following total hip replacement surgery. Arthritis Rheum. 2002;46(9):2436-
44. 

[47] Matsen FA, 3rd. The relationship of surgical volume to quality of care: scientific 
considerations and policy implications. J Bone Joint Surg Am. 2002;84-A(8):1482-3. 

[48] Birkmeyer JD, Finlayson SR, Tosteson AN, Sharp SM, Warshaw AL, Fisher ES. Effect of 
hospital volume on in-hospital mortality with pancreaticoduodenectomy. Surgery. 
1999;125(3):250-6. 

[49] Gordon TA, Burleyson GP, Tielsch JM, Cameron JL. The effects of regionalization on 
cost and outcome for one general high-risk surgical procedure. Ann Surg. 
1995;221(1):43-9. 

[50] Gordon TA, Bowman HM, Bass EB, Lillemoe KD, Yeo CJ, Heitmiller RF, et al. Complex 
gastrointestinal surgery: impact of provider experience on clinical and economic 
outcomes. J Am Coll Surg. 1999;189(1):46-56. 

 
Higher Volume and Better Outcomes Relationship in Kidney Transplant 297 

[51] Simunovic M, To T, Theriault M, Langer B. Relation between hospital surgical volume 
and outcome for pancreatic resection for neoplasm in a publicly funded health care 
system. Cmaj. 1999;160(5):643-8. 

[52] Sosa JA, Bowman HM, Gordon TA, Bass EB, Yeo CJ, Lillemoe KD, et al. Importance of 
hospital volume in the overall management of pancreatic cancer. Ann Surg. 
1998;228(3):429-38. 

[53] Begg CB, Cramer LD, Hoskins WJ, Brennan MF. Impact of hospital volume on operative 
mortality for major cancer surgery. JAMA. 1998;280(20):1747-51. 

[54] Patti MG, Corvera CU, Glasgow RE, Way LW. A hospital's annual rate of 
esophagectomy influences the operative mortality rate. J Gastrointest Surg. 
1998;2(2):186-92. 

[55] Luft HS, Bunker JP, Enthoven AC. Should operations be regionalized? The empirical 
relation between surgical volume and mortality. N Engl J Med. 1979;301(25):1364-9. 

[56] Khuri SF, Daley J, Henderson W, Hur K, Demakis J, Aust JB, et al. The Department of 
Veterans Affairs' NSQIP: the first national, validated, outcome-based, risk-adjusted, and 
peer-controlled program for the measurement and enhancement of the quality of 
surgical care. National VA Surgical Quality Improvement Program. Ann Surg. 
1998;228(4):491-507. 

[57] Hlatky MA, Dudley RA. Operator volume and clinical outcomes of primary coronary 
angioplasty for patients with acute myocardial infarction. Circulation. 
2001;104(18):2155-7. 

[58] Hamilton SM, Johnston WC, Voaklander DC. Outcomes after the regionalization of 
major surgical procedures in the Alberta Capital Health Region (Edmonton). Can J 
Surg. 2001;44(1):51-8. 

[59] Halm EA, Lee C, Chassin MR. Is volume related to outcome in health care? A 
systematic review and methodologic critique of the literature. Ann Intern Med. 
2002;137(6):511-20. 

[60] Luft HS. The relation between surgical volume and mortality: an exploration of causal 
factors and alternative models. Med Care. 1980;18(9):940-59. 

[61] Hannan EL, Stone CC, Biddle TL, DeBuono BA. Public release of cardiac surgery 
outcomes data in New York: what do New York state cardiologists think of it? Am 
Heart J. 1997;134(6):1120-8. 

[62] Schneider EC, Epstein AM. Influence of cardiac-surgery performance reports on referral 
practices and access to care. A survey of cardiovascular specialists. N Engl J Med. 
1996;335(4):251-6. 

[63] Chassin MR, Hannan EL, DeBuono BA. Benefits and hazards of reporting medical 
outcomes publicly. N Engl J Med. 1996;334(6):394-8. 

[64] Chen J, Radford MJ, Wang Y, Marciniak TA, Krumholz HM. Do "America's Best 
Hospitals" perform better for acute myocardial infarction? N Engl J Med. 
1999;340(4):286-92. 

[65] Canto JG, Every NR, Magid DJ, Rogers WJ, Malmgren JA, Frederick PD, et al. The 
volume of primary angioplasty procedures and survival after acute myocardial 



 
Current Concepts in Kidney Transplantation 298 

infarction. National Registry of Myocardial Infarction 2 Investigators. N Engl J Med. 
2000;342(21):1573-80. 

[66] Hannan EL, Popp AJ, Feustel P, Halm E, Bernardini G, Waldman J, et al. Association of 
surgical specialty and processes of care with patient outcomes for carotid 
endarterectomy. Stroke. 2001;32(12):2890-7. 

[67] Donabedian A. Evaluating the quality of medical care. Milbank Mem Fund Q. 
1966;44(3):166-206. 

[68] The U.S. Organ Procurement and Transplantation Network and the Scientific Registry 
of Transplant Recipients. The 2010 OPTN / SRTR Annual Report: Transplant Data 2000-
2009. Available from http://www.srtr.org/annual_reports/2010/ 

[69] Tsao SY, Lee WC, Loong CC, Chen TJ, Chiu JH, Tai LC. High-surgical-volume hospitals 
associated with better quality and lower cost of kidney transplantation in Taiwan. 
Journal of the Chinese Medical Association : JCMA. 2011;74(1):22-7. Epub 2011/02/05. 

[70] Epstein AM. Volume and outcome--it is time to move ahead. N Engl J Med. 
2002;346(15):1161-4. 

[71] Nallamothu BK, Saint S, Eagle KA. Volume and outcome. N Engl J Med. 
2002;347(9):693-6. 

[72] Urschel JD, Urschel DM. The hospital volume-outcome relationship in general thoracic 
surgery. Is the surgeon the critical determinant? J Cardiovasc Surg (Torino). 
2000;41(1):153-5. 

[73] Birkmeyer JD, Finlayson EV, Birkmeyer CM. Volume standards for high-risk surgical 
procedures: potential benefits of the Leapfrog initiative. Surgery. 2001;130(3):415-22. 

[74] Birkmeyer JD, Skinner JS, Wennberg DE. Will volume-based referral strategies reduce 
costs orjust save lives? Health Aff (Millwood). 2002;21(5):234-41. 

[75] Chassin MR. Assessing strategies for quality improvement. Health Aff (Millwood). 
1997;16(3):151-61. 

[76] Krakauer H, Shekar SS, Kaye MP. The relationship of clinical outcomes to status as a 
Medicare-approved heart transplant center. Transplantation. 1995;59(6):840-6. 

[77] Gordon TA, Bowman HM, Tielsch JM, Bass EB, Burleyson GP, Cameron JL. Statewide 
regionalization of pancreaticoduodenectomy and its effect on in-hospital mortality. Ann 
Surg. 1998;228(1):71-8. 

[78] Robinson JL, Nash DB, Moxey E, O'Connor JP. Certificate of need and the quality of 
cardiac surgery. Am J Med Qual. 2001;16(5):155-60. 

[79] Dudley RA, Johansen KL. Invited commentary: Physician responses to purchaser 
quality initiatives for surgical procedures. Surgery. 2001;130(3):425-8. 

[80] Milstein A, Galvin RS, Delbanco SF, Salber P, Buck CR, Jr. Improving the safety of 
health care: the leapfrog initiative. Eff Clin Pract. 2000;3(6):313-6. 

[81] Gjertson DW, Terasaki PI. The large center variation in half-lives of kidney transplants. 
Transplantation. 1992;53(2):357-62. Epub 1992/02/01. 

[82] Gjertson DW, Terasaki PI, Cecka JM, Takemoto S. Reduction of the center effect by HLA 
matching. Transplantation proceedings. 1993;25(1 Pt 1):215-6. Epub 1993/02/01. 

[83] Cho YW, Cecka JM. Center effect in the UNOS Renal Transplant Registry. Clinical 
transplants. 1992:333-46. Epub 1992/01/01. 

 
Higher Volume and Better Outcomes Relationship in Kidney Transplant 299 

[84] Cho YW, Cecka JM. Organ Procurement Organization and transplant center effects on 
cadaver renal transplant outcomes. Clinical transplants. 1996:427-41. Epub 1996/01/01. 

[85] Benlahrache C, Cecka M, Mickey MR, Cicciarelli J. The center effect. Clinical 
transplants. 1987:325-37. Epub 1987/01/01. 

[86] Porte RJ, Ploeg RJ, Hansen B, van Bockel JH, Thorogood J, Persijn GG, et al. Long-term 
graft survival after liver transplantation in the UW era: late effects of cold ischemia and 
primary dysfunction. European Multicentre Study Group. Transplant international : 
official journal of the European Society for Organ Transplantation. 1998;11 Suppl 
1:S164-7. Epub 1998/07/17. 

[87] Evans RW, Manninen DL, Dong F. The center effect in kidney transplantation. 
Transplantation proceedings. 1991;23(1 Pt 2):1315-7. 

[88] Morris PJ, Johnson RJ, Fuggle SV, Belger MA, Briggs JD. Analysis of factors that affect 
outcome of primary cadaveric renal transplantation in the UK. HLA Task Force of the 
Kidney Advisory Group of the United Kingdom Transplant Support Service Authority 
(UKTSSA). Lancet. 1999;354(9185):1147-52. Epub 1999/10/08. 

[89] Schaubel DE, Jeffery JR, Mao Y, Semenciw R, Yeates K, Fenton SS. Trends in mortality 
and graft failure for renal transplant patients. Cmaj. 2002;167(2):137-42. Epub 
2002/08/06. 

[90] Hariharan S, Johnson CP, Bresnahan BA, Taranto SE, McIntosh MJ, Stablein D. 
Improved graft survival after renal transplantation in the United States, 1988 to 1996. N 
Engl J Med. 2000;342(9):605-12. Epub 2000/03/04. 

[91] Rosemurgy AS, Bloomston M, Serafini FM, Coon B, Murr MM, Carey LC. Frequency 
with which surgeons undertake pancreaticoduodenectomy determines length of stay, 
hospital charges, and in-hospital mortality. J Gastrointest Surg. 2001;5(1):21-6. 

[92] Nallamothu BK, Saint S, Ramsey SD, Hofer TP, Vijan S, Eagle KA. The role of hospital 
volume in coronary artery bypass grafting: is more always better? J Am Coll Cardiol. 
2001;38(7):1923-30. 

[93] Siegel E, Gillings D, Campbell S, Guild P. A controlled evaluation of rural regional 
perinatal care: impact on mortality and morbidity. Am J Public Health. 1985;75(3):246-
53. 

[94] Finlayson SR, Birkmeyer JD, Tosteson AN, Nease RF, Jr. Patient preferences for location 
of care: implications for regionalization. Med Care. 1999;37(2):204-9. 

[95] Nathens AB, Jurkovich GJ, Maier RV, Grossman DC, MacKenzie EJ, Moore M, et al. 
Relationship between trauma center volume and outcomes. JAMA. 2001;285(9):1164-71. 

[96] Nathens AB, Maier RV. The relationship between trauma center volume and outcome. 
Adv Surg. 2001;35:61-75. 

[97] Birkmeyer JD. Should we regionalize major surgery? Potential benefits and policy 
considerations. J Am Coll Surg. 2000;190(3):341-9. 

[98] Chassin MR, Kosecoff J, Park RE, Winslow CM, Kahn KL, Merrick NJ, et al. Does 
inappropriate use explain geographic variations in the use of health care services? A 
study of three procedures. JAMA. 1987;258(18):2533-7. 



 
Current Concepts in Kidney Transplantation 298 

infarction. National Registry of Myocardial Infarction 2 Investigators. N Engl J Med. 
2000;342(21):1573-80. 

[66] Hannan EL, Popp AJ, Feustel P, Halm E, Bernardini G, Waldman J, et al. Association of 
surgical specialty and processes of care with patient outcomes for carotid 
endarterectomy. Stroke. 2001;32(12):2890-7. 

[67] Donabedian A. Evaluating the quality of medical care. Milbank Mem Fund Q. 
1966;44(3):166-206. 

[68] The U.S. Organ Procurement and Transplantation Network and the Scientific Registry 
of Transplant Recipients. The 2010 OPTN / SRTR Annual Report: Transplant Data 2000-
2009. Available from http://www.srtr.org/annual_reports/2010/ 

[69] Tsao SY, Lee WC, Loong CC, Chen TJ, Chiu JH, Tai LC. High-surgical-volume hospitals 
associated with better quality and lower cost of kidney transplantation in Taiwan. 
Journal of the Chinese Medical Association : JCMA. 2011;74(1):22-7. Epub 2011/02/05. 

[70] Epstein AM. Volume and outcome--it is time to move ahead. N Engl J Med. 
2002;346(15):1161-4. 

[71] Nallamothu BK, Saint S, Eagle KA. Volume and outcome. N Engl J Med. 
2002;347(9):693-6. 

[72] Urschel JD, Urschel DM. The hospital volume-outcome relationship in general thoracic 
surgery. Is the surgeon the critical determinant? J Cardiovasc Surg (Torino). 
2000;41(1):153-5. 

[73] Birkmeyer JD, Finlayson EV, Birkmeyer CM. Volume standards for high-risk surgical 
procedures: potential benefits of the Leapfrog initiative. Surgery. 2001;130(3):415-22. 

[74] Birkmeyer JD, Skinner JS, Wennberg DE. Will volume-based referral strategies reduce 
costs orjust save lives? Health Aff (Millwood). 2002;21(5):234-41. 

[75] Chassin MR. Assessing strategies for quality improvement. Health Aff (Millwood). 
1997;16(3):151-61. 

[76] Krakauer H, Shekar SS, Kaye MP. The relationship of clinical outcomes to status as a 
Medicare-approved heart transplant center. Transplantation. 1995;59(6):840-6. 

[77] Gordon TA, Bowman HM, Tielsch JM, Bass EB, Burleyson GP, Cameron JL. Statewide 
regionalization of pancreaticoduodenectomy and its effect on in-hospital mortality. Ann 
Surg. 1998;228(1):71-8. 

[78] Robinson JL, Nash DB, Moxey E, O'Connor JP. Certificate of need and the quality of 
cardiac surgery. Am J Med Qual. 2001;16(5):155-60. 

[79] Dudley RA, Johansen KL. Invited commentary: Physician responses to purchaser 
quality initiatives for surgical procedures. Surgery. 2001;130(3):425-8. 

[80] Milstein A, Galvin RS, Delbanco SF, Salber P, Buck CR, Jr. Improving the safety of 
health care: the leapfrog initiative. Eff Clin Pract. 2000;3(6):313-6. 

[81] Gjertson DW, Terasaki PI. The large center variation in half-lives of kidney transplants. 
Transplantation. 1992;53(2):357-62. Epub 1992/02/01. 

[82] Gjertson DW, Terasaki PI, Cecka JM, Takemoto S. Reduction of the center effect by HLA 
matching. Transplantation proceedings. 1993;25(1 Pt 1):215-6. Epub 1993/02/01. 

[83] Cho YW, Cecka JM. Center effect in the UNOS Renal Transplant Registry. Clinical 
transplants. 1992:333-46. Epub 1992/01/01. 

 
Higher Volume and Better Outcomes Relationship in Kidney Transplant 299 

[84] Cho YW, Cecka JM. Organ Procurement Organization and transplant center effects on 
cadaver renal transplant outcomes. Clinical transplants. 1996:427-41. Epub 1996/01/01. 

[85] Benlahrache C, Cecka M, Mickey MR, Cicciarelli J. The center effect. Clinical 
transplants. 1987:325-37. Epub 1987/01/01. 

[86] Porte RJ, Ploeg RJ, Hansen B, van Bockel JH, Thorogood J, Persijn GG, et al. Long-term 
graft survival after liver transplantation in the UW era: late effects of cold ischemia and 
primary dysfunction. European Multicentre Study Group. Transplant international : 
official journal of the European Society for Organ Transplantation. 1998;11 Suppl 
1:S164-7. Epub 1998/07/17. 

[87] Evans RW, Manninen DL, Dong F. The center effect in kidney transplantation. 
Transplantation proceedings. 1991;23(1 Pt 2):1315-7. 

[88] Morris PJ, Johnson RJ, Fuggle SV, Belger MA, Briggs JD. Analysis of factors that affect 
outcome of primary cadaveric renal transplantation in the UK. HLA Task Force of the 
Kidney Advisory Group of the United Kingdom Transplant Support Service Authority 
(UKTSSA). Lancet. 1999;354(9185):1147-52. Epub 1999/10/08. 

[89] Schaubel DE, Jeffery JR, Mao Y, Semenciw R, Yeates K, Fenton SS. Trends in mortality 
and graft failure for renal transplant patients. Cmaj. 2002;167(2):137-42. Epub 
2002/08/06. 

[90] Hariharan S, Johnson CP, Bresnahan BA, Taranto SE, McIntosh MJ, Stablein D. 
Improved graft survival after renal transplantation in the United States, 1988 to 1996. N 
Engl J Med. 2000;342(9):605-12. Epub 2000/03/04. 

[91] Rosemurgy AS, Bloomston M, Serafini FM, Coon B, Murr MM, Carey LC. Frequency 
with which surgeons undertake pancreaticoduodenectomy determines length of stay, 
hospital charges, and in-hospital mortality. J Gastrointest Surg. 2001;5(1):21-6. 

[92] Nallamothu BK, Saint S, Ramsey SD, Hofer TP, Vijan S, Eagle KA. The role of hospital 
volume in coronary artery bypass grafting: is more always better? J Am Coll Cardiol. 
2001;38(7):1923-30. 

[93] Siegel E, Gillings D, Campbell S, Guild P. A controlled evaluation of rural regional 
perinatal care: impact on mortality and morbidity. Am J Public Health. 1985;75(3):246-
53. 

[94] Finlayson SR, Birkmeyer JD, Tosteson AN, Nease RF, Jr. Patient preferences for location 
of care: implications for regionalization. Med Care. 1999;37(2):204-9. 

[95] Nathens AB, Jurkovich GJ, Maier RV, Grossman DC, MacKenzie EJ, Moore M, et al. 
Relationship between trauma center volume and outcomes. JAMA. 2001;285(9):1164-71. 

[96] Nathens AB, Maier RV. The relationship between trauma center volume and outcome. 
Adv Surg. 2001;35:61-75. 

[97] Birkmeyer JD. Should we regionalize major surgery? Potential benefits and policy 
considerations. J Am Coll Surg. 2000;190(3):341-9. 

[98] Chassin MR, Kosecoff J, Park RE, Winslow CM, Kahn KL, Merrick NJ, et al. Does 
inappropriate use explain geographic variations in the use of health care services? A 
study of three procedures. JAMA. 1987;258(18):2533-7. 



 
Current Concepts in Kidney Transplantation 300 

[99] Leape LL, Park RE, Solomon DH, Chassin MR, Kosecoff J, Brook RH. Does 
inappropriate use explain small-area variations in the use of health care services? 
JAMA. 1990;263(5):669-72. 

Chapter 15 

 

 

 
 

© 2012 Kapur et al., licensee InTech. This is an open access chapter distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Expanding Opportunities  
for Kidney Transplantation 

Cheguevara Afaneh, Meredith J. Aull, Anthony Watkins,  
Jim Kim and Sandip Kapur 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/54219 

1. Introduction 

Despite the increased use of living donors and marginal donor kidneys, there still exists a 
significant discrepancy between the organ supply and demand in renal transplantation [1]. 
This has led to excessive waiting times affecting patient survival. More than half of all 
patients with end-stage renal disease (ESRD) over the age of 60 die before receiving a kidney 
transplant [2]. These patients face a mortality rate of 6% per year while awaiting an 
acceptable donor. Thus, transplant surgeons and physicians have turned to other potential 
sources of allografts to meet the ever growing demand. Potential resources include 
maximizing the utilization of pediatric donors, increasing use of marginal donors, and 
transplanting hepatitis C (HCV) positive donor kidneys into HCV positive recipients. 
Finally, the advent of kidney paired donation has significantly improved and maximized 
the use of living donor renal transplants. 

The following chapter will discuss these sources of allografts and their associated outcomes. 
The goal of these donors is to maximize the potential opportunities for any patient on the 
deceased donor waiting list. Ultimately, these modalities will lead to improved patient 
survival and slightly offset the burden of the deceased donor waitlist. 

2. Pediatric donor 

2.1. Introduction 

The first attempt at using pediatric donors was in 1972 when en bloc kidneys were 
successfully transplanted in adult recipients [3]. By the late 1990’s, single pediatric donors 
were being successfully transplanted into adult recipients [4, 5]. This use of pediatric donors 
in adults has not disadvantaged the pediatric recipient population. In 2005, the United 

© 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



 
Current Concepts in Kidney Transplantation 300 

[99] Leape LL, Park RE, Solomon DH, Chassin MR, Kosecoff J, Brook RH. Does 
inappropriate use explain small-area variations in the use of health care services? 
JAMA. 1990;263(5):669-72. 

Chapter 15 

 

 

 
 

© 2012 Kapur et al., licensee InTech. This is an open access chapter distributed under the terms of the 
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Expanding Opportunities  
for Kidney Transplantation 

Cheguevara Afaneh, Meredith J. Aull, Anthony Watkins,  
Jim Kim and Sandip Kapur 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/54219 

1. Introduction 

Despite the increased use of living donors and marginal donor kidneys, there still exists a 
significant discrepancy between the organ supply and demand in renal transplantation [1]. 
This has led to excessive waiting times affecting patient survival. More than half of all 
patients with end-stage renal disease (ESRD) over the age of 60 die before receiving a kidney 
transplant [2]. These patients face a mortality rate of 6% per year while awaiting an 
acceptable donor. Thus, transplant surgeons and physicians have turned to other potential 
sources of allografts to meet the ever growing demand. Potential resources include 
maximizing the utilization of pediatric donors, increasing use of marginal donors, and 
transplanting hepatitis C (HCV) positive donor kidneys into HCV positive recipients. 
Finally, the advent of kidney paired donation has significantly improved and maximized 
the use of living donor renal transplants. 

The following chapter will discuss these sources of allografts and their associated outcomes. 
The goal of these donors is to maximize the potential opportunities for any patient on the 
deceased donor waiting list. Ultimately, these modalities will lead to improved patient 
survival and slightly offset the burden of the deceased donor waitlist. 

2. Pediatric donor 

2.1. Introduction 

The first attempt at using pediatric donors was in 1972 when en bloc kidneys were 
successfully transplanted in adult recipients [3]. By the late 1990’s, single pediatric donors 
were being successfully transplanted into adult recipients [4, 5]. This use of pediatric donors 
in adults has not disadvantaged the pediatric recipient population. In 2005, the United 

© 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



 
Current Concepts in Kidney Transplantation 302 

Network for Organ Sharing (UNOS) mandated that pediatric recipients will be prioritized 
young adult deceased donor kidneys known as the Share-35 policy [6]. 

Pediatric kidneys can be transplanted as individual organs or en-bloc as dual kidneys. Some 
strongly advocated the use of single kidneys from pediatric donors, as opposed to en-bloc 
transplantation, to avoid the potential for technical complications [7]. Additionally, opponents 
of single pediatric donor kidney argue that the hyperfiltration syndrome associated with 
single kidneys leads to early graft failure in adult recipients [8, 9]. Pediatric donor size has 
been implicated as one of the important risks for graft failure. Initial studies demonstrated that 
technical complications, most notably graft thrombosis, was significantly higher in small 
pediatric donors (<10 kg) [9]. Moreover, as a result, pediatric donors represent the highest 
discard group with rates approaching 40% in donors less than 10 kg.  

In the following sections, we will discuss the advantages and disadvantages of the various 
types of pediatric donors. Short and long-term outcomes will be discussed with attention to 
perioperative outcomes associated with each. 

2.2. Small pediatric donor 

Several groups, including our own, have demonstrated the safety and feasibility of using 
young and small pediatric donors. Initial concerns regarding the use of these donors were 
related to both technical complications and allograft function. Given the high discard rate in 
this group, a discussion of their proper utilization and outcomes is important. 

Small pediatric donors, defined as weighing <10 kg and ages 5 years or younger, have been 
successfully transplanted into adult recipients. Balachandran et al. described a successful 
series of 27 small pediatric donors transplanted into adult recipients weighing >60 kg [10]. 
All kidneys were transplanted as single kidneys both with and without aortic cuffs (Carrel 
patch, Figure 1), with an end-to-side anastomosis to the recipient external iliac vessels. The 
majority of patients underwent rabbit antithymocyte globulin (r-ATG) induction therapy. In 
this series, no patient experienced a vascular complication and only 2 kidneys had primary 
non-function (both from the same donor). Patient and graft survival in this cohort at 2 years 
were 100% and 92.5%, respectively, which was not significantly different to their 
comparison group of standard adult kidney recipients of adult deceased donor kidneys. 
Borboroglu et al. also described a successful series of 15 single pediatric donors less than 2 
years of age transplanted into adult recipients [11]. The 2 years graft survival rate was 93% 
with a vascular thrombosis rate of 6.7%. 

In a review of over 12,000 pediatric donors, Bresnahan et al. demonstrate inferior graft 
survival in recipients of these kidneys compared to standard adult donors [8]. Pediatric 
donors 5 years of age or younger had the worst 1 year graft survival (76.3% in en-bloc 
kidney recipients and 72.2% in single kidney recipient). In this series, pediatric donors had a 
graft thrombosis rate of 10% in donors 5 years of age or less, 6% in donors aged 6 to 11 
years, and 5% in donors aged 12-17 years. The rate of primary non-function was 5%. Others 
have also described the increased incidence of vascular complications in these young and 
small pediatric donors [12]. 
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Figure 1. A pediatric kidney is implanted into the external iliac artery with the use of a Carrel patch. 

The inferior outcome of small pediatric donors was partly explained in the past by 
hyperfiltration injury. Hyperfiltration injury describes the compensatory mechanisms in the 
pediatric kidney that increase the glomerular capillary pressure in response to the 
inadequate filtration ability of the small graft. This concept was used to explain why 
transplanting en-bloc pediatric donors lead to improved outcomes as more “renal mass” 
was transplanted [8, 9]. However, opponents of this approach cite that en-bloc 
transplantation is a technically more challenging procedure with a relatively high surgical 
complication rate as well as a graft thrombosis rate of >10% [10, 13].  

2.3. En-bloc vs. single kidney transplantation 

Initial transplants from pediatric donors consisted of en-bloc transplantation in the recipient 
(Figure 2). As previously stated, this was described in 1972, and was the primary method 
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used for several years [3]. Solitary pediatric renal allografts were then later performed in the 
1990’s. The initial concerns regarding the use of single pediatric donors were two-fold: 
technical complications and poor graft survival.  

 
Figure 2. En-bloc pediatric kidney transplant. The following figure depicts en-bloc transplantation of 
pediatric kidneys into an adult recipient. The anastomosis is performed to the external iliac artery. The 
donor aorta and inferior vena cava are anastomosed to the recipient vessels as shown. 

Technical concerns regarding the use of single pediatric donors were the major concerns 
initially. Bresnahan and colleagues found that recipients of en-bloc pediatric donor 
allografts were less likely to develop graft thrombosis compared to single pediatric donor 
allografts (OR 0.688, P<0.01) [8]. A series of 20 en-bloc pediatric donor allografts 
demonstrated no vascular complications [14]. Borboroglu et al. compared 15 single pediatric 
donors to 33 en-bloc pediatric donors [11]. Four recipients of en-bloc pediatric donors 
experienced arterial thrombosis, whereas only one recipient of a single pediatric donor 
developed arterial thrombosis. Moreover, three recipients of en-bloc pediatric donors 
experienced ureteral complications, whereas none occurred in the single pediatric donor 
group. In a series of 27 single pediatric donor allografts, no recipient developed vascular 
thrombosis postoperatively [10].  
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Inferior graft survival has also been implicated as a reason to avoid using single pediatric 
donors. The initial studies by Bresnahan et al. demonstrated poorer graft survival in 
recipients of single versus en-bloc pediatric donor allografts at 1 year (72.2% versus 76.3%, 
respectively [8]. Additionally, a study utilizing the Scientific Registry of Transplant Recipients 
(SRTR) data demonstrated that recipients of single pediatric donors had a 78% increased risk 
of graft loss compared to en-bloc donors [9]. Graft survival of en-bloc pediatric donor 
allografts was similar to standard deceased donors. However, a more recent analysis of the 
SRTR database demonstrated that single pediatric donors >35 kg had similar graft survival to 
SCD [15]. Moreover, graft survival of single pediatric donors 10-35 kg was similar to SCDs. A 
later study by Balachandran et al. demonstrated better outcomes than their initial studies. The 
2 years graft survival rate in single pediatric donor recipients had improved to 92.5% [10]. 
Similarly, Borboroglu et al. demonstrated similar graft survival between single versus en-bloc 
pediatric donor allografts [11]. Effectively, the use of single pediatric donors compared to en-
bloc pediatric donors has resulted in more cumulative graft years in recipients.  

3. Marginal donor kidneys 

3.1. Overview 

The lack of available kidneys for transplantation in ESRD has lead to an increase use of 
suboptimal donors. As a result, more institutions are using expanded criteria donors (ECD) 
and deceased after cardiac death donors (DCD), sometimes referred to as marginal donors, 
to lessen the shortage [16-19]. The increased utilization of these organs has expanded the 
donor pool by 30% [19]. Nevertheless, there has been a concomitant increase in the rate of 
delayed graft function (DGF) and even primary non-function in DCD grafts [16-18]. 
Utilization of these kidneys may contribute to the donor pool, although it is important to 
maximize the outcomes of these allografts. 

3.2. Hypothermic machine perfusion 

Towards the end of the twentieth century, static cold storage was introduced to preserve 
kidneys procured from deceased donors, which lead to a decreased incidence of DGF and 
improvements in survival of DCD allografts [20]. Hypothermic machine perfusion (HMP) is 
an alternative to static cold storage (Figure 3). Several reports have demonstrated 
improvements in immediate graft function with the use of HMP compared to static cold 
storage [21-24]. Additionally, HMP permits longer preservation times without significant 
consequences to the allograft. Current notions suggest that HMP prevents and/or 
ameliorates injury to the kidney suffered as a result of preagonal hemodynamic and 
metabolic perturbations to the donor [25, 26].  

Various studies have demonstrated that vascular flow and resistance data of hypothermic 
machine perfused organs had a decrease in ischemic injury to the allograft prior to 
implantation compared to static cold storage [27-29]. Additionally, biochemical markers of 
ischemic injury can be measured and used to assess and evaluate pretransplant ischemic 
organ damage. In a study by Moers et al, 306 deceased donor kidneys, including DCD 
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used for several years [3]. Solitary pediatric renal allografts were then later performed in the 
1990’s. The initial concerns regarding the use of single pediatric donors were two-fold: 
technical complications and poor graft survival.  

 
Figure 2. En-bloc pediatric kidney transplant. The following figure depicts en-bloc transplantation of 
pediatric kidneys into an adult recipient. The anastomosis is performed to the external iliac artery. The 
donor aorta and inferior vena cava are anastomosed to the recipient vessels as shown. 

Technical concerns regarding the use of single pediatric donors were the major concerns 
initially. Bresnahan and colleagues found that recipients of en-bloc pediatric donor 
allografts were less likely to develop graft thrombosis compared to single pediatric donor 
allografts (OR 0.688, P<0.01) [8]. A series of 20 en-bloc pediatric donor allografts 
demonstrated no vascular complications [14]. Borboroglu et al. compared 15 single pediatric 
donors to 33 en-bloc pediatric donors [11]. Four recipients of en-bloc pediatric donors 
experienced arterial thrombosis, whereas only one recipient of a single pediatric donor 
developed arterial thrombosis. Moreover, three recipients of en-bloc pediatric donors 
experienced ureteral complications, whereas none occurred in the single pediatric donor 
group. In a series of 27 single pediatric donor allografts, no recipient developed vascular 
thrombosis postoperatively [10].  
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Inferior graft survival has also been implicated as a reason to avoid using single pediatric 
donors. The initial studies by Bresnahan et al. demonstrated poorer graft survival in 
recipients of single versus en-bloc pediatric donor allografts at 1 year (72.2% versus 76.3%, 
respectively [8]. Additionally, a study utilizing the Scientific Registry of Transplant Recipients 
(SRTR) data demonstrated that recipients of single pediatric donors had a 78% increased risk 
of graft loss compared to en-bloc donors [9]. Graft survival of en-bloc pediatric donor 
allografts was similar to standard deceased donors. However, a more recent analysis of the 
SRTR database demonstrated that single pediatric donors >35 kg had similar graft survival to 
SCD [15]. Moreover, graft survival of single pediatric donors 10-35 kg was similar to SCDs. A 
later study by Balachandran et al. demonstrated better outcomes than their initial studies. The 
2 years graft survival rate in single pediatric donor recipients had improved to 92.5% [10]. 
Similarly, Borboroglu et al. demonstrated similar graft survival between single versus en-bloc 
pediatric donor allografts [11]. Effectively, the use of single pediatric donors compared to en-
bloc pediatric donors has resulted in more cumulative graft years in recipients.  

3. Marginal donor kidneys 
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to lessen the shortage [16-19]. The increased utilization of these organs has expanded the 
donor pool by 30% [19]. Nevertheless, there has been a concomitant increase in the rate of 
delayed graft function (DGF) and even primary non-function in DCD grafts [16-18]. 
Utilization of these kidneys may contribute to the donor pool, although it is important to 
maximize the outcomes of these allografts. 

3.2. Hypothermic machine perfusion 

Towards the end of the twentieth century, static cold storage was introduced to preserve 
kidneys procured from deceased donors, which lead to a decreased incidence of DGF and 
improvements in survival of DCD allografts [20]. Hypothermic machine perfusion (HMP) is 
an alternative to static cold storage (Figure 3). Several reports have demonstrated 
improvements in immediate graft function with the use of HMP compared to static cold 
storage [21-24]. Additionally, HMP permits longer preservation times without significant 
consequences to the allograft. Current notions suggest that HMP prevents and/or 
ameliorates injury to the kidney suffered as a result of preagonal hemodynamic and 
metabolic perturbations to the donor [25, 26].  

Various studies have demonstrated that vascular flow and resistance data of hypothermic 
machine perfused organs had a decrease in ischemic injury to the allograft prior to 
implantation compared to static cold storage [27-29]. Additionally, biochemical markers of 
ischemic injury can be measured and used to assess and evaluate pretransplant ischemic 
organ damage. In a study by Moers et al, 306 deceased donor kidneys, including DCD 
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donors, undergoing HMP were evaluated for relative concentrations of biomarkers 
associated with renal and tubular injury [30]. In this study, elevated levels of total 
glutathione-S-transferase (GST), N-acetyl-β-D-glucosaminidase (NAG), and heart-type fatty 
acid bind protein (H-FABP) were independent predictors of DGF. Thus, perhaps the 
phenomenon observed is an increase in ischemic injury to the kidney. The benefits of HMP 
may be somewhat negated if the allograft is removed prematurely and placed in static cold 
storage. 

 
Figure 3. LifePort® Kidney Transporter. The figure depicts the LifePort ® Kidney Transporter that 
gently pumps the kidney with cold storage solution which can increase the cold ischemia duration 
compared to static cold storage and potentially improve allograft outcomes in marginal donor kidneys. 

3.3. Allograft outcomes 

ECD allografts have decreased graft survival rates in comparison to SCD. In general, these 
kidneys have a life expectancy of 6 to 8 years, whereas standard or ideal kidneys last about 
10 to 12 years [31]. Prolonging allograft survival by preventing or minimizing mitigating 
factors for the development of DGF is imperative since DGF is a known risk factor for 
decreased allograft survival. Marginal donors are known to have a higher incidence of DGF, 
which could affect survival. 

Several studies have examined the incidence and effects of DGF in marginal donor kidneys. 
A study by Serur et al evaluated deceased donors over more than a 40 years period and 
demonstrated that the most significant risk factors for short-term graft survival were DGF 
and acute rejection, not just the mere utilization of ECD allografts [32]. A large prospective, 
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international, randomized controlled trial examined the efficacy of rATG versus basiliximab 
in patients at high risk of DGF [33]. Patients were maintained on a cyclosporine-based triple 
drug immunosuppression regimen and eligibility criteria included ECD or DCD allografts, 
SCD allografts with greater than 24 hours of cold ischemia time (CIT), repeat transplants, 
panel-reactive antibody value exceeding 20% before transplantation, donors with acute 
tubular necrosis (ATN), recipient black race, or one or more HLA mismatches. The incidence 
of DGF was not significantly different between patients receiving rATG and basiliximab. 
However, the incidence of biopsy-proven acute rejection was significantly lower in patients 
receiving rATG. Additionally, severe rejection episodes requiring antibody therapy were 
less frequent in the rATG group. 

Marginal donors were initially shown to have worse outcomes than SCD. Several earlier 
studies demonstrated worse graft survival in kidneys from ECDs [34, 35]. More recent data, 
however, suggests that ECD kidneys have similar short and intermediate survival as SCD 
kidneys; instead, allograft function is slightly worse in the ECD group [31]. This finding is 
not the general consensus as the more recent trend is to match the donor age to the recipient 
age to optimize outcomes. For example, Chavalitdhamrong et al. demonstrated that 
recipients over the age of 60 years receiving ECDs from donors over the age of 70 had better 
survival than recipients aged 41 to 60 years [36]. 

Numerous studies have also demonstrated an advantage and decreased risk of DGF in 
marginal donors preserved by HMP compared to static cold storage [37, 38]. However, other 
factors, such as race, have also been implicated as risk factors for DGF. Several studies have 
demonstrated that African-American recipients were more likely to develop DGF [39, 40]. 
Hariharan and colleagues observed lower rates of graft failure in Hispanic recipients and 
higher graft failure rates in kidneys from Hispanic donors (compared to white) [41]. 

4. Hepatitis C virus & transplantation 

4.1. Introduction 

Hepatitis C Virus (HCV) infection is a common condition among ESRD patients and kidney 
transplant recipients with infection rates between 11% and 49% [42-46]. The best screening 
test for HCV is nucleic acid testing, or NAT. Because organ transplantation can transmit the 
hepatitis C virus, the consensus remains that HCV positive donors should only be 
transplanted into HCV positive recipients [47, 48]. Initial studies suggested that patients with 
HCV infection have an increased risk of death following kidney transplantation [42, 44, 45]. 
More recent studies have demonstrated that HCV positive patients who receive a kidney 
transplant have superior survival than their counterparts who remain on hemodialysis [49, 50]. 
Thus, kidney transplantation remains the treatment of choice for HCV positive patients with 
ESRD and preserved liver function without any evidence of cirrhosis. 

4.2. Benefits of transplantation 

The use of HCV positive donors may have potential benefits to the respective HCV positive 
recipients. First, HCV positive recipients transplanted with a HCV positive donor have 
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donors, undergoing HMP were evaluated for relative concentrations of biomarkers 
associated with renal and tubular injury [30]. In this study, elevated levels of total 
glutathione-S-transferase (GST), N-acetyl-β-D-glucosaminidase (NAG), and heart-type fatty 
acid bind protein (H-FABP) were independent predictors of DGF. Thus, perhaps the 
phenomenon observed is an increase in ischemic injury to the kidney. The benefits of HMP 
may be somewhat negated if the allograft is removed prematurely and placed in static cold 
storage. 

 
Figure 3. LifePort® Kidney Transporter. The figure depicts the LifePort ® Kidney Transporter that 
gently pumps the kidney with cold storage solution which can increase the cold ischemia duration 
compared to static cold storage and potentially improve allograft outcomes in marginal donor kidneys. 

3.3. Allograft outcomes 

ECD allografts have decreased graft survival rates in comparison to SCD. In general, these 
kidneys have a life expectancy of 6 to 8 years, whereas standard or ideal kidneys last about 
10 to 12 years [31]. Prolonging allograft survival by preventing or minimizing mitigating 
factors for the development of DGF is imperative since DGF is a known risk factor for 
decreased allograft survival. Marginal donors are known to have a higher incidence of DGF, 
which could affect survival. 

Several studies have examined the incidence and effects of DGF in marginal donor kidneys. 
A study by Serur et al evaluated deceased donors over more than a 40 years period and 
demonstrated that the most significant risk factors for short-term graft survival were DGF 
and acute rejection, not just the mere utilization of ECD allografts [32]. A large prospective, 
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international, randomized controlled trial examined the efficacy of rATG versus basiliximab 
in patients at high risk of DGF [33]. Patients were maintained on a cyclosporine-based triple 
drug immunosuppression regimen and eligibility criteria included ECD or DCD allografts, 
SCD allografts with greater than 24 hours of cold ischemia time (CIT), repeat transplants, 
panel-reactive antibody value exceeding 20% before transplantation, donors with acute 
tubular necrosis (ATN), recipient black race, or one or more HLA mismatches. The incidence 
of DGF was not significantly different between patients receiving rATG and basiliximab. 
However, the incidence of biopsy-proven acute rejection was significantly lower in patients 
receiving rATG. Additionally, severe rejection episodes requiring antibody therapy were 
less frequent in the rATG group. 

Marginal donors were initially shown to have worse outcomes than SCD. Several earlier 
studies demonstrated worse graft survival in kidneys from ECDs [34, 35]. More recent data, 
however, suggests that ECD kidneys have similar short and intermediate survival as SCD 
kidneys; instead, allograft function is slightly worse in the ECD group [31]. This finding is 
not the general consensus as the more recent trend is to match the donor age to the recipient 
age to optimize outcomes. For example, Chavalitdhamrong et al. demonstrated that 
recipients over the age of 60 years receiving ECDs from donors over the age of 70 had better 
survival than recipients aged 41 to 60 years [36]. 

Numerous studies have also demonstrated an advantage and decreased risk of DGF in 
marginal donors preserved by HMP compared to static cold storage [37, 38]. However, other 
factors, such as race, have also been implicated as risk factors for DGF. Several studies have 
demonstrated that African-American recipients were more likely to develop DGF [39, 40]. 
Hariharan and colleagues observed lower rates of graft failure in Hispanic recipients and 
higher graft failure rates in kidneys from Hispanic donors (compared to white) [41]. 

4. Hepatitis C virus & transplantation 

4.1. Introduction 

Hepatitis C Virus (HCV) infection is a common condition among ESRD patients and kidney 
transplant recipients with infection rates between 11% and 49% [42-46]. The best screening 
test for HCV is nucleic acid testing, or NAT. Because organ transplantation can transmit the 
hepatitis C virus, the consensus remains that HCV positive donors should only be 
transplanted into HCV positive recipients [47, 48]. Initial studies suggested that patients with 
HCV infection have an increased risk of death following kidney transplantation [42, 44, 45]. 
More recent studies have demonstrated that HCV positive patients who receive a kidney 
transplant have superior survival than their counterparts who remain on hemodialysis [49, 50]. 
Thus, kidney transplantation remains the treatment of choice for HCV positive patients with 
ESRD and preserved liver function without any evidence of cirrhosis. 

4.2. Benefits of transplantation 

The use of HCV positive donors may have potential benefits to the respective HCV positive 
recipients. First, HCV positive recipients transplanted with a HCV positive donor have 
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waiting times that are almost 1 year less than their counterparts who wait for a HCV 
negative donor [51]. Nevertheless, HCV positive donor kidneys were about 2.6 times more 
likely to be discarded than HCV negative donors. HCV positive donors could receive high 
quality organs, especially when the donor is young. As previously discussed, there is a clear 
survival benefit to transplanting HCV positive recipients with HCV positive donors 
compared to remaining on the deceased donor waiting list. The use of hypothermic machine 
perfusion has been shown to decrease the viral load of the allograft prior to implantation 
[52]. The reported reduction in viral load in the kidney is anywhere from 75% up to 99% if 
the allograft was perfused for 20 hours and additional flushes were used. Finally, there may 
be a cost-benefit analysis to using HCV positive donors [53].  

4.3. Special transplant considerations 

The use of HCV positive donors is not without potential risks. First and foremost, 
superinfection with a different genotype of HCV could occur with transplantation [54]. This 
coupled with immunosuppression can lead to a more aggressive HCV infection and 
increased risk of developing active liver disease [55, 56]. Secondly, recent data suggests that 
the HCV positive recipient transplanted with an HCV positive donor generally experiences 
an increase in infectious complications [57]. Moreover, Rao and Ma demonstrated that the 
HCV positive recipient experienced not only more infectious complications, but also more 
serious life-threatening infections [56]. The use of induction therapy does not correlate with 
the level of viremia and has been shown to be safe and efficacious without increasing the 
risk of infections complications [58, 59]. Finally, HCV positive recipients with ESRD have a 
higher cardiovascular mortality [60].  

4.4. Outcomes following transplantation 

The short-term outcomes following transplantation of HCV positive donors into HCV 
positive recipients have generally been acceptable. Short-term patient survival rates at 1 and 
3 years have been reported to be as high as 93% and 83%, respectively, while graft survival 
rates were 91% and 77%, respectively [51]. The longest study of this cohort of patients comes 
from Spain with a 10 years total follow-up [61]. Patients had 5- and 10-year survival rates of 
about 85% and 73%, respectively. The death-censored 5- and 10-year graft survival rates 
were 69% and 47%, respectively. Graft survival, however, was significantly lower in HCV 
positive recipients receiving HCV positive donors. The use of a HCV positive donor was not 
a risk factor for mortality, graft loss or advanced liver disease in this study. Mahmoud and 
colleagues demonstrated an increased incidence of transplant glomerulopathy among HCV 
positive renal transplant recipients [62]. 

5. Kidney paired donation 

5.1. Introduction 

Up to one-third of all kidney transplant candidates presenting for living donor renal 
transplantation with a potential living donor will have a blood type or cytotoxic-dependent 

 
Expanding Opportunities for Kidney Transplantation 309 

cytotoxicity (CDC) crossmatch incompatibility [63]. In the past, these patients would be 
deemed unsuitable pairs and transplantation would not proceed. Some transplant centers 
may attempt to use desensitization protocols to overcome the immunologic incompatibility; 
however, these protocols carry the risk of additional immunosuppression. This added risk 
does not guarantee successful transplantation and, if successfully transplanted, places the 
recipient at an increased risk of an acute rejection episode [64, 65]. 

Kidney paired donation (KPD) was introduced as an effective tool to overcome 
immunologic barriers, such as blood type or CDC crossmatch incompatibility among 
donor/recipient pairs [66-68]. This initially began as a concept of swapping living donors in 
individual transplant centers with two or three paired donor exchanges to permit 
transplantation [69]. This has expanded to various nationwide registries of incompatible 
donor/recipient pairs of major transplant centers, including our own in the National Kidney 
Registry [66]. 

5.2. Living donor chains 

An important element of maximizing the benefits of KPD is the addition of an altruistic, or 
non-directed, donor. These donors wish to donate their kidney, however they do not have 
an intended recipient. Utilizing these altruistic donors in KPD registries permits the creation 
of transplant chains with an extra donor to spare. This extra donor is called a bridge donor 
and is able to donate at a later time (Figure 4). This potentially can create non-simultaneous 
extended altruistic donor (NEAD), or in other cases the bridge donor can even donate to the 
deceased donor waitlist [70]. 

Many different registries exist in the United States and these registries have facilitated the 
majority of KPD transplants performed to date. One of the important practical lessons 
learned over time is that it may be more beneficial to have bridge donors donate to a 
candidate on the deceased donor waiting list [66]. Sometimes it may take longer than expected 
to find a suitable recipient entered into a registry to match with a bridge donor. The bridge 
donor’s circumstances could change while awaiting donation, such as work or professional 
changes, economic inability to donate or the donor might renege on their decision to donate. 
Ultimately this would result in loss of the bridge donor and any future transplant generated by 
the bridge donor. The exception to this rule is blood type ‘O’ bridge donors who may be kept 
within the registry due to their ability to generate future transplant chains [71]. 

In order for chains to be successful, many logistical aspects need to be addressed. For 
example, only major transplant centers with operating room availability 24 hours a day 
should participate, as acute changes can occur regarding scheduling and require flexibility 
on the donor and recipient hospitals parts. Transplant coordinators with sound 
understanding of the KPD process are necessary to manage the complex logistical problems 
that may arise, and to manage entry of donors and recipients into the registry, obtain match 
offers, and participate in conference calls to coordinate and facilitate continuation of 
chains[66]. Transplant coordinators need to have GPS access to track organs shipped from 
other transplant centers. 
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waiting times that are almost 1 year less than their counterparts who wait for a HCV 
negative donor [51]. Nevertheless, HCV positive donor kidneys were about 2.6 times more 
likely to be discarded than HCV negative donors. HCV positive donors could receive high 
quality organs, especially when the donor is young. As previously discussed, there is a clear 
survival benefit to transplanting HCV positive recipients with HCV positive donors 
compared to remaining on the deceased donor waiting list. The use of hypothermic machine 
perfusion has been shown to decrease the viral load of the allograft prior to implantation 
[52]. The reported reduction in viral load in the kidney is anywhere from 75% up to 99% if 
the allograft was perfused for 20 hours and additional flushes were used. Finally, there may 
be a cost-benefit analysis to using HCV positive donors [53].  

4.3. Special transplant considerations 

The use of HCV positive donors is not without potential risks. First and foremost, 
superinfection with a different genotype of HCV could occur with transplantation [54]. This 
coupled with immunosuppression can lead to a more aggressive HCV infection and 
increased risk of developing active liver disease [55, 56]. Secondly, recent data suggests that 
the HCV positive recipient transplanted with an HCV positive donor generally experiences 
an increase in infectious complications [57]. Moreover, Rao and Ma demonstrated that the 
HCV positive recipient experienced not only more infectious complications, but also more 
serious life-threatening infections [56]. The use of induction therapy does not correlate with 
the level of viremia and has been shown to be safe and efficacious without increasing the 
risk of infections complications [58, 59]. Finally, HCV positive recipients with ESRD have a 
higher cardiovascular mortality [60].  

4.4. Outcomes following transplantation 

The short-term outcomes following transplantation of HCV positive donors into HCV 
positive recipients have generally been acceptable. Short-term patient survival rates at 1 and 
3 years have been reported to be as high as 93% and 83%, respectively, while graft survival 
rates were 91% and 77%, respectively [51]. The longest study of this cohort of patients comes 
from Spain with a 10 years total follow-up [61]. Patients had 5- and 10-year survival rates of 
about 85% and 73%, respectively. The death-censored 5- and 10-year graft survival rates 
were 69% and 47%, respectively. Graft survival, however, was significantly lower in HCV 
positive recipients receiving HCV positive donors. The use of a HCV positive donor was not 
a risk factor for mortality, graft loss or advanced liver disease in this study. Mahmoud and 
colleagues demonstrated an increased incidence of transplant glomerulopathy among HCV 
positive renal transplant recipients [62]. 

5. Kidney paired donation 

5.1. Introduction 

Up to one-third of all kidney transplant candidates presenting for living donor renal 
transplantation with a potential living donor will have a blood type or cytotoxic-dependent 
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cytotoxicity (CDC) crossmatch incompatibility [63]. In the past, these patients would be 
deemed unsuitable pairs and transplantation would not proceed. Some transplant centers 
may attempt to use desensitization protocols to overcome the immunologic incompatibility; 
however, these protocols carry the risk of additional immunosuppression. This added risk 
does not guarantee successful transplantation and, if successfully transplanted, places the 
recipient at an increased risk of an acute rejection episode [64, 65]. 

Kidney paired donation (KPD) was introduced as an effective tool to overcome 
immunologic barriers, such as blood type or CDC crossmatch incompatibility among 
donor/recipient pairs [66-68]. This initially began as a concept of swapping living donors in 
individual transplant centers with two or three paired donor exchanges to permit 
transplantation [69]. This has expanded to various nationwide registries of incompatible 
donor/recipient pairs of major transplant centers, including our own in the National Kidney 
Registry [66]. 

5.2. Living donor chains 

An important element of maximizing the benefits of KPD is the addition of an altruistic, or 
non-directed, donor. These donors wish to donate their kidney, however they do not have 
an intended recipient. Utilizing these altruistic donors in KPD registries permits the creation 
of transplant chains with an extra donor to spare. This extra donor is called a bridge donor 
and is able to donate at a later time (Figure 4). This potentially can create non-simultaneous 
extended altruistic donor (NEAD), or in other cases the bridge donor can even donate to the 
deceased donor waitlist [70]. 

Many different registries exist in the United States and these registries have facilitated the 
majority of KPD transplants performed to date. One of the important practical lessons 
learned over time is that it may be more beneficial to have bridge donors donate to a 
candidate on the deceased donor waiting list [66]. Sometimes it may take longer than expected 
to find a suitable recipient entered into a registry to match with a bridge donor. The bridge 
donor’s circumstances could change while awaiting donation, such as work or professional 
changes, economic inability to donate or the donor might renege on their decision to donate. 
Ultimately this would result in loss of the bridge donor and any future transplant generated by 
the bridge donor. The exception to this rule is blood type ‘O’ bridge donors who may be kept 
within the registry due to their ability to generate future transplant chains [71]. 

In order for chains to be successful, many logistical aspects need to be addressed. For 
example, only major transplant centers with operating room availability 24 hours a day 
should participate, as acute changes can occur regarding scheduling and require flexibility 
on the donor and recipient hospitals parts. Transplant coordinators with sound 
understanding of the KPD process are necessary to manage the complex logistical problems 
that may arise, and to manage entry of donors and recipients into the registry, obtain match 
offers, and participate in conference calls to coordinate and facilitate continuation of 
chains[66]. Transplant coordinators need to have GPS access to track organs shipped from 
other transplant centers. 
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Figure 4. Bridge Donor. The following figure depicts a chain of incompatible donor/recipients who are 
a part of a chain, beginning with an altruistic donor and ending with a bridge donor who may facilitate 
another chain. 

5.3. Benefits of kidney paired donation 

Kidney paired donation offers multiple benefits. First, transplant candidates are removed 
from the UNOS waiting list. These patients avoid the morbidity and mortality of initiating 
or remaining on hemodialysis as well as enjoying a survival benefit (U.S. Renal Data 
System, USRDS 2010 Annual Data Report: Atlas of Chronic Kidney Disease and End-Stage 
Renal Disease in the United States, National Institutes of Health, National Institute of 
Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2010). These patients benefit 
from receiving a living donor renal transplant, which has better graft survival than a 
deceased donor allograft. Moreover, these patients, who may undergo various 
desensitization protocols, avoid the added immunosuppression and risks involved in blood 
group incompatible transplants. These highly sensitized patients benefit from receiving a 
living unrelated transplant via a bridge donor. Furthermore, those candidates without a 
living donor would benefit from having additional patients removed from the deceased 
donor waiting list. 

In general, allografts from living donors have better outcomes than allografts from deceased 
donors. First, graft half-life is significantly longer in living donor allografts than deceased 
donors [72]. Second, the incidence of DGF is significantly lower in living donors, thus 
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recipients are receiving a better quality allograft. Even if allografts are shipped across the 
country with cold ischemia times that may exceed 12 hours, outcomes remain superior to 
deceased donors [68]. The benefits of higher quality organs could translate into 
improvements in quality of life for the recipient [73]. KPD maximizes opportunities for 
transplantation for all transplant candidates. 

6. Summary 

The supply of available allografts for kidney transplantation does not meet the demands of 
the growing number of patients listed for transplantation. Thus, other sources of available 
allograft must be sought to alleviate the burden of the deceased donor waiting list. The use 
of pediatric donors, en-bloc, or even better as single organs that can be split for two 
recipients represents a potential source of allografts. Marginal donors are also being 
increasingly used with respectable graft survival rates. The use of HCV positive donors for 
HCV positive recipients leads to the transplantation of HCV positive patients significantly 
faster than waiting for an HCV negative donor, which lessens the burden of those awaiting 
HCV negative organs. Finally, successful implementation of KPD transplant registries has 
lead to the transplantation of high quality organs with considerable graft life into patients 
with blood type incompatible or crossmatch positive donors. Finding a solution to the 
shortage of suitable organs remains a challenge that must continue to be addressed in the 
field of transplantation. 
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recipients are receiving a better quality allograft. Even if allografts are shipped across the 
country with cold ischemia times that may exceed 12 hours, outcomes remain superior to 
deceased donors [68]. The benefits of higher quality organs could translate into 
improvements in quality of life for the recipient [73]. KPD maximizes opportunities for 
transplantation for all transplant candidates. 

6. Summary 

The supply of available allografts for kidney transplantation does not meet the demands of 
the growing number of patients listed for transplantation. Thus, other sources of available 
allograft must be sought to alleviate the burden of the deceased donor waiting list. The use 
of pediatric donors, en-bloc, or even better as single organs that can be split for two 
recipients represents a potential source of allografts. Marginal donors are also being 
increasingly used with respectable graft survival rates. The use of HCV positive donors for 
HCV positive recipients leads to the transplantation of HCV positive patients significantly 
faster than waiting for an HCV negative donor, which lessens the burden of those awaiting 
HCV negative organs. Finally, successful implementation of KPD transplant registries has 
lead to the transplantation of high quality organs with considerable graft life into patients 
with blood type incompatible or crossmatch positive donors. Finding a solution to the 
shortage of suitable organs remains a challenge that must continue to be addressed in the 
field of transplantation. 
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