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Preface

The field of organ transplantation continues to evolve and is a highly effective
therapy for patients with end-organ dysfunction (liver, kidney, pancreas, heart,
lung) with a wide range of medical conditions. Improvement of perioperative
care, surgical technique and immunosuppression in recent years has led to the
transformation of organ transplantation into a safe and routine procedure with
steadily improving results.

Organ donation plays a key role in the transplant process and corresponds to many
fields of medical knowledge as well as social and ethical aspects. New advancements
in surgery have allowed for more efficient and refined multi-organ procurements
with minimal complications and decreased ischemic injury events. However, the
increasing number of patients on transplant waiting lists and the limited donor
pool have led to increased demand for new approaches, such as splitting organs,
living donation and tissue engineering. In recent years, trends halve shifted towards
marginal grafts, which are grafts from higher-risk donors.

Transplantation is a complex process that requires the effort and effective
collaboration of a wide range of medical specialists (medical doctors, surgeons,
anesthesiologists, psychologists, coordinators, etc.) and institutions. Good results
are a function of the proper selection of donors and recipients. Further research will
lead to a better understanding of the pathophysiology of the immune response and
help scientists to develop more effective strategies for improving graft and patient
survival.

Vassil Mihaylov, MD, PhD, FACS
Associate Professor,

HPB and Transplant surgery,
Military Medical Academy,

Sofia, Bulgaria
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Chapter1

Pathophysiological Changes and
Systemic Inflammation in Brain
Dead Organ Donors: Effect on
Graft Quality

Neva Bezeljak and Zeljka Vecerié-Haler

Abstract

Transplantation is the definitive treatment of end-stage organ disease. As the
shortage of suitable organs poses its main limitation, the active management of
potential organ donors becomes increasingly more important. The majority of solid
organs are still obtained from donors after confirmed brain death. Brain death is
the complete and irreversible cessation of all brain functions, and triggers a variety
of severe pathophysiological changes in cardiovascular, hormonal and metabolic
status that can result in organ damage. Moreover, brain death is associated with
massive inflammatory response with a cytokine storm and complement activation
that increases graft immunogenicity and adversely affects graft survival. Organs
from brain-dead donors are more prone to graft dysfunction and rejection when
compared to organs obtained from living donors. Brain death is thus believed to be
an important risk factor influencing the quality of organs before procurement.

Keywords: inflammation brain death, pathophysiology brain death, systemic
inflammation brain death, SIRS, donation after brain death, brain death, organ
donation

1. Introduction

Transplantation is the definitive treatment for solid organ end-stage disease. The
waiting list for organ transplant is growing rapidly and the available offer of suit-
able organs is not sufficient enough to satisfy the needs. Within the Eurotransplant
region and worldwide, the majority of transplanted organs are obtained from
deceased brain-dead donors [1].

It is well known that the results from kidney grafts retrieved from living donors
(both related and unrelated to recipients) are far superior to those of deceased
organ donors in terms of delayed graft function, acute rejection and graft survival
[2-4]. As there is a significant difference between short- and long-term survival
of kidneys from living and deceased donors, the focus has recently shifted from
recipient to donor and the events occurring at the time of and after brain death.

Brain death is a catastrophic event resulting in severe systemic disturbance
including haemodynamic instability, inflammatory, hormonal, metabolic and
hematological disorders [5]. A limiting factor for better transplant outcome in a
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potential organ donor is definitely activation of the immune system that starts early,
during and immediately after brain death. For this reason, brain death has become
one of the key factors believed to significantly impact transplant function and
survival.

Early identification of potential donors is essential to establish timely and
aggressive donor management so as to provide the quantity and quality of organs
available for successful donation and transplantation. Unfortunately, no standard-
ized guidelines for the management of brain-dead donors have been implemented
to this moment [6]. Nevertheless, the main goal for successful organ donation
is to normalize and maintain the physiological conditions, including haemody-
namic stability, adequate oxygenation, and optimal fluid and electrolyte balance.
Aggressive respiratory and haemodynamic monitoring is thus essential to prevent
any unnecessary loss of organs [7].

2. Brain death-related pathophysiological systemic disorders

Brain death is a complete cessation of all brain functions, including the brain
stem, when the etiology of brain dysfunction is known and considered irreversible.
All reversible causes must be examined and excluded. The essential criteria for
brain death, according to the American Academy of Neurology (AAN), are coma or
unresponsiveness, absence of brain stem reflexes, and apnea. A patient determined
to be brain dead is legally and clinically dead, and can be considered as organ donor
in agreement with his own and his next of kin’s choice [5]. Loss of central regulation
leads to severe pathophysiological alterations in haemodynamics and the respiratory,
inflammatory and endocrine systems [7, 8].

2.1 Cardiovascular changes

The increased intracranial pressure following cerebral trauma, infarction
or hemorrhage causes increased arterial blood pressure as an attempt to restore
adequate cerebral perfusion. In case this fails, ischemia of pons generates a reflex
response, known as Cushing reflex, with bradycardia and hypertension. The
ischemic damage then progresses through the entire brain and results in sym-
pathetic stimulation and a catecholamine storm characterized by hypertension,
tachycardia, and severe peripheral vasoconstriction. A more explosive increase
of intracranial brain pressure correlates with a higher increase in catecholamine
concentrations. Consequently, a significant reduction in blood flow prevails
despite increased systemic perfusion pressure, and leads to visceral and myocardial
ischemia [8, 9]. Observations in brain-dead donors show evidence of myocardial
ischemia on echocardiographic exam [10, 11].

The initial phase of a catecholamine storm is followed by a loss of sympathetic
tonus and profound vasodilation due to ischemia of the brain stem vasomotor
nuclei. Many factors contribute to hypotension, including vasodilatation, catechol-
amine depletion, myocardial dysfunction, relative hypovolemia, and endocrine
dysfunction. Hypoperfusion further deteriorates organ integrity and, together with
a catecholamine explosion, leads to deleterious consequences for potential grafts if
left untreated.

2.2 Pulmonary changes

Two main complications related to brain death-induced lung injury and dys-
function are neurogenic pulmonary edema and inflammatory acute lung injury.
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Donors may also have specific pulmonary damage, including aspiration, atelectasis,
contusion, chest trauma, or infection [12]. Volume overload after fluid resuscita-
tion, also due to profound hypotension, increases the risk of pulmonary edema [8].

2.3 Endocrine system, stress and metabolic responses

Diabetes insipidus secondary to posterior pituitary infarction and lack of anti-
diuretic hormone results in electrolyte imbalance, hypovolemia, and circulatory
instability. Thyroid hormonal changes and thyroid-stimulating hormone (TSH)
levels show the typical picture of euthyroid sick syndrome. Temperature regulation
in the hypothalamus is affected, manifesting with initial hyperthermia followed by
hypothermia. Hypothermia, additionally worsened by peripheral vasodilatation,
further aggravates acidosis and increases the risk for arrhythmias and cold-induced
diuresis. Due to reduced insulin concentration and peripheral insulin resistance,
hyperglycaemia is common [7, 12].

2.4 Hematological changes

Damaged brain tissue is a rich source of potent platelet-activating and proco-
agulant molecules, which often leads to disseminated intravascular coagulation.
Hypothermia, acidosis and catecholamines all affect platelets function, further
contributing to coagulopathy [13, 14].

3. Strategies to maintain pathophysiological changes in organ donors

The current recommendations and guidelines for the management of a potential
organ donor in the intensive care unit (ICU) are based on pathophysiological reasoning
and experience gained from general ICU management strategies, and not on evidence
from randomized controlled trials (Table 1) [17]. The protection and optimization
of organ functions in order to provide for a maximum number of quality organs that
can be offered for donation is the essential goal of intensive care donor management.
The purpose of this paper is not to describe the management of the donor in detail, as
this was already summarized recently by Meyfroidt et al. [18]. A more simplified and
easy-to-remember series of goals was established a decade ago, known as the “rule of
100 systolic arterial pressure > 100 mmHg, urine output >100 ml/hr., arterial partial
pressure of oxygen (Pa02) >100 mmHg, hemoglobin concentration > 100 g/L, and
blood sugar 100% normal [15].

4. Activation of inflammatory system

Aseptic necrosis of brain tissue leads to the release of numerous inflammatory
mediators that trigger and support massive local and systemic inflammatory response
driven by both the innate and adaptive immune systems. Catecholamine storm and
hypotension with hypoperfusion of organs then contribute to the additional activa-
tion of immunologic pathways [19].

One of its harmful consequences is the activation of the cytokine system, poly-
peptide immunomodulatory molecules that participate in both immune responses
and act on cell differentiation, proliferation and activity. Several cytokines have
been found in brain tissue and cerebrospinal fluid after brain death. These cyto-
kines are then delivered into circulation through a faulty blood-brain barrier, and
continue to stimulate peripheral target cells and organs [20].
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Suggested approach

General care

Manage in ICU. Central and arterial line insertion and monitoring of central venous
and arterial pressure. Cardiac output monitoring preferred. Nasogastric tube
insertion. Foley’s catheter insertion and measurement of urine output.

Reduce heat loss and actively warm, if necessary, to maintain core temperature
>35°C. Actively treat infections. Frequent airway suctioning. Maintain pneumatic
compression device for preventing deep vein thrombosis. Eye protection. Ulcer
prophylaxis. Broad spectrum antibiotics.

Respiratory

Use ‘lung protective’ ventilation (lowest possible plateau pressure, tidal volumes of 6
ml/kg of ideal body weight, and moderate positive end expiratory pressure [PEEP]
of 5-10 cmH20 to achieve an oxygen saturation >92%). The respiratory passage must
be kept clear of any obstruction with routine measures. Avoid the administration of
excessive iv. fluids.

Cardiovascular

Goals for the management of haemodynamic status in donors: (1) to maintain
normovolaemia; (2) control blood pressure (BP); (3) optimize cardiac output and
maintain perfusion pressure of all organs; and (4) to minimize the use of vasoactive
agents.

Review fluid balance and correct hypovolaemia. Monitor cardiac output to titrate
fluids and inotropic/vasopressor drugs to intended goals. At present, there are no
convincing studies or consensus to demonstrate that one vasopressor is superior to
another, and different drugs (noradrenaline, adrenaline, vasopressin, dopamine,
and/or dobutamine) are used, depending on local practices and protocols. High doses
of catecholamines (e.g., norepinephrine >0.05 pg kg’1 min™") should be avoided, if
possible.

Fluids and
nutrition

Administer maintenance fluids, preferentially crystalloids with balanced salt content
(lactated Ringer’s solution and half-normal saline (0.45%) are most frequently used)
to avoid hypernatremia. Avoid volume overload. Correct electrolyte abnormalities to
normal values. Blood glucose target concentrations 4-8 mmol/ litre.

A solution of 0.9% normal saline may cause hyperchloremic acidosis, which increases
renal vascular resistance. Colloids, such as hydroxyethyl starches, need to be avoided
in organ donors, as they can damage renal epithelial cells and cause early graft
dysfunction in the transplanted kidneys. Albumin solutions can be used to reduce the
amount of fluid volume administered.

Blood and
coagulation

Consider the need for transfusion. The target is to maintain the hematocrit above
30%.

Maintain thromboprophylaxis, as there is a high incidence of embolisms.
Coagulopathy should be treated promptly with management, including the
administration of red blood cells, clotting factors, and platelets.

Systemic effects

Corticosteroids. The main purpose of using corticosteroids is not to treat
adrenocortical failure, but rather to attenuate the immune responses and reduce the
catecholamine requirement for maintaining BP. Methylprednisolone 15 mg kg™ bolus
is reccommended immediately after brain death is confirmed.

Triiodothyronine. Routine replacement of thyroid hormones is not recommended

for all organ donors, but only if impaired cardiac performance is documented despite
overall good general management and in case of patients with true hypothyroidism.
Insulin. Hyperglycemia is closely associated with reduced host immune responses
that result in an increased risk of infection, worsening of renal function in renal
transplant recipients, as well as osmotic diuresis [16]. Hyperglycemic organ donor
patients should be treated according to the local institutional guidelines used for other
critically ill patients.

Anti-diuretic hormone. If the patient develops diabetes insipidus, the condition can
be treated by the replacement of fluid with adequate crystalloid solutions. However,
if hypotension persists despite adequate volume resuscitation in the absence of other
causes, treatment with vasopressin or DDAVP should be considered.

DDAVE, 1-deamino-8-D-arginine-vasopressin; PEEB, positive end-expiratory pressure.

Table 1.

Summary of the principles of donor management (adapted from Anwar et al. [7] and McKeown et al. [15]).



Pathophysiological Changes and Systemic Inflammation in Brain Dead Organ Donots...
DOI: http://dx.doi.org/10.5772/intechopen.94360

The up-regulated expression of cell adhesion molecules (CAMs), including
selectines, vascular (VCAM-1) and intracellular CAMs (ICAM-1) on the endothe-
lium of potential grafts plays a critical role in numerous inflammatory processes.
One of their tasks is the recruitment of circulating monocytes, macrophages and
polymorphonuclear leukocytes as shown in organ biopsies after organ retrieval
[12, 16, 21, 22]. Therefore, unsurprisingly, increased levels of CAMs have been
associated with increased mortality in transplant recipients [16].

The activation of leukocyte populations in peripheral organs further maintains
an inflammatory environment by expressing CAMs and releasing proinflammatory
substances, among others, tumor necrosis factor alpha (TNF-«) and interferon
gamma (IFN-y) [16]. Especially IFN-y induces the expression of major histo-
compatibility complex (MHC) classes I and II on graft cells, which potentiate the
immunogenicity of organs via the T-cell recognition process. The activated organs
provoke a host immune system after engraftment, resulting in severe acute or
chronic rejection [23].

Complement activation has already been demonstrated in ischemia—reperfusion
injury and rejection. Fragments of complement activation products have been
measured in plasma and organ biopsies. Their values were higher compared to living
donors [24-26].

4.1 Cytokines implicated in brain death

Increased blood levels of several cytokines, such as TNF-q, interleukin (IL)-6,
IL-8, IL-1B, and IL-2R, have been observed after brain death [27, 28]. Cytokines
derive mostly from T-cells and are classified into different groups according to their
main function and T helper (Th) cell subtypes to which they are related.

The Thl-cell related cytokines are TNF-a, IL-1, IL-2, IL-12 and IFN-y [29, 30].
They act early in the inflammatory cascade and stimulate and support the inflam-
mation by mediating between different inflammatory pathways; they activate endo-
thelial cells and cellular adhesion molecules, and contribute to T-cell maturation.

The Th2-cell-related cytokines IL-4, IL-5, IL-10 and IL-13 are not as significant
and are considered to be anti-inflammatory when related to brain death and the
early transplant period [19, 31, 32].

One of the most heavily implicated cytokines in brain death is IL-6, a member
of Th-17 cell related mediators [33, 34]. Increased concentrations of IL-6 have
been demonstrated both in plasma and organs of brain-dead donors, including the
kidneys, lungs, liver and heart [34-36]. Higher values of IL - 6 are associated with
worse transplantation outcomes and poorer survival of recipients [33, 37].

A significant increase in IL-8 values in the bronchoalveolar lavage fluid from
brain-dead lung donors has been demonstrated and correlates with early graft dys-
function after lung transplant [38]. In addition, elevated IL-6 gene expression was
observed in the preimplantation biopsies of patients who died within 30 days after
lung transplant [39]. Furthermore, the levels of IL-1f and TNF-a were significantly
higher in donor lungs rejected for transplantation compared to transplanted lungs
[40]. The values of IL-6 and TNF-« in the myocardium of dysfunctional discarded
donor hearts were higher than in transplanted donor hearts [41].

4.2 Role of complement

The complement cascade is an important part of the innate immune system
and transplantation process. Activation of either the classic, alternative or lectin
pathway of the complement system leads to the formation of a common terminal
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cell lytic complex or C5b-9, also known as membrane attack complex (MAC). MAC
induces complement-mediated lysis of cells. Proteolytic complement fragments
such as C5a, C3a and, to alesser extent, C4a, further induce acute inflammation by
activating mast cells, neutrophils and endothelial cells.

Studies have shown that all three pathway types are involved in systemic inflam-
mation secondary to brain death [24]. Complement activation products have the
ability to produce proinflammatory substances, including cytokines, and act as
chemotactic factors for leukocytes.

In deceased brain donors, the increased complement plasma levels of C5b9 were
higher than in the plasma of living organ donors. Higher levels of C5b9 in deceased
brain-dead and deceased cardiac-dead donors were associated with worse tissue
damage, a higher rate of acute and chronic rejection, and inferior function after
transplantation [25].

Complement activation also results in the release of anaphylatoxins C3a and C5a,
potent activators of T-cells. Brain-dead organ donors had higher values of C5ain
plasma compared to living donors [26].

5. Inflammation limiting strategies
5.1 Inflammation limiting strategies in organ donors

The use of methylprednisolone, alone or as part of hormonal replacement,
reduces the immunological activation observed after brain death in terms of
decreasing cytokine production and preventing alterations induced by proinflam-
matory mediators [36, 42]. In a prospective randomized study, reduced serum
and graft cytokine expression and improved graft function in human liver trans-
plantation was found/reported after methylprednisolone administration [42].
Inflammation in the heart and kidneys is also reduced. The reduction in cytokine
activation is almost comparable to the levels seen in living donor transplantation
[36]. Methylprednisolone use is associated with increased organ retrieval and
improved short- and long-term outcome for most transplanted organs [12].

Numerous other agents and approaches are currently under investigation as part
of organ protection and preservation strategies.

Among such strategies, active removal of cytokines by haemoadsorption was
shown to be feasible, leading to at least a moderate fall in cytokine concentration in
circulation, attenuating the inflammatory response associated with brain death [9].

Although no RCTs in humans currently exist, animal models have also demon-
strated a reduced inflammatory response and improved oxygenation when using
noradrenaline [43, 44].

Since glucagon-like peptide-1 (GLP1) analogues were shown to possess interest-
ing cytoprotective effects in different liver and pancreatic disease models, these
molecules were also tested in experimental transplantation models. Treatment
with the GLP1 analogue exendin-4 (Ex-4) relieved brain dead-induced liver [45],
renal [46] and pancreatic islet injury [47] through alleviation of inflammation and
oxidative stress.

After single administration of antithymocyte globulin (ATG) to brain-dead
mice, the inflammatory reaction in the myocardium showed a significant reduction
in IL-2 expression and the reduction of IL-6 deposition in media cells in ATG-
treated specimens compared to controls [48].

Targeting complement activation after the induction of brain death also reduced
renal inflammation and improved renal function before transplantation in animal
models [49]. Recently, a study by Jager et al. [50]. has shown that experimental
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donor rat pre-treatment with anti-FB preserved renal function reduced renal dam-
age and inflammation prior to transplantation. Seemingly, high-dose C1-INH treat-
ment of brain-dead rat donors resulted in significantly lower renal gene expression
and serum levels of IL-6, which reflected with improved renal function and reduced
renal injury [51].

Traumatic brain injury and other inflammatory conditions are currently being
treated in preclinical and clinical trials by a number of cellular therapies, among
which mesenchymal stem cells (MSC) are of greatest interest due to their wide-
spread usage and ease to isolate and culture [52, 53].

Therefore, strategies targeting cytokine and complement activation in human
brain-dead donors pose as a new and promising opportunity to improve organ
quantity and quality for successful organ donation and transplantation outcome.

5.2 Inflammation limiting strategies to preserve procured organs

After procurement, organs are further exposed to injury due to removal
from their physiological conditions. Hypoxic injury has a detrimental effect on
organ structure and function, and adds to increased immunogenicity. Prolonged
ischemia, cold or warm, is a risk factor for early graft dysfunction and worse
long-term outcomes. The duration and type (warm or cold) of ischemia time
may also directly influence cytokine production [19]. Significant cytokine gene
expression has otherwise already occurred directly after brain death. Namely,
the cytokine gene expression before transplantation was shown to be even higher
than during the period of acute rejection [35]. A strong association was recently
identified between cold ischemia time and the levels of IL-1 and IL-8 in human
liver transplants. Warm ischemia time also correlated with IL-6 and IL-10 in the
same study [54].

Successful preservation strategies are key to minimize ischemic damage and the
effect of reperfusion with associated increased immunogenicity after organ implan-
tation. The current accepted standard for most solid organs is static cold storage
(SCS), where the solid organ is stored on ice after removal from the donor, and then
removed from the ice box at the time of implantation. However, novel technologies
enable perfusion of the donated organ during the transport phase or at the recipient
centre, with the option to use a variety of temperatures and different perfusates.
Machine perfusion systems (hypothermic, normothermic, oxygen persufflation)
represent dynamic preservational methods.

Hypothermic preservation strategies are now widely used to decrease inflamma-
tion, depress the metabolic rate of cells, and reduce the effects of ischemia [55, 56].
In the largest meta-analysis performed so far [57], hypothermic machine perfusion
(HMP) was superior to SCS in deceased donor kidney transplantation (this was
true for both DBD and DCD kidneys). The incidence of delayed graft function in
kidneys from deceased brain donors was much lower in the group with hypothermic
perfusion. Additionally, reports of economic analysis suggested that HMP can lead
to cost savings in both North American and European settings.

Since very low temperatures can also have harmful repercussions on organs in
terms of cytokine and reactive oxygen production [58], over the last two decades
several research groups have examined the effects of increasing the temperature
of machine perfusion to near-normothermic temperatures (20-33°C). Near-
normothermic preservation is particularly applicable for organs of marginal donors
or donors after cardiac death. In these cases, due to prolonged warm ischemia times,
organ viability is negatively impacted by the subsequent cold preservation. Hence,
normothermic perfusion may enhance preservation and transplantation outcomes
and reduce the risk of non-functional organs [59].
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6. Conclusion

Brain-dead organ donors represent the major source of organs for organ
transplantation. The path from a brain-dead potential donor to a favorable graft
and recipient outcome is long, and can have a cardinal impact on the quality of
transplanted organs. Brain death-related systemic changes can damage the organs
to the point where donation is not possible. Severe systemic inflammatory response
enhances graft immunogenicity and affects graft survival and transplant outcome.
Thus, immunomodulatory agents can become pivotal in donor procurement and
preservation in future.
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Abstract

Sub-Saharan Africa (SSA), occupying about 80% of the African continent
is a heterogeneous region with estimated population of 1.1 billion people in
47 countries. Most belong to the low resource countries (LRCs). The high prevalence
of end-organ diseases of kidney, liver, lung and heart makes provision of organ
donation and transplantation necessary. Although kidney and heart transplanta-
tions were performed in South Africa in the 1960s, transplant activity in SSA lags
behind the developed world. Peculiar challenges militating against successful
development of transplant programmes include high cost of treatment, low GDP
of most countries, inadequate infrastructural and institutional support, absence
of subsidy, poor knowledge of the disease condition, poor accessibility to health-
care facilities, religious and trado-cultural practices. Many people in the region
patronize alternative healthcare as first choice. Opportunities that if harnessed may
alter the unfavorable landscape are: implementation of the 2007 WHO Regional
Consultation recommendations for establishment of national legal framework and
self-sufficient organ donation/transplantation in each country and adoption of
their 2020 proposed actions for organ/transplantation for member states, national
registries with sharing of data with GODT, prevention of transplant commercializa-
tion and tourism. Additionally, adapting some aspects of proven successful models
in LRCs will improve transplantation programmes in SSA.

Keywords: opportunities, challenges, low resource countries, end organ
diseases/failure, transplant models
1. Introduction and overview
1.1 Background
Many diseases especially non-communicable diseases (NCDs) culminate in

end-stage organ failures; the preferred treatment for most end-stage organ diseases
is transplantation. Transplantation programme is a complex healthcare service
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which entails huge costs and requires highly skilled health professionals, complex
infrastructure and equipment, and well-articulated legal frameworks to enable its
operationalization [1]. The need for appropriate interventions for organ failures

in sub-Saharan Africa (SSA) is underscored by the high prevalence of end-organ
diseases such as chronic kidney disease (CKD), chronic liver disease (CLD), chronic
lung and heart diseases (interstitial lung disease, cystic fibrosis, cardiomyopathies
and chronic rheumatic heart diseases) which cause increased morbidity and
mortality. For example, Kaze et al [2] in a systematic review of prevalence studies
on CKD in SSA documented the highest prevalence in West Africa 19.8%, Central
Africa 16%, East Africa 14.4%, and Southern Africa 10.4%.

Globally, beside organs, tissues and cells (bone marrow cornea, etc.) are also
transplanted. However, in SSA, apart from South Africa which also does liver and
heart transplantation, the common organ transplanted is the kidney [3]. Though
outcomes for transplantation have improved over the years due to better surgical
techniques including minimal access surgeries, newer and better immunosup-
pressive medications, innovations in organ donation; improvement in transplant
services is not apparent in SSA. Organ transplantation remains largely inaccessible
and unaffordable to this population.

Sub-Saharan Africa has a disproportionate burden of communicable diseases
(CDs) and NCDs compared to other world regions [4]. Currently, NCDs are respon-
sible for a large and increasing burden of death and disability in the region. World
Health Organization (WHO) in 2018, documented that NCDs killed 41 million
people per year accounting for 71% of the global deaths [5]. The ages most affected
were 30 to 69 years age-group, belonging to the productive workforce of any popula-
tion. People from low income countries (LICs) and lower-middle income countries
(LMICs) accounted for most of these deaths approximating over 85%. Four of the
five commonly quoted diseases i.e. the “Big Five” (cardiovascular diseases, cancers,
respiratory diseases, diabetes mellitus (DM) and mental illness) that account for
most NCD deaths are drivers of CKD. Several risk factors with multiplier effect on
NCDs are tobacco use, physical inactivity, harmful use of alcohol and unhealthy
diets. Communicable diseases, though less common in high income countries
(HICs) and upper-middle income countries (UMICs) are still prevalent in LICs
and LMICs prompting WHO to highlight the double burden of diseases in these
regions [6]. Both CDs and NCDs culminate in end-organ disease underscoring the
high prevalence of end-organ failures, disabilities and deaths in SSA (see Figure 1).
Unfortunately, most countries in this region lack resources to cope.

1.2 Prevalence of end-organ diseases
1.2.1 End-stage kidney disease (ESKD)

In 2014, Stanifer et al [7], in a systematic review and meta-analysis of 21 studies
in SSA documented an overall CKD prevalence of 13-9%. According to the Institute
for Health Metrics and Evaluation (IHME) data, CKD and DM were the 14th cause
of death in SSA in 1990 but worsened to 11th by 2017 (see Figure 1). Hypertension
and DM constitute the main NCDs that cause CKD globally [8]. In many low
resource countries (LRCs), chronic glomerulonephritis and interstitial nephritis
assume significance because of the pervading and persisting high prevalence of CDs
(mainly bacterial, parasitic, and viral infections) [9]. Human Immunodeficiency
virus (HIV) infection which continues to plague SSA, albeit better controlled,
is a key driver of kidney disease. Of the 38 million people living with HIV glob-
ally, more than 25 million live in this region [10, 11]. The recent pandemic of
COVID-19 infection which has adverse acute effects on the kidney has probable
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Figure 1.
Causes of deaths in sub Saharan Afirca 1990 and 2017 [from Institute for Health Metrics and Evaluation
(IHME) data].

unknown long-term sequelae [12]. Both CDs and NCDs fuel the high and increasing
prevalence of CKD in LRCs. Without renal registries in many LRCs, there is poor
documentation of data on kidney diseases.

1.2.2 Other end-organ diseases

Viral hepatitis is prevalent in Africa with high endemicity of Hepatitis B Virus
(HBV) in SSA and Hepatitis C virus (HCV) in North Africa. Africa has approxi-
mately 60-100 million of the world’s 257 million viral hepatitis infections [13]. The
WHO noted that between 1980 and 2010, cirrhosis-related deaths doubled in the
region. The increasing burden of obesity and DM leading to non-alcoholic fatty
liver disease contributes to high prevalence of CLD and end-stage liver disease
(ESLD). Up to 40% of patients with chronic hepatitis may progress to liver cirrhosis
and/or liver cancer [14] and without liver transplantation mortality is estimated
at about 15% in one year [15]. All patients with ESLD will invariably require liver
transplantation; however, liver transplants are uncommon in SSA.

There is scant information on prevalence of other end organ failures such as
heart, lung, and small bowel requiring organ transplantation in SSA.

1.3 Prevalence of transplantation
The WHO in collaboration with the Organizacién Nacional de Trasplantes

of Spain set up the Global Observatory on Donation and Transplantation
(GODT) with the mandate to document the distribution of organ transplantation
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programmes in the countries that report their data to the Observatory and to evalu-
ate the access of transplantation activities worldwide [16]. Upon subsequent request
of the World Health Assembly (Resolutions WHA57.18 and 63.22) that global data
on the practices, safety, quality, efficacy, epidemiology and ethical issues of allo-
geneic transplantation be collected and documented, the GODT was inaugurated

in 2007 [16]. This database has ensured provision of transparent and equitable
monitoring of national transplant systems.

Currently, according to the GODT database, [17], 139,024 solid organ trans-
plants were reported globally in 2017: 90,306 kidney (36% from living donors),
32,348 liver (19.0% from living donors), 7881 heart, 6084 lung, 2243 pancreas
and 162 small bowel transplants. Africa contributes the least number of trans-
plant activity per continent and SSA the least number per WHO World region
(Tables 1 and 2; Figure 2). Tables 1 and 2 show data from 2016 GODT Report.

Kidney transplants are available in 102 countries; living kidney transplants in 98
countries and deceased donors in 76 countries [16]. Sixteen countries representing
6.6% of the global population perform only living donor kidney transplants. In SSA,
a handful of countries carry out transplantation: South Africa, Sudan, Seychelles,
Ivory Coast, Namibia, Nigeria, Kenya, Ghana, Tanzania, Mauritius, Ethiopia
but only five countries (Ethiopia (0.34 pmp), Kenya (1.51 pmp), Nigeria (0.47
pmp), South Africa (6.81 pmp) and Sudan (6.58 pmp)) report their data to GODT
(Figure 2).

1.4 Characteristics of SSA
1.4.1 Geography and demography

Sub-Saharan Africa is heterogeneous and has a population estimated at 1.1billion
[18]. It is projected that countries in this region would account for more than half of
the world’s growth by 2050 [19]. This geographical region fully or partially located
south of the Sahara Desert occupies an area of about 24 million Km? (Figure 3). It
is made up of 47 countries divided into 4 WHO sub-regions. Most countries in this
region belong to the LICs and LMICs according to World Bank Classification of
economies and are also described as LRCs. Africa is the second largest and second
most populous continent; SSA occupies about 80% of the continent [20]. Although
the economic growth in Africa has been remarkable in recent years, the gap between
the rich and poor is wide and many people still do not have access to basic amenities
such as potable water, good sanitation and basic health services [20].

Region Countries Countries with data Population Population with data
N N (%) millions millions (%)
AFR 46 10 (21.7) 11391 506.6 (44.5)
AMR 35 21 (60.0) 986.5 968.5 (98.2)
EMR 22 15 (68.2) 656.1 535 (81.5)
EUR 53 49 (92.5) 909.7 904.2 (99.4)
SEAR 11 5(45.5) 1928.4 1408.8 (73.1)
WPR 27 11 (40.7) 18477 1815.3 (98.3)
Total 194 111 (57.2) 7467.5 6138.4 (82.2)
Table 1.

Proportion of countries and population covered by the GODT database in the WHO regions. Year 2015 [17].
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Africa America Eastern Europe South Western
Region Region Mediterranean (EUR) East Asia Pacific
(AFR) (AMR) Region (EMR) Region Region
(SEAR) (WPR)
Kidney 488 (1.0) 31,859 (32.9) 6127 (11.5) 26131(289)  7202(51) 12,540 (6.9)
Liver 67(0.1) 10,426 (10.8) 1539 (2.9) 9582 (10.6) 1292 (0.9) 4853 (2.7)
Heart 14 (0.03) 3604 (3.7) 135(0.3) 2646 (2.9) 40 (0.03) 584 (0.3)
Lung 12 (0.02) 2507 (2.6) 56 (0.1) 2007 (2.2) 1(0.0) 463 (0.3)
Pancreas 5(0.01) 1236 (1.3) 24 (0.04) 890 (1.0) 1(0.0) 143 (0.1)
Small 0(0.0) 147 (0.2) 4(0.01) 43 (0.05) 0(0.0) 1(0.0)
Bowel
Total 586 (1.2) 49,779 (51.4) 7885 (14.7) 41,299 (45.7) 8536 (6.1) 18,585 (10.2)
Organs
Table 2.

Absolute numbers and vates of the organ transplant activities per WHO region. 2015 [17].

1.4.2 Dynamics of healthcare
1.4.2.1 Health systems

The WHO defines health systems as “all organizations, people and actions whose
primary intent is to promote, restore, or maintain health” [21]. In LRCs, these
systems have long been weak and deficient in most aspects of healthcare delivery
and therefore, there is persistent need to evaluate health system challenges at all
levels [22]. Health security is a crucial public health issue. It is ensured when there
is protection against any health threats and also involves ability to handle emerging
new health conditions by adapting and developing new approaches [23]. The epi-
demics in recent years (SARS, MERS and Ebola) including the COVID-19 pandemic
bring to the fore the inability of the health systems in SSA to cope with health crisis
and other prevalent health conditions [24].

1.4.2.2 Personnel

Some healthcare professionals have poor work ethics deriving from unsavory
work environment and remunerations. Transplantation is a highly specialized ser-
vice that entails full commitment of the workforce and long work hours. For a good
transplant programme, the national health system and the hospitals have to commit
to improving the skill set of the work force through adequate staff training and
other development opportunities, incentivization of the programme and offering a
very supportive work environment [25].

1.4.2.3 Health seeking behaviour

Traditions and cultures influence the mindset of a people; decision to access
healthcare service is informed by many factors (accessibility, affordability,
spirituality and religiosity, and knowledge of the disease condition) [26]. When
ill, many people in LRCs seek alternative healthcare service including traditional
health providers and religious institutions resulting in late presentation to
hospitals [27].
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Figure 2.
World map of transplantation in 2019 showing total sum of transplants [from global Observatory of Donation
and Transplantation].

1.4.3 Health financing

In 2018 and 2019, Africa’s economic growth was at 3.4% and was expected to rise
to 3.9% and 4.1% in 2020 and 2021 respectively [28]. Amid the COVID-19 pandemic
of 2020, the dynamics changed resulting in contraction of economies globally with
expected 1.7% to 3.4% contraction of Africa’s economy [29].

The 2001 Abuja Declaration recommended allocation of 15% of the annual
national budget to the health sector; achieving this has been challenging [30].

In 2012, 6 countries met the target; and this reduced to 4 in 2014. Currently, the
preferred indicator for health financing is the percentage gross domestic product
(% GDP). To achieve universal health coverage (UHC), the World Health 2010
Report suggested that a national government has to spend at least 4-5% of GDP on
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Figure 3.
Map of Africa showing UN sub-regions.

health [31]. Whilst per capita expenditure on health in America and Europe were
over $1800 in 2014, the per capita expenditure on health in Africa averaged only
$51.6 [32]. Further analysis shows that over the same period, in Africa, general
government health expenditure was less than 50% of the total health expenditure
while other sources such as out of pocket (OOP) payments and external sources
(from funders) accounted for over 50% [32]. In general, transplantation service
largely depends on robust and adequate finances hence the programme thrives in
HICs and UMICs.

1.5 History of transplantation
1.5.1 Southern Africa

South Africa: the first organ transplantation in Africa was kidney transplant
performed by Thomas Starlz and colleagues in 1966 at Wills Donald Gordon
Medical Centre, Johannesburg, South Africa [33]. This was followed in 1967 by the
first successful heart transplant performed in the world at Groote Shuur Hospital,
Cape Town, South Africa by Christian Barnard [34, 35]. Barnard and his team
championed the orthotopic and heterotopic (‘piggy-back’) heart transplant. From
1968 to 1983, they engaged in research on cardiac transplantation thereby laying the
foundation for heart transplantation as therapy for end-stage cardiac disease. The
team advanced the concept of brain death, organ and tissue donation, and ethical
issues in transplantation. They also researched on methods to improve preservation
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and protection of the donor heart: their studies ranged from developing appropriate
hypothermic perfusion for heart storage, haemodynamics and metabolic changes in
brain death to xenotransplantation [34].

Though, South Africa has the most advanced transplant programme in the con-
tinent, globally, their transplant activities remain lower than those of other coun-
tries with comparable economic capacity [35, 36]. South African liver programme
has existed for about 2 decades and presently offers living-related liver transplanta-
tion. Other solid organ programmes available are combined kidney-pancreas and
lung transplantation. Her donor programmes have advanced to extended criteria
donors (ECD) and donors after circulatory death [37]. South Africa has high preva-
lence of HIV resulting in a huge HIV-positive population prompting Muller and
colleagues to pioneer HIV-positive-to-positive transplant program in 2008 [38]. By
2018, this programme had successfully transplanted 43 kidneys from 25 deceased
donors [39].

Namibia had first kidney transplantation in March 2016 [40] and is also
reported to have done a heart transplant [41].

1.5.2 West Africa

Ghana started a kidney transplant programme in 2008 at Korle Bu Teaching
Hospital, Accra in collaboration with a hospital and a charity organization in UK.
Between 2008 and 2014, the programme performed 17 transplants and in 2015, they
established a national registry [42].

Ivory Coast implemented the law authorizing organ donation in 2012 [43]
and between 2013 and 2015, ten living-related kidney transplantations had been
done [44].

Nigeria commenced organ transplantation activity in 2000 in a privately-
owned hospital [45]. Currently, there are 15 centres (public 9, private 6) and
over 770 transplants had been performed between 2000 and 2019 [Personal
Communication].

1.5.3 East Africa

Ethiopia commenced its transplant programme in collaboration with an
American hospital in September 2015 and by February 2018, had done 70 living
donor kidney transplants at their only transplant centre [46].

Kenya started kidney transplantation in 2009 and by 2019 had performed 200
transplants. Their government augmented the existing infrastructures to support 10
transplants per month [47].

Mauritius began kidney transplantation in 1980 and discontinued in 1982
following poor outcomes but resumed in 1993 [48]. Although the “Human Tissue
(Removal, Preservation and Transplant) Act” was promulgated in 2006 and
amended in 2013, a new legislation was enacted in 2018 [49].

Sudan, according to the African Union belongs to East African sub-region
even though the United Nations categorized her as North Africa. Sudan had her
first kidney transplant in 1974 and for the subsequent 25 years performed very few
transplants. However, in 2000, the program was reactivated; and 222 transplants
were performed in 2016 [50].

Tanzania started kidney transplantation services locally in collaboration with
hospitals in India and Japan in November 2017 [51]. Earlier, her program consisted
of government-sponsored transplantation overseas. Recipients and donors received
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pre-transplantation work-up locally and donor verification by DNA profiling was
done to curtail commercialization.

Ugandan cabinet in June 2020 approved a bill to establish a legal framework for
human organs, cells and tissue transplant, and to regulate donations and trade in
human organs, cells and tissue [52].

1.5.4 Central Africa

No country in this sub-region has a transplant programme but Angola in
March 2019 passed a law on human tissue, cell and organ transplant to enable
transplantation [53].

In SSA, the national programs for donation and transplantation of organs and
tissues are slow and poorly developed and they are fraught with inadequacies
in infrastructures, institutional support, and technical expertise [3]. These are
attributed to the huge costs and complexity of transplantation, low GDP, lack of
subsidy and dearth of facilities.

Louaet al in 2018, documented that 62 transplant centres across seven countries
in Africa had transplant activities involving kidney, heart, cornea, liver and bone
marrow [3].

1.5.5 Stratification of transplant programmes
Programmes are classified into different stages of development of transplant

services with those from HICs better developed than those from LMICs and LICs
[54] (See Table 3).

Stage Characteristic Country

I No existing transplant programme with little or no posttransplant and The poorest
post-donation care. Transplant tourism is rife. countries of the

world

II Faltering or poorly developed transplant programme offering only Countries in sub-
living-related donation, no nationally structured transplant program, Saharan Africa and
and often no legislation. There is nonexistent deceased-donor program many other low- and
and proliferation of transplant tourism with little or no posttransplant middle-income
and post-donation care. countries

I Fairly developed transplant programme offering mostly living- Many countries in
related donation with rudimentary deceased-donor program. Poorly Asia, Central and
developed kidney paired exchange and organ sharing programs, South America, the
often with poor posttransplant and post-donation care. Some level of Middle East, and
transplant tourism and moderate to long wait time. North Africa

v Well-developed structured transplant programme and accompanying Many of the
legislation offering deceased donation, kidney paired exchange, and developed
organ sharing programs with good posttransplant and post-donation economies belong to
care. Little transplant tourism and short to moderate wait times for this stage
transplant.

\% Highly developed and structured transplant programme and Utopian
accompanying legislation offering mostly deceased donation,
advanced donation/kidney paired exchange, and organ sharing
programs with excellent posttransplant and post-donation care. There
is no transplant tourism and short or no wait times for transplant.

Table 3.

Proposed staging for transplant stratification model (transplant transition) [54].
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2. Recipient and donor evaluation
2.1 Recipient

Careful evaluation of potential organ transplant recipients is necessary to detect
co-existing illnesses that can adversely affect the prognosis of the transplantation.
The subsisting clinical practice guidelines including the 2020 KDIGO guideline and
the 2011 UK Renal Association Clinical Practice guideline (5th Edition) [55, 56]
recommend the standard process of evaluation of prospective transplant recipients.
Regardless of the recommendations of the practice guidelines, most transplant
centres have their in-house protocols for transplant recipient evaluation. However,
in SSA, the evaluation may be tailored to the available resources but should be
efficient and cost-effective. The discussion below is typical for kidney transplant
units in Nigeria but may apply to other organ transplantations and transplantations
in other countries in the sub-region.

The evaluation of such candidates involves risk/benefit assessment and they
should have at least five-year life expectancy derived from age, gender and race
of the individual [57]. Many clinicians, however, consider other factors including
severity of life-threatening diseases, functional status, clinical experience and
knowledge of the patient to determine suitability for organ transplantation.

2.1.1 Workup for transplant candidates

The workup evaluation includes: hematological, clinical chemistry, infec-
tion profile, diagnostic procedures, imaging and immunological tests. The list of
relevant investigations is shown in Table 4.

2.1.1.1 Hematological studies

Blood grouping establishes the candidate’s blood type and determines if further
evaluation should proceed. Recipient and donor must be compatible. Complete
blood count and clotting profile should be optimal.

2.1.1.2 Cardiac evaluation

All candidates are assessed for presence of cardiac disease by history, physical
examination and electrocardiogram. Recipients with cardiac disease, comor-
bidities that predispose to coronary artery disease (CAD), history of previous
CAD or poor cardiac function are further assessed by cardiologists. Generally,
contraindications for transplantation include severe heart disease (New York
Heart Association [NYHA] Functional Class III/IV), severe CAD, left ventricular
dysfunction [ejection fraction <30%] and severe valvular disease.

2.1.1.3 Pulmonary evaluation

Chest radiograph is required for all candidates while chest computerized tomog-
raphy (CT) is reserved for current or former heavy smokers (> 30 pack-years).
Candidates with lung disease are further evaluated by a pulmonologist. Severe
irreversible obstructive or restrictive pulmonary diseases are contraindications for
transplantation.
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Blood . Complete blood count and differential

. Blood group

. INR, PIT

. Tissue typing: CDC and flow cytometry

. Electrolytes: sodium, potassium, calcium, magnesium

. Kidney function: urea, creatinine

N o AW N,

. Liver function: bilirubin, total protein, albumin, alkaline phosphatase, ALT,
AST, LDH, GGT

o]

. Fasting blood glucose, glycated hemoglobin
9. Total cholesterol, HDL, LDL, VLDL, TG

10. Serology: HIV, HBsAg, Anti HCV, CMV, syphilis, EBV, HSV

Radiology 1. Chest radiograph
2. Abdominal and pelvic ultrasound.

3. CT angiography

Urine 1. Urinalysis

2. Urine MCS

Immunology 1. HLA typing, HLA antibodies, crossmatching

Gynecological 1. Pap smear, mammogram for women >40 years or family history of breast
cancer

Other tests . Electrocardiogram
. Echocardiography

. Colonoscopy if >50 years

AW ON R

. PSA in men >50 years

Table 4.
Workup for prospective ovgan transplant recipients.

2.1.1.4 Tuberculosis screening

Sub-Saharan Africa has high prevalence of tuberculosis (TB). It is therefore
necessary to screen for TB in prospective organ recipients with a chest radiograph
and purified protein derivative (PPD) skin test. Candidates with positive TB
screening tests are treated before organ transplantation.

2.1.1.5 Gastrointestinal evaluation

Candidates with history of peptic ulcer disease (PUD) are screened with
oesophagogastroscopy and Helicobacter pylori test. Active diseases including PUD,
diverticulitis, pancreatitis, cholelithiasis and inflammatory bowel disease should be
controlled before transplantation.
2.1.1.6 Serologies

Serological tests for potentially transmissible diseases, like HIV, HBV, HCV,

cytomegalovirus (CMV), Epstein—Barr virus and varicella-zoster virus are usually
performed, and appropriate management instituted when indicated.
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2.1.1.7 Cancer screening

Routine cancer screening is done for all recipients. Chest radiograph is
mandatory while chest CT is reserved for current or former heavy smokers.
Ultrasonography is used for screening candidates at risk of renal cell carcinoma
(dialysis >3 years, family history of renal cancer, acquired cystic disease, analgesic
nephropathy). Those at risk of urinary bladder cancer (high-level exposure to
cyclophosphamide, heavy smoking) require cystoscopy. Patients at risk of hepato-
cellular carcinoma are screened with ultrasonography and serum alpha fetoprotein.
Colonoscopy is done to screen for bowel cancer and inflammatory bowel disease.
Females undergo PAP smear and mammography to exclude cervical and breast
cancer respectively.

2.1.2 Obesity

Obesity increases the risk of post-operative complications. Many transplant
centres prefer a body mass index (BMI) of <30.

2.1.3 Financial considerations and psychosocial status

These are very important aspects of the workup for prospective organ transplant
recipients and will be discussed later.

2.2 Donor

Donor protection should always be taken into account during living donor
selection and assessment. Organ donation should be altruistic, voluntary and
never coerced. Donor evaluation is a multidisciplinary exercise, and is done before,
during and after donation. Due to lack of requisite legislation, supporting infra-
structure, religious and cultural beliefs, mostly living organ donations are done in
SSA countries.

There are risks associated with organ donation and consequently, potential
donors should receive medical, surgical and psychological screening. Pre, intra, and
post-operative care as well as structured post-donation follow up are important.

2.2.1 Clinical evaluation

Potential donors should be healthy and neither too young nor too old. Medical
history and physical examination could elicit risk factors for kidney disease such
as: DM, hypertension, family history of kidney disease, herbal drug, non-steriodal
anti-inflammatory drugs (NSAIDs), and other nephrotoxin use. History and/or
presence of CLD could be suggested by jaundice and alcohol abuse. Also, history
of psychiatric illness, malignancies, smoking and substance abuse, etc. should be
sought and positive candidates excluded. Donors should not be morbidly obese and
blood pressures should be <140/90 mmHg.

2.2.1.1 Donor work-up

For various investigations see Table 5.

Absence of urinary markers of disease such as proteinuria, haematuria, pyuria
and casts, may rule out kidney diseases in potential donors. Glomerular filtration
rate (GFR) should ideally be measured but is often estimated using serum cre-
atinine in most LRCs. Prospective donors are screened for chronic viral diseases.
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Parameters Relevant indices
Age >18, <60 years
History Diabetes mellitus, hypertension, nephrotoxins, alcohol and other substance

abuse, cigarette smoking, psychiatric illness, malignancy

Physical features

Jaundice, pallor, BP >140/90 mmHg, BMI >35

Laboratory features

Hematological FBC, PT/INR

Chemistry SEUCTr, LFT, lipid profile, FBG, HBA1C, PSA, TFT

Microbiology Urinalysis, urine culture

Serological/ HIV, Anti HCV, HBsAg, CMV, EBV, ABO blood group, HLA A, Band DR

immunological

matching, HLA antibody cross- matching

Imaging Ultrasound, CT angiography,
Others ECG, Echocardiography
Table 5.

Workup for potential organ transplant donors.

Notably, CMV positivity in a donor has implication for a CMV-negative recipient,
who due to subsequent immunosuppressive drug use will likely succumb to its
infection. Screening for TB (CXR, Mantoux test, sputum GeneXpert) is important
in SSA because 1/3 of the population is infected with M. tuberculosis [58]. The ABO
blood group compatibility with recipient is mandatory; however, Rhesus factor
mismatch is not a major consideration for solid organ matching. There are many
HLA antigens (Class I: HLA-A, B, and C; Class II: HLA-DR, DQ and DP), but the
HLA A, B and DR are usually cross-matched between donors and recipients (i.e.
tissue typing).HLA antibody cross-matching is important to prevent early graft
rejection. It detects the presence of HLA antibodies in recipients that can react with
donor’s lymphocytes, i.e. donor specific antibodies (DSA).

HLA antibody cross-matching was originally based on complement dependent
cytotoxicity (CDC) assays. It is done with recipient’s serum on donor lymphocytes
or pooled lymphocytes of previous donors within the transplant centre’s population
to determine the Panel Reactive Antibodies (PRA). Reactive Antibodies (PRA). The
PRA estimates the recipient’s chances of tolerating allografts from that population
and is useful for deceased donation.

Solid phase assays, ELISA or flow cytometry (Luminex)-based are now avail-
able and preferred. Most transplant centres in SSA, outsource tissue typing and
HLA antibody cross-matching. Protocols require at least two HLA antibody cross-
matches, with the last, just before the transplant procedure.

Imaging evaluation using ultrasonography and doppler in prospective donors
should demonstrate normal kidneys (sizes and echotexture) and renal blood flow.

The CT-angiography helps to rule out solitary kidney or detect the presence of
multiple or abnormal renal arteries, which have surgical implications for nephrec-
tomy in donors and anastomoses in recipients.

2.2.2 Counseling
Counseling donors on short and long-term risks associated with organ dona-
tion is necessary. Possible complications such as pain, post-operative infections,

blood loss, deep venous thrombosis and pulmonary embolism can occur. Studies
have shown that peri-operative mortality and morbidity during organ donation,
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are about 0.03% and 10% respectively [59]. Some studies show that with careful
selection, kidney donors live long, although hypertension, proteinuria and reduced
GFR can occur over time [60]. The risk of ESKD following kidney donation is about
0.3% [61]. Emotional consequences after organ donation should be anticipated
therefore psychosocial assessment should be independently organized by the
transplant team before and after donation.

2.3 Post donation follow-up

Many transplantation programmes in SSA adopt protocols from established and
experienced centres.

According to US Organ Procurement and Transplantation Network (OPTN)
guidelines, living donor follow-up is done at discharge (or at 6 weeks), 1 year and
2 years [62]. Parameters monitored include weight, blood pressure, lipid profile,
kidney and liver functions. Healthy eating, regular exercise and the dangers of
substance abuse are emphasized. After uneventful 2 years, donor follow-up is
continued by the primary care physicians but for those with adverse outcomes
appropriate referral is made. Post-donation follow-up is important for donor safety
and wellbeing to enable diagnosis and treatment of co-morbidities.

2.4 Psychosocial evaluation

In transplantation, recipients, donors and their families are faced with various
challenges including psychological and behavioral issues. Evaluation is essential in
the following aspects: candidate and donor selection, counseling, pre- and post-

transplant assessment, patient, caregiver and family adjustments to transplant and
issues related to psyche of transplant staff.

2.4.1 Recipient

Various factors exert neuropsychiatric effects in transplantation. Studies link
significant neuropsychiatric adverse effects to cyclosporine, tacrolimus, steroids
and other components of treatment. Therefore, psychosocial issues should be
considered and addressed in order to achieve a successful transplant.

Psychosocial evaluation of patients for transplant include [63]:

* Patient profile: relationships, education, work and legal history

* Expectations from the surgery

* Organ failure: cause, complications, course, adherence to treatment

* Ways of coping with the illness

* Support network: caregivers, family, friends, faith organizations and
employers

* Psychiatric history: extant, past and family.
* Substance abuse history
* Mental status exam: neuropsychiatric tests

* Ability to give informed consent
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There are known stressors before and after transplantation including depression
and hopelessness, anxiety, uncertainty and aggression. These may be followed by
hope, and confidence in an unpredictable pattern as recipients gradually process
adaptation to the new situation.

After Transplantation, recipients pass through three phases of adaptation [64]:

* “Foreign body” phase: the organ feels strange to the recipient. Persecution
anxiety or idealization could arise. The organ could be seen as fragile and
precious, thereby generating excessive protective feelings towards it.

* “Partial incorporation” phase: recipient begins to integrate the organ.
* “Total incorporation” phase: recipient is no longer aware of the organ.

In the long-term postoperative period, medication side effects and associated
comorbidities become central stressors affecting the recipients’ quality of life
(QOL). The most bothersome stressors are work related, like farming, schooling,
etc. [65]. Recipients might feel stressed by the strict adherence to the medical regi-
men. This, in turn, can compromise their adherence after transplantation. Financial
problems and legal disputes constitute other possible sources of psychological strain
with health or pension insurance agencies, where available.

Enabling transplant recipients commence productive employment constitutes
the main goal of transplantation and is considered an indicator of societal participa-
tion [66]. Globally, data show that 18% - 86% of recipients return to work or find
new employment. [67, 68] but no data is available for SSA.

2.4.2 Donor
2.4.2.1 Donors’ motives and decision-making

Multiple factors motivating donors include intrinsic factors (e.g., desire to
relieve another’s suffering or to act in accordance with religious convictions) and
extrinsic factors (social pressures or perceived norms) that may operate simultane-
ously. The combination of motivational forces differs depending on whether and
how the donor is related to the recipient.

Most living donors use two decision-making strategies: [69]: “moral” which
involves awareness that one’s actions can affect another [70] and “rational” which
is focused on gathering relevant information, evaluating alternatives, selecting an
alternative, and implementing the decision.

2.4.2.2 Psychological status and post-donation psychosocial outcomes

Potential donors’ psychological stability has been one of the greatest concerns
for living transplant programmes, particularly in the context of unrelated donation.
The willingness or desire to donate to a stranger has been historically viewed with
suspicion [71, 72]. Studies suggest that most potential donors do not suffer from
mental illness [73, 74]. Many donors have reported positive feelings about dona-
tion however, a few have observed psychological distress, anxiety and depression.
Thus, it becomes critical to identify, and mitigate key risk factors for these poorer
outcomes: non-first degree relatives [75, 76], ambivalent donors [76, 77] and “black
sheep” donors (persons who donate in order to compensate for past wrong doings
or to restore their position in the family) are at higher risk for poorer post-donation
psychosocial outcomes [76, 77].
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3. Surgical aspect of transplantation
3.1 Donor surgery

The donor kidney angiogram is decisive in selecting the kidney to be harvested.
The larger kidney with better blood flow is left for the donor. Minimal access donor
nephrectomy and robot-assisted renal engraftment reduce postoperative complica-
tions. These, however, are not easily available in most LRCs.

3.1.1 Complications of donor nephrectomy

Post-operative donor complications occur in 7.9-22% with bleeding in about 3%.
Infectious, gastrointestinal, respiratory, cardiac and psychiatric complications may
occur [78-80].

3.2 Recipient surgery

The harvested kidney is covered in ice slush, wrapped in gauze piece and
preserved in ice container as organ perfusion machine is not readily available in the
sub-region.

Kidneys with multiple arteries are avoided but if inevitable, arteries are
anastomosed side to side, end to side, or separately onto the external iliac artery
(Figure 4). The right external iliac vessels are more superficial than the left and this
side is frequently preferred for the first renal engraftment.

Anti-reflux uretero-cystostomy is performed over a size 4Fg double J-ureteric
stent (Figure5).

3.2.1 Pitfall in recipients surgery

Sclerosed External Iliac Vein (EIV): this results from repeated cannulation
of EIV for hemodialysis. Recipient pre-operative EIV doppler ultrasound scan for
patency is important. Major complications of recipient engraftment include bleed-
ing, delayed graft function, hyperacute rejection and allograft renal vein thrombosis.

3.3 Peri and post-operative care of renal transplant recipient
Immunosuppressive regimen is divided into induction and maintenance phases.

3.3.1 Induction phase

This is required to prevent acute rejection. Due to sensitization from blood
transfusions, previous pregnancies (females) and increased susceptibility to graft
rejection (in blacks) recipients undergo induction [81]. A combination of anti-
thymocyte globulin (ATG) and methylprednisolone is often used. Prior to this,
patients receive pretreatment with acetaminophen and antihistamines to prevent
cytokine release syndrome associated with ATG.

Biologic agents (Alemtuzumab, Basiliximab, Daclizumab) may be used when
available in less sensitized patients.

3.3.2 Maintenance regimen
To prevent allograft rejection, maintenance immunosuppression is achieved

with a combination of low dose corticosteroid (prednisolone is widely in available
SSA), an antiproliferative agent (mycophenolate mofetil (MMF) or azathioprine)
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Figure 4.
Donor angiogram with multiple left venal arteries.

Figures.
End-to-side donor-recipient arterial anastomosis with kidney wrapped in gauze piece packed with saline ice slush.

and a calcineurin inhibitor (CNI) (tacrolimus (TAC) or cyclosporine (CYP)).
Tacrolimus has shown superiority over cyclosporine in improving graft survival and
preventing acute rejection. Thus, TAC remains an integral part of the common post-
transplant immunosuppressive combination [82]. The initiating dose is titrated to
achieve a trough level of 8-10 ng/ml in the first three months post-transplant.
Prophylaxis against bacteria, fungi and viruses are commenced within this time.
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3.3.2.1 First post-operative week

First day post-surgery, emphasis is on haemodynamic and respiratory stability
as well as urine output. By the first week, good graft function should have been
established and urethral catheter is removed.

3.3.2.2 First three post-operative months

Within this period opportunistic infections are anticipated and appropriate
measures taken. The ureteric stent is removed within 4 — 6 weeks.

3.4 Transplant outcomes in SSA

Absence of transplant registries in SSA precludes transplant data availability.
However, between 2010 and 2015, a hospital in South Africa documented recipi-
ent survival at 1 and 5 years as 90.4% and 83.1% and that of graft 89.4% and 80%
respectively [83].

4. Challenges of transplantation

Organ donation and transplantation in SSA is fraught with numerous challenges
including costs of treatment, inadequate infrastructure and equipment, dearth of
highly skilled health professionals, and lack of well-articulated ethico-legal frame-
work and policies [3].

4.1 Cost of treatment

Cost of kidney transplant varies from country to country. For example, the cost
is estimated at about $32,000 in Nigeria [84], $18,775 in Ghana [85], and $10,000
in Tanzania [20].

Source of funding for organ and tissue donation and transplant depends on
the country: public sources in Ethiopia, Ghana, Mali, Seychelles and Comoros but
private in Nigeria, Burkina Faso, Madagascar and 10 other countries See Table 6.
Most recipients pay OOP either personally or by relatives, employers and to a lesser
extent philanthropists [45]. While the National insurance pays two-thirds of the
transplant cost in Kenya [47], it is free in Tanzania [51].

Post-transplant maintenance of immunosuppression is a major challenge. This
is exigent since therapy must be individualized. Two perspectives associated with
immunosuppression in SSA include:

* Availability, affordability and patient’s adherence to prescription.

* Therapeutic drug monitoring (TDM).

4.1.1 Availability, affordability and patient’s adherence to prescription

Adequate immunosuppression is key to allograft survival. In patients who pay
OOP, prohibitive costs of medications may have negative impact on their finances.
Furthermore, side effects of medications affect their health-related QOL. In many
LRCs, these medicines are imported at high cost and not readily available. These
contribute to poor adherence with subsequent allograft rejection and graft loss.
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Indicator

Countries

Countries with functional transplantation programmes

Functional transplantation programmes from
living donors

Algeria, Céte d’Ivoire, Ethiopia, Ghana, Kenya,
Namibia, Nigeria, United Republic of Tanzania,
Uganda, South Africa

No. of transplant centres in the region

Kidney centres

Algeria, Céte d’Ivoire, Ethiopia, Ghana, Kenya,
Namibia, Nigeria, United Republic of Tanzania, Uganda

Corneal centres

Kenya, Nigeria, South Africa

Bone marrow centres

Nigeria, South Africa

Liver centres

South Africa

Heart centres

South Africa, others perform open heart surgeries

Countries having legal requirements

Legal requirements in place covering organ
donations and/or transplantations

Burkina Faso, Comoros, Céte d’Ivoire, Ethiopia, Kenya,
Mauritius, Namibia, Nigeria, Rwanda, Senegal, Sudan,
United Republic of Tanzania, Uganda, Zimbabwe

Governments intended to adopt new legal
requirements

Cameroon, Chad, Eswatini, Ghana, Guinea,
Madagascar, Mali, Mozambique

No legislations in place

Angola, Benin, Burundi, Cabo Verde, Congo, Eritrea,
Gabon, Guinea Bissau, Seychelles, Sierra Leone

Legal requirements in place to inform living
donors on the risks of the operation

Comoros, Ethiopia, Kenya, Mali, Nigeria, Rwanda,
Senegal, Seychelles, United Republic of Tanzania,
Uganda

Legal restrictions on the coverage of donation
costs for living donors

Comoros, Mali, Rwanda, Senegal

Legal requirement to follow-up on the outcomes
of living donors

Ethiopia, Mali, Senegal, Seychelles

Legal requirement to provide care to
living donors in case of adverse or medical
consequences

Ethiopia, Senegal, Seychelles

Prohibition of organ trafficking/transplant
commercialization

Burkina Faso, Comoros, Céte d’Ivoire, Mali, Namibia,
Nigeria, Rwanda, Senegal

Legal permit and regulation of financial
incentives for living donors

None

Import or export of organs authorized

Ghana, Namibia, Rwanda

Import or export of organs explicitly prohibited

Burkina Faso, Seychelles

Legal requirements for organ and tissue
donations from living donors®

Burkina Faso, Comoros, Cote d’Ivoire, Kenya, Mali,
Nigeria, Rwanda, Senegal, Seychelles, United Republic
of Tanzania, Uganda

No. of countries having an organization and management system

Authorization for transplant services

Burkina Faso, Comoros, Céte d’Ivoire, Ethiopia, Ghana,
Guinea, Kenya, Madagascar, Mali, Nigeria, Senegal,
Uganda, Zimbabwe

Ethics Committees at the national or local level

Burkina Faso, Comoros, Céte d’Ivoire, Ethiopia, Gabon,
Kenya, Mali, Nigeria, Rwanda, Senegal

Government recognized authority at the
national level

Algeria, Cote d’Ivoire, Ethiopia, Ghana, Kenya, Mali,
Nigeria, Senegal, Uganda

Setting up protocols, guidelines,
recommendations

Comoros, Céte d’Ivoire, Ethiopia, Mali, Senegal
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Indicator

Countries

Transplant follow-up registries for post-
transplant living donor and for recipients

Céte d’Ivoire, Ethiopia, Namibia, Uganda

Affiliation with an international organ
allocation organization

None

Cooperation framework to allow
transplantation abroad

Céte d’Ivoire, Ethiopia, Kenya, Namibia, United
Republic of Tanzania, Uganda

Training programme for staff in place

Céte d’Ivoire, Ethiopia

Source of funding

Public Comoros, Ethiopia, Ghana, Mali, Seychelles, United
Republic of Tanzania
Private Céte d’Ivoire, Ghana, Nigeria

Public and Private Kenya, Namibia, South Africa, Uganda

Not Specified Eswatini, Gabon, Zimbabwe

Table 6.
Aspects of transplantation programmes in SSA modified from Loua et al [3].

4.2 Therapeutic drug monitoring (TDM)

Despite their impactful role in improving transplant outcome and graft survival,
immunosuppressive medicines exhibit narrow therapeutic range between levels
that inhibit rejection and toxic levels hence TDM is often required. Establishing a
patient’s dose requirements in the immediate post — surgery period and avoiding
over immunosuppression remains a challenge. Calcineurin inhibitors have variable
pharmacokinetics [86-89]. While ethnic differences have not been demonstrated in
pharmacokinetics of MMF and AZA, African Americans have been shown to have
20-50% lower oral bioavailability for TAC, CYP, sirolimus and everolimus and as
such require higher drug doses than Caucasians [90, 91]. This has been attributed to
genetic polymorphism of key enzymes in the metabolism of these medications [90].
Genetic profiling is not readily done in SSA hence, TDM is essential. This attracts
huge costs for the health system and for patients who pay OOP. It is imperative to
tailor medications to patient’s need. Some countries do not have the capacity to ana-
lyze drug levels, so patient’s blood samples are sent overseas for analysis. Within the
first-year post-transplant, TDM is done at least twice during timed follow-up visit
for patients coming from rural and urban areas. However, more frequent monitor-
ing is done when indicated. During emergency presentation for allograft dysfunc-
tion, patients are admitted, samples for TDM sent out and other possible causes of
allograft dysfunction are excluded or managed if present. Decision to increase drug
dosage is often delayed till TDM result is available but dose reduction or withdrawal
can be done in the presence of overt signs and symptoms suggestive of toxicity. For
subsequent years, TDM is done as indicated.

4.3 Lack of infrastructure and equipment

Tissue typing, cross-matching and some viral studies, which are major aspects of
patient preparation, are done overseas. This tends to delay the procedure and leads
to an increase in the cost of transplantation. Adequate histological evaluation of
biopsy specimens are largely unavailable, making prompt management of rejections
and infections problematic.
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4.4 Dearth of skilled transplant workforce

Health-workforce is the backbone of any health care system. Transplantation
involves collaboration of many health professionals (nephrologists, transplant
surgeons, urologists, renal nurses, pathologists, etc.). Worldwide transplant
workforce and training capacity remain unknown. Of the 47 countries in SSA,
only 15 (32.6%) had data on the number of nephrologists in their countries.
Nigeria and South Africa have the greatest number of nephrologists with rates
<10 per 10,000 population while others have < two per 10,000 population
[3]. The situation is worse for other specialists involved in transplantation.
Opportunities for training and employment have caused brain drain to developed
countries from LRCs [3].

4.5 Transplant programmes

Despite the burden of ESKD in SSA, only few countries have sustained trans-
plant programmes [20]. There are only 62 centres across 7 countries in SSA [3].
Nigeria with a population of 206 million has 15 renal transplant centres (RTCs)
with majority recording low activities ranging 1-5 transplants per year (Personal
Communication). South Africa with a population of 59.37 million (2020) has 14
RTCs and did 250 to 450 kidney transplants annually between 1991 and 2015 [35].

4.6 Shortage of organs

Scarcity of organs for transplantation is a multi-factorial global problem. Living
donors remain the major source of organs for transplantation in SSA with largely
non-existent deceased donor programmes. This has resulted in the persistent
dearth of organs in the face of continuous rise in demand [92]. Unavailable stor-
age facilities, poor knowledge about transplantation, socio-cultural and religious
beliefs (which discourage living organ donation, view deceased organ donation as
a taboo or an act of mutilating the dead with violation of the person’s dignity [84])
contribute to shortage of organs [93].

4.7 Poverty and unemployment

There is pervading poverty in SSA with US bureau of statistics reporting rates
of 87.8%, 56.9%, 40.1%, 40% and 36.1% in Uganda, Ghana, Nigeria, Cameroun
and Kenya respectively [94]. In Nigeria, 85% of ESKD patients earn between
$800-7333 annually making kidney transplantation unaffordable [27, 95].
Although unemployment rate in SSA averages 6.2%, many are underemployed and
earn low income [96].

4.8 Poor accessibility

Most transplant centres are located in urban cities or state capitals reducing
accessibility to rural dwellers [3, 41].

4.9 Cultural and religious considerations
Christianity, Islam and African traditional religion are the major faiths in SSA.

Interplay of faith, religion and cultural attitudes and their relationship with views
on organ donation is complex. Response to illness as God’s will negates organ
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donation or reception. Belief in resurrection and reincarnation precludes organ
donation since the ‘new body’ may have some missing parts. Desecration of the
body of the deceased is reported as a factor prohibiting family members from
donating body parts of their deceased relatives.

4.10 Poor coordination and management

Functional organizational mechanism for transplant programmes including
authorization for transplant services; ethics committees, guidelines and proto-
cols, etc. are few in the region [41, 93]. Additionally, transplant is not sufficiently
integrated into national health services and collaboration between SSA countries is
limited.

Absence of functional and reliable registries militate against planning and
implementation of policies due to lack of data. Most countries do not include
performance indicators for organ donation and transplantation in their national
health information systems. In addition, there is insufficient multisectoral (schools,
transport departments, NGOs, Civil Society Organizations, etc.) involvement in
transplantation programmes in SSA.

4.11 Legal and regulatory policies

Some countries have legislation for organ donation and transplantation while
others are in various stages of developing theirs (Table 6). The weak regula-
tory frameworks observed in these countries are often insufficient to ensure the
effective oversight needed for the implementation of quality standards for organ
transplantation.

4.12 Transplant tourism (TT)

The Declaration of Istanbul defines organ transplant tourism as travel for
transplantation involving trafficking in persons, for the purpose of organ
removal. Organ trafficking is defined as “the recruitment, transport, transfer,
harboring, or receipt of living or deceased persons or their organs by means of any form
of coercion, of abduction, of fraud, of deception, of the abuse of power or of a position
of vulnerability, or of the giving to, or the receiving by, a thivd party of payments, or
benefits to achieve the transfer of control over the potential donor for the purpose of
exploitation by the removal of organs for transplantation [97].” Transplant commer-
cialism is the buying and selling of organs i.e. treating of organs as commodities.
Travel for transplantation is the transport of organs, donors, recipients, or the
professionals across borders for transplantation and it becomes TT if it entails
organ trafficking and/or transplant commercialism [97]. Transplant tourism has
become an increasing component of medical tourism (MT) especially in SSA.
The disparity between the demand for and supply of organs encourages illegal
organ procurement as transplantation may the only life-saving treatment in many
end-organ failure. Unavailability and high cost of healthcare, lack of faith in local
health systems, widening economic gap, ease of global travel and uneven global
application of laws, have led to increase in TT.

5. Transplant opportunities

Transplantation holds lots of opportunities which if well harnessed can improve
healthcare in SSA.
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5.1 Availability of organs for transplantation

For sustainable transplantation programme, individuals, community and
governmental commitment and collaboration are required. Availability of organs
can be increased through heightened public enlightenment campaigns emphasizing
preventive medicine and change in the community’s organ donation perception.
This can be achieved by partnering with religious bodies, individual, family and
community education, inclusion of transplantation and donation in school syllabus,
alliance with the department of motor vehicles (DMV) and novel donation pro-
grammes (kidney paired donation, extended criteria organ donation and altruistic
non-directed donation).

5.2 Comprehensive legislation and regulation

Transplantation has significant medico-legal implications requiring robust legal
framework. This should cover organ donation legitimacy, regulatory bodies, criteria
and processes of accreditation, certification and standardization of transplant
centres [98]. Transplantation programmes afford SSA opportunities to learn and
adapt legislation from other regions. In 2008, Israeli parliament accepted two laws
from their Ministry of Health - the Brain-Respiratory Death for determination of
brain death and the Organ transplantation laws [99]. These laws defined the ethical,
legal and organizational aspects of organ donation, allocation and transplantation
with prioritization of registered donors, donor reimbursement and life insurance
[99]. These and stoppage of illegal TT reimbursement significantly increased living
and deceased organ donation by 2011 [99, 100].

5.3 Manpower development

The Multidisciplinary nature of transplant programmes demands highly skilled
manpower often not obtainable in many parts of SSA, hence the need for collabora-
tion with advanced transplant centres. Such patnership enables capacity develop-
ment and training of specialized workforce which will serve the local and sister
institutions.

5.4 Transplant protocols and registry

Successful transplantation requires protocols for recipient and donor care.
Transplant centres in LRCs can develop or adapt protocols from advanced centres,
international organizations like United Network for Organ Sharing, Donation and
Transplant Institute etc. National registries of organ transplant and outcomes are
essential for documentation of transplant activities, reporting of short and long-
term outcomes, and for planning and budgeting.

5.5 Developing transplant programmes

Each country should establish a sustainable transplant programme.
Development of such services will curb organ trafficking and TT [101]. It entails
infrastructural, legislative and manpower development with national government’s
political will [35, 102]. A well-defined mode of funding which includes transplanta-
tion in national health insurance coverage ensures sustainability.

Transplantation programme can be established in a staged fashion [101]: enact-
ing transplantation related laws and regulations, capacity building, extensive public
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enlightenment campaigns and transplant beginning with live-donor and subse-
quently, deceased-donor.

5.5.1 Transplant models
Models that can be adapted include:
5.5.1.1 The Pakistani model

In the Pakistani model [103, 104], following intense public enlightenment,
the community assumed ownership of the programme through donations as
individuals, communities and NGOs. Government provided 30-40% of required
cost, infrastructure, staff training and emolument enabling patients to receive
free nephrology and transplantation care plus post-transplant rehabilitation.
Accountability, transparency and equity ensured the success of this model.

5.5.1.2 Iranian model

Following development of indigenous transplant programme in 1985, there was
an unwieldy transplant waiting list necessitating government-sponsored live-
unrelated transplant with donor compensation [105]. This programme successfully
eliminated waiting list by 1999 increasing kidney transplantation to 28 pmp per
year. The Dialysis and Transplant Patients Association facilitated donor-recipient
matching excluding third party. Donors also received government-funded life
health insurance and gifts. Government additionally supported importation and
free distribution of immunosuppressive medications to recipients. Deceased donor
transplantation has steadily increased since 2000.

These models emphasize the indispensable roles of community, government and
NGOs in ensuring the existence of a sustainable transplantation programme.

6. Other aspects of transplantation in sub-Saharan Africa: guidance
efforts by international organization

The World Health Assembly (WHA) adopted resolutions WHA57.18 and
WHA63.22 [106, 107], and the WHO guiding principles on human cell, tissue and
organ transplantation to guide transplantation programmes and activities [108].
The United Nations General assembly adopted these resolutions to strengthen
and promote effective measures and international cooperation to prevent and
combat organ trafficking [109]. The Istanbul declaration on organ trafficking and
TT recommends a legal and professional framework to govern organ donation
and transplantation activities, transparent regulatory oversight system to ensure
donor and recipient safety, enforce standards and prohibit unethical practices in all
countries [97]. A Task Force to check unwholesome practices in transplantation was
set up and inaugurated by WHO in 2017 [110].

During the 2013 Global Alliance of Transplantation (GAT) meeting organized
by Southern African Transplant Society in Durban [3], the transplantation society
(TTS) sponsored a meeting for countries in SSA to assess the need for and ability to
optimize or develop local transplant programmes. In 2015, the South African Renal
Society—African Association of Nephrology in collaboration with European Renal
Association-European Dialysis and Transplant Association held a pre-congress
workshop to encourage SSA countries to develop renal registries [111]. Attempts
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at establishing renal registries in SSA have met with challenges. The International
Society of Nephrology (ISN) is supporting establishment of renal registries
worldwide through her SHARing Expertise (https://www.theisn.org/initiatives/
data-collection/). Leveraging on such programmes can help SSA countries establish
reliable registries.

To improve kidney disease patients’ care and capacity building worldwide, ISN
pioneers these programs: fellowship, ISN continuing medical education, sister
renal centre (SRC), sister transplant centre (STC) and educational ambassadors
programme. Through ISN- TTS-STC program, ISN encourages establishment and
development of transplant centres (www.theisn.org/programs). In ISN- TTS STC
programme, SSA centres (emerging centres) can partner with developed centres
(supporting centre) for capacity building through institutional and exchange train-
ing programmes at no cost to the individual or his home institution. This partner-
ship is superior to the intermittent use of paid expatriates in some SSA countries.

7. Recommendations

Improvement in the transplant landscape of SSA can be achieved by adapt-
ing models that have proven successful in LRCs such as those of Pakistan and
Iran. Implementing the 2007 World Health Organization Regional Consultation
recommendations: establishment of national legal framework and self-sufficient
organ donation and transplantation in each country, transparent transplantation
practices, and prevention of commercialized transplantation and TT will improve
transplantation programmes in SSA. Also, adopting the WHO Regional Committee
for Africa’s proposed actions on organ transplantation for member states and estab-
lishment of national registries for organ transplantation in each country are needed.

8. Conclusion

Sub-Saharan Africa, comprising of 47 countries and occupying an area of about
24 million Km” is heterogeneous with estimated population of 1.1 billion people.
Most of the countries belong to the LICs and LMICs according to World Bank
Classification of economies. This region has a high prevalence of end-organ diseases
including CKD, CLD, chronic lung diseases and chronic heart diseases resulting
from CDs and NCDs.

Although South Africa performed Africa’ first kidney transplant in 1966 and
pioneered heart transplantation in 1967, SSA lags behind the developed world
in transplant activity. According to WHO, SSA contributes the least number of
transplant activity per WHO World region. Cost of treatment, low GDP, inad-
equate infrastructural and institutional support, dearth of facilities and technical
expertise and absence of subsidy have all adversely affected organ donation and
transplantation.

The health-care systems in SSA are weak and deficient. Peoples’ decision to
access healthcare services is influenced by knowledge of the disease condition,
accessibility to health-care facility, affordability, religious and trado-cultural
practices. Many people in LRCs patronize alternative healthcare service including
traditional health providers and religious institutions as first choice resulting in late
presentation to hospitals.

These challenges can be surmounted by adopting the 2007 World Health
Organization Regional Consultation recommendations of establishment of national
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legal framework, self-sufficient organ donation and transplantation in each
country, transparent transplantation practice, and prevention of commercialized
transplantation and TT. In addition, establishment of national registries of organ
transplantation is essential.
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Chapter 3

Surgical Techniques of Multiorgan
Procurement from a Deceased
Donor

Farzad Kakaei

Abstract

Solid organ transplantation is now the standard treatment for many types of
diseases and using a standard surgical technique for organ procurement from
the deceased donors is an important step in preventing complications after such
complicated procedures. In most centers, retrieval of heart, lungs, liver, kidneys,
small bowel, pancreas and other organs is done at the same time by different
surgeons under supervision by a team leader who is most familiar with at least basic
steps of surgical technique of procurement of all the solid organs. Each transplant
surgeon, regardless of his or her sub-specialty, has to know how to prepare and
dissect the delicate anatomical structures which are in common between the two
adjacent organs for example portal vein (liver-pancreas), superior mesenteric vein
(pancreas-small bowel), abdominal inferior vena cava (liver-kidneys), supra-
diaphragmatic inferior vena cava (liver-heart) and pulmonary artery-veins (heart-
lungs). This needs a multidisciplinary approach by the most experienced members
of the transplant team to decrease the warm ischemic time of the organs without
any harm to them by better coordination between all the surgeons. In this, chapter
we briefly describe the multiorgan retrieval procedure in a deceased donor, and
we hope that following these instructions results in better quality of the procured
organs without jeopardizing their vital anatomical structures.

Keywords: organ transplantation, multiorgan procurement, deceased donor, surgery,
technique

1. Introduction

Organ transplantation from deceased donor is the standard technique for
treatment of so many diseases which is totally incurable without such complicated
surgeries. A deceased donor has multiple solid organs that may be used for trans-
plantation and multidisciplinary approach and delicate coordination between
different medical and surgical teams is needed to ensure that these organs are fully
functional after retrieval. Heart, lungs, liver, kidneys, pancreas and small bowel are
among the most important organs that should be harvested at the same time from
one donor and each surgeon who is in charge of such a complicated surgery should
be familiar with at least basic techniques of other organs retrieval to prevent any
harm to sensitive anatomic components of each organ especially those which are
in common between two nearby organs, for example portal vein and celiac trunk
(liver and pancreas), abdominal inferior vena cava (liver and kidneys), superior
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mesenteric artery and vein (pancreas and small intestine), supra-diaphragmatic
inferior vena cava (heart and liver), pulmonary artery and veins (heart and lungs).
Chairman of the team should be the most expert surgeon who has the longest expe-
rience with all aspects of multiorgan procurement surgery. In this chapter we will
be discuss the basic aspects of surgical techniques which every transplant surgeon
has to know about such an important procedure.

2. Brief history of multiorgan donation

The era of organ transplantation was started successful kidney transplantation
in the early 1950s. First organ donation from non-heart-beating donors was associ-
ated with successful liver transplantation by Thomas Starzl in 1963 [1]. First rare
heart-beating donors without any hope of survival (not living donors) were those
who underwent cardiac bypass but not able to detach from the heart-lung machine
whose kidneys were used for transplantation before death in 1962 [2]. Next suc-
cessful transplantation from heart-beating donors were done in 1964 in Sweden
and in 1966 in United States from patients with irreversible brain damage under
mechanical ventilation [2]. The term “cerebral death” was supposed by Swedish
neurosurgeons in 1965 [3]. First series of successful liver transplantations from
such “brain death” donors was done by Thomas Starzl in 1967-1968 and Professor
Barnard do the first successful heart transplant in the same year from another
brain-dead person [2]. At that time Barnard waited for cardiac asystole to prevent
any negative debate for “brain death concept” in the community [4]. In the next
decade many authorities in all the pioneer countries in transplantation made every
effort to legally confirm the brain death patients as a potential donor and at last in
1971 the “Uniform Anatomical Gift Act” in Kansas was approved by the governor
as a basis for globalization of legally “brain death concept™ [5]. Development of
multiple transplant teams in next decade resulted in first multiorgan retrieval
procedures from the same donor in the 1980s [6, 7]. First heart-lung transplant was
done in 1982 and first long term survived lung transplant alone was done in 1987
[8]. In the same era till the 1990s, successful combined transplantation such as liver
combined with small bowel and other more complex multivisceral transplantation
was developed by Thomas Starzl and his former fellow Andreas Tzakis [9]. Thanks
to all the pioneers’ efforts, now we have a near standard technique for multiorgan
procurement from all stable brain-dead donors. Only the availability of all the team
members and also the suitability of all the organs and suitable recipients are among
the remaining obstacle such a complex procedure and multiorgan donation at the
same time is a rule in most experienced transplant centers.

3. Donor management

Ideally, every deceased donor should be completely stable before and during
transfer to the operating theater. Central venous pressure should be maintained
between 10 and 12 mmHg for better function of abdominal organs but for lung
retrieval this pressure should be maintained around 8 mmHg [10]. Systolic blood
pressure maintenance over 100 mmHg and mean arterial pressure over 60 mmHg
by using inotropes and crystalloid infusion is critical. Dopamine, dobutamine,
vasopressin and nor-adrenaline may be used but when heart is being used for
transplantation dosage of nor-adrenaline over 0.05 microgram/kg/min may reduce
cardiac contractility after transplantation and should be avoided [11]. In such cases
insertion of Swan-Ganz catheter is mandatory.
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Every effort should be done to maintain PaO, > 100 mmHg, SpO, > 95%, PaCO,
between 35 and 40 mmHg and pH between 7.35 and 7.45 by using lung protective
strategy including avoidance of excessive intravenous fluids, minimal tidal volume
(8-12/minute) and lowest FiO, [12].

For hormonal management, intravenous infusion of 1000 mg (15 mg/kg) meth-
ylprednisolone succinate, insulin (target glucose level of 80-150 mg/dl), vasopressin
0.5-4 U/h) or intranasal desmopressin (1-2 puff every 6 hours) and thyroxine replace-
ment (4 mcg/h) is the standard of treatment to reduce the systemic inflammatory
response in these patients and maintaining the hemodynamic stability of them [10].

Urine output is better maintained between 100 and 300 ml/hour to prevent
hypo or hypernatremia. Potassium (K*) replacement should be started when serum
potassium level is reduced (target K* level 3.5-4.5 meq/1). Lactated ringer’s solution
or half saline solution is the best available fluid for these patients and using colloids
such as albumin should be avoided [13].

Body temperature should be maintained over 35.8°C [13] for better cardiac
function and prevention of coagulation cascade and hypoxic tissue damage. To
reduce cardiac arrhythmias maintaining normal body temperature, hemodynam-
ics, electrolyte, hemoglobin levels over 10 g/dl and minimal use of vasopressors
is essential. Calcium, phosphorus and magnesium also should be maintained at
physiologic level to prevent cardiac arrhythmias during the surgery [14].

4. Key controversies in the result of multiorgan procurement

We have many unresolved issues about multiorgan procurement surgery that
needs more time to answer by the researchers. As the same with other works which
are done by a team, expertise of each of the team member and their coordina-
tion with other members have a great effect on the final result of the operation.
Undoubtedly, multiorgan retrieval may compromise the function of each organ
and will be associated with a higher incidence of delicate anatomical structures
damage. It may be better to perform all the dissections without any compromise
in the circulation of any other organs. Many researchers show that this concern is
not completely definite. Even some authors in their prospective and retrospective
studies show that multiorgan harvesting may improve each separate organ function
[10]. The main factor that affects the final result is the stability of the patient during
the operation and the expertise of who is in charge of the whole operation [15]. One
study shows that renal anatomical damage is more common when the operation is
done by renal team only and if the operation is done by the liver team with experi-
ence of more than 50 procurement per year, the final anatomical (artery, vein ureter
or capsular) damage will be significantly reduced [16]. In unstable patients, it is the
duty of the team leader to determine which organ is more important and is the first
priority. Usually in urgent situations, this is the “liver”, because liver transplantation
has the only way to cure the hepatic failure without any other treatment option in
these patients with an acceptable success rate.

Another concern is that should dissection be done in warm or cold condition and
en-bloc or separate organ retrieval is different? In fact, although theoretically the
anatomical damage may be reduced if all the delicate dissections are performed in
the donor before clamping of the aorta and all the organs retrieved separately, but
most studies show that en-bloc retrieval and continuing the dissections after whole
body cooling and whole blood evacuation have better results [10]. The rationale
for this concept is that complete dissection especially in inexperienced hands is
extremely time consuming and may result in end organ ischemia by inducing vaso-
spasm. Using rapid technique is more acceptable for operating room personnel and
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other members of the team, and this technique that one was used only for unstable
donors is now the routine in most transplant centers [10].

Although most centers are reluctant to change their previous successful policies
and it is a routine to perform double cannulation (aortic and portal) for dual perfu-
sion of the liver, but nowadays with increased use of the pancreas and small bowel
for transplantation, double perfusion may be replaced by the single aortic perfusion
as a rule for most deceased donors [10]. With the advent of machine perfusion
which used only one system for ex situ perfusion, there is increasingly more doubt
about need for double perfusion and most studies shows that arterial perfusion is
more important in saving the organ function especially the biliary system [17].

5. Type, volume, and pressure of preservation solution

Historically, blood is the first perfusate that was used for organ preservation
[18]. After that, Alexis Carrel reported the first nOn-bood solution named Tyrode’s
solution which can preserve cat thyroid tissue viable for 3-21 days [18]. In 1960s
hypothermia added to blood or serum for better survival of kidney grafts. Since
then, static cold storage (STS) by perfusion of the organs by cold (0-4°C) solutions
was accepted as the gold standard for organ preservation till now [18]. Collin’s solu-
tion (invented in 1969) and then Euro-Collin’s (1980) were the standard solution
for organ preservation for next two decades and at last University of Wisconsin
(UW) solution was invented by Belzer in 1985 [19]. This solution is low Na®, high
K" solution like intracellular fluid (ICF) which was the gold standard for organ
preservation for at least 2 decades.

Histidine-tryptophan-ketoglutarate (HTK) (low Na®, high K* with cardiople-
gic effects) and Celsior (high Na*, low K*) solutions are next preservative fluids
which was initially used only for heart transplantation in 1990s which were much
cheaper and very soon, UW was replaced by these solutions in all abdominal organ
transplantations in some transplant centers [18]. Although, these solutions have
lower cost and lower viscosities, but till now, UW is the standard solution for heart
transplantation in most centers [20]. IGL-1® (Institute George Lopez-1) liquid is
another low viscosity solution which reversed electrolyte concentration compared
with UW (K+ 25 meq/], Na + 120 meq/1) with lower cardiac complication and
some centers proved that with the use of this liquid, the results of liver and kidney
transplantation will be better.

High K" concentration of this solution made them unsuitable for lung trans-
plantation because of high risk of pulmonary vasoconstriction [20]. Perfadex®
(a low-potassium dextran glucose solution) was invented with characteristics of
extracellular fluid for this purpose in late 1980s and since then then is used as the
standard preservative for lung transplantation [18].

In multiorgan procurement procedure which is a routine procedure in high vol-
ume transplant centers, each team usually used its preferred solution for individual
organ transplantation. For example, cardiac and abdominal teams may choose HTK
or UW solution but pulmonary team uses Perfadex®, and when a heart-lung trans-
plantation is performed en-bloc in one person, then they should use a cardioplegic
solution first and after that Perfadex® for pulmonary preservation. Table 1 shows
the characteristics of most popular different preservation solutions which are
commercially available now.

Another dilemma that should be resolved is the rate and pressure of preservative
solutions. Perfusion by a cold perfusate in not a physiologic process and most teams
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Name of the solution

Osmolar
characteristic

Major composition

Viaspan® (UW
solution, University of
Wisconsin solution)

Intracellular

K* 125 meq/] (prevents the K* transudation of the cells but
may cause vasoconstriction)

Na + 29 meq/1

Hydroxyethyl starch (HES) (reduce extravasation of the
fluids but by increasing the viscosity and RBC aggregation
may increase renal damage)

Raffinose (prevention of cell swelling after cooling)
Glutathione (reduction of oxidative effects of free oxygen
radicals)

Adenosine (increase ATP levels)

Allopurinol (protective effect in ischemia by xanthine
oxidase inhibition)

Lactobionic acid (prevention of intracellular edema)

HTK®

Extracellular

K" 9 meq/l

Na® 15 meq/1

Histidine (precursor for energy metabolism and buffering
effect)

Tryptophan (cell membrane stabilization and oxygen free
radicals’ removal)

a-ketoglutaric acid (primary substrate for anaerobic
metabolism)

Mannitol (prevents hypothermic cell swelling)

Higher volume is needed (6-10 lit)

Diastolic cardiac arrest

IGL-1®

Extracellular

Based on UW with reversed Na"/K* concentration (may
reduce cardiovascular complication)

K* 25 meq/1

Na* 120 meq/1

Polyethylene glycol (PEG-35) (instead of HES for
stabilization of the lipid layer of the cell membrane)
Allopurinol (protective effect in ischemia by xanthine
oxidase inhibition)

Adenosine (increase ATP levels)

Raffinose (prevention of cell swelling after cooling)
Glutathione (reduction of oxidative effects of free oxygen
radicals)

Celsior®

Extracellular

K" 15 meq/1

Na* 100 meq/1

320-360 mOsm/I (hypertonic)

Lactobionic acid (prevention of intracellular edema)
Mannitol (prevents hypothermic cell swelling)

Histidine (precursor for energy metabolism and buffering
effect)

Glutathione (reduction of oxidative effects of free oxygen
radicals)

Glutamate (prevent intracellular flush of calcium)

Plegisol®

Extracellular

K* 16 meq/1

Na* 110 meq/1

Osmolarity of 328 mOsm/l and pH = 78.

Ca* (for prevention of calcium flush and sarcolemmic
cracking

Phosphate buffer (counteracts the effects of metabolic
acidosis).

Mg* is (myocardial stabilization by inhibition of myosin
chain phosphorylation)

Suitable only for cardiac transplant
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Name of the solution

Osmolar
characteristic

Major composition

Polysol (PS)

Extracellular

Na* 120 meq/1

K* 15 meq/1

Osmolarity 320 mOsm/I.

Polyethylene glycol (PEG-35) (stabilization of the lipid layer
of the cell membrane)

Phosphate buffer (counteracts the effects of metabolic
acidosis).

Histidine (precursor for energy metabolism and buffering
effect

HEPES (buffer of N-(2-hydroxyethyl) piperazine-N-2-
ethanesulfonic acid)

Glutathione (reduction of oxidative effects of free oxygen
radicals)

Raffinose (prevention of cell swelling after cooling)
Trehalose (cytoprotective effect)

Vitamins B1, B2, B3, B4, BS5, B6, B7, BS, B9, B12, C, A, D2,
E, and K3

21 amino acids (alanine, arginine, asparagine, cysteine,
glutamine, glycine, isoleucine, leucine, lysine, methionine,
ornithine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, valine)

Perfadex®

Extracellular

Na* 138 meq/lit

K* 6 meq/1

Osmolarity 292 mOsm/1

pH74)

Dextran 40 (50 g/1) (maintains fluids in the endovascular
space)

Glucose (as a source of energy)

Phosphate buffer (counteracts the effects of metabolic
acidosis)

Suitable only for lung preservation

ET-Kyoto

extracellular

Na* 107 mmol/l

K* 42 meq/1

Osmolarity 366 mOsm/1

Trehalose (cytoprotective effect)

Gluconate (counteract cell swelling)

Hydroxyethyl starch (HES) (reduce extravasation of the
fluids but by increasing the viscosity and RBC aggregation
may increase renal damage)

Phosphate buffer (prevents metabolic acidosis)
Db-cAMP (cyclic adenosine monophosphate dibutyltin)
Nitroglycerine (protect the vascular endothelial cells)
N-acetylcysteine (NAC) (antioxidant effect and a free
radical scavenger)

Approved only for lung transplantation

Table 1.

Chavacteristics of different popular preservation solutions.

accepted the 80-100 cm H,O (1 m gravity pressure) as the acceptable pressure for
all organs and 150 cm H,O for aortic infusion [10]. With the advent of machine per-
fusion, it is shown that target arterial flow of 0.25 mL/minute/g and target vOnous
flow of 0.75 mL/minute/g liver tissue and mean arterial and portal venous pressure
of 30-50 and 8-10 mmHg, respectively, are the acceptable rates for liver transplan-
tation and these figures could be extrapolated to the multiple abdominal organ
retrieval procedure [21]. Higher pressure for portal vein irrigation is definitively
deleterious for post-transplant function of the graft. For pancreas transplantation
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the machine pressure should be maintained between 50 and 70 mmHg but the
maximum pressure that is acceptable during deceased donor harvesting is not well-
defined, although most researchers suggest that overflow of the irrigation of the
pancreas tissue is very harmful to its future function [22].

In the adults, for prevention of micro- and macrovascular thrombosis, the
standard dosage of heparin is 300 IU/kg and total volume of UW solution is 2-3
liter through the aortic cannula and 1 lit through the portal vein with a flow rate
of 50-100 ml/kg/min for abdominal organ transplantation and another 1 liter for
back-table preparation of the liver and at least 20 ml for irrigation of the bile ducts
[23]. For lower viscosity solutions such as Celsior, HTK or IGL-1®, total volume
of perfusate should increase to 6 liters [23] in order to achieve better irrigation of
the total blood volume of the harvested organs. For pediatric donors the dosage of
heparin is 500 IU/kg and total volume of perfusate should be around 50 ml/kg [23].

6. Cooling

Peritoneal cooling technique by slush ice is a safe and accepted old method
for better organ function. It is a routine in all transplant units to use a perfusion
temperature of 0-4°C for flushing all the organs but it is not widely proofed
that the use of topical slush ice is really beneficial [24]. One author could prove
that retroperitoneal slush ice may improve renal function [25] and another one
showed improved islet cell recovery from pancreas grafts by using additional
slush ice around the pancreas during the organ procurement [26]. There are so
many reports in the literature about successful heart and lung transplantation
after using topical ice. Transporting the organs in plastic bags filled with organ
preservation solution and putting them into another ice —filled bag or cool box is
the standard method of transferring organs between different transplant centers.
Topical slush ice should be accepted as a routine until better prospective studies
show another method but in all steps of organ procurement, preservation and
transferring, it is extremely necessary to prevent organs’ freezing with the use
of good preservative solutions and prevention of direct contact of the ice to the
tissues after retrieval.

7. Surgical procedure
7.1 General principles
Thomas Starzl and his team are the pioneer of multiple organ harvesting from
the deceased donor and the technique that they described has minimal change till
now after more than 3 decades [27]. All the procurement procedures have some
steps in common:
i. Anesthesiologist management and use of muscle relaxant if needed

ii. Preparation and drape

iii. Long midline sternal and abdominal incision (with transverse extensions if

needed)

iv. Primary evaluation of all the torso organs (with frozen section evaluations
when indicated)
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v. Control of the aorta for next step cannulation (abdominal; and thoracic if
heart transplantation is planned)

vi. Control of supra-celiac and supra-iliac aorta for clamping (for better irriga-
tion of abdominal organs with lower volume of preservative solutions)

vii. Warm dissection of all the important anatomic structures when indicated
and the patient’s hemodynamic is stable (for example portal vein, gastroduo-
denal artery, base of superior mesenteric artery and vein, renal arteries,
veins and ureters, pulmonary artery and veins, bile duct, proximal and distal
part of the duodenum, etc.)

viii. Preparation of the femoral, iliac vein or inferior vena cava (between the
heart and liver, superior to renal veins, near its pelvic bifurcation) for evacu-
ation of blood at the end of operation.

ix. Full heparinization (300/500 IU/kg)

x. Cannulation of aorta (abdominal; and thoracic if heart transplantation
is planned); and portal vein if the patient is stable (through the superior
mesenteric vein; or inferior mesenteric vein if short bowel transplanta-
tion is planned or cannulation of superior mesenteric vein is impossible or

difficult)

—_-

xi. Clamping of supra-celiac, supra-iliac and thoracic aortic arc and beginning
of irrigation and evacuation of blood through the previous large controlled

veins and filling around of all organs with slush ice at the same time.

—-

xii. Removal of the organs with this order: heart, lung, liver, pancreas, small
bowel, kidneys, iliac and other large vessels, tissues with potential use as
grafts (pericardium, bones, cartilages, tendons, skin, cornea, ...). This order

may be changed according to planned transplantations and center expertise.
7.2 Starting the operation

Table 2 shows the checklist for essential pre-requisites of the donor character-
istics before starting the operation. The surgical team should confirm that all the
data in this checklist is ready and acceptable before starting the operation. Usually
in most transplant units, the “liver team” is in charge of the whole operation and
the operation is started by the most experienced and self- sufficient surgeon in
this team by a long midline incision from jugular notch to symphysis pubis in the
stable patient. In unstable patients all the steps of the operation may be omitted and
replaced by femoral artery and vein cannulation for cold infusion of the preserva-
tive fluid and evacuation of the blood and after that all the dissections should be
done after in situ cooling and aortic cross clamping below or above the diaphragm.

The time of the starting of the incision must be fully coordinated by all the
other team members, coordinators and the in-hospital and out of hospital transport
system to decrease the total ischemic time to the lowest possible time. It is better not
to transfer the donor to other hospitals and in most countries, it is the procurement
team that should go the donor hospital and they should have all the equipment,
drugs, preservative solutions, organ bags, cool-boxes and surgical instruments that
is essential with themselves. The leader of the team should finally check all the pre-
requisites of the organ donation operation including informed consent of donation,
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Donor eligibility

Informed consent of donation by the next of keen

Brain death confirmation by the authorities

Hemodynamic stability (ideal)

Central venous pressure 10-12 cmH,0

Systolic blood pressure maintenance >100 mmHg and mean arterial
pressure >60 mmHg

Pa0, > 100 mmHg, SpO, > 95%, PaCO, between 35 and 40 mmHg and pH
between 7.35 and 745

Urine output between 100 and 300 ml/hour

No electrolyte imbalance

Na® < 160 and K* 3.5-4.5 meq/1

Normal Ca*, MgZM and P

Negative viral tests

HBsAg, HCVAb, HIVAb, HTLV-1

No active infection

No malignancy

Normal organ specific function tests

Liver function tests, creatinine, histocompatibility tests results,
echocardiography, ECG, angiography, bronchoscopy and Gram stains,
chest imaging studies, insulin levels, etc.

Coordination with all the teams involved

Readiness of all the recipients and their surgical team

Availability of all surgical equipment needed

Coordination with transport system

Table 2.
Checklist for donor preparedness before starting the operation.

brain death confirmation (patient identity and certificate of death), important
blood tests (especially the blood group and viral tests), previous history (especially
history of untreated cancer and previous surgeries) and suitability of the donor just
before the operation. Discussion of the steps of the operation with other teams will
decrease potential injury to the retrievable organs.

A general physical exam is absolutely necessary because all palpable masses in
the unexposed area such as breasts, genitalia, axillary and inguinal regions or any
skin lesions which are suspicious for malignancies should be excised for pathologic
examination.

Every surgeon has to use his or her maximum delicate surgical art to prevent any
harm to any of the transplantable organs. For example, if the donor has previous
midline sternotomy incision with potential adhesions of the heart, the thoracic inci-
sion should be delayed until all abdominal dissections are completed. Sternum may
be incised by Gigli’s saw or Stryker® sternal saw if available. After incision, com-
plete hemostasis of all cutting surfaces is essential to prevent obscuring bleeding
and suitable retractors such as large Finochietto retractors are placed for maximum
exposure of the organs. All the organs should be explored for potential contraindi-
cations for donation such as congenital anomalies, malignancies or severe infective
processes such as colon perforation or peritonitis.
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7.3 Dissection of abdominal organs and large vessel cannulation

Every disturbing adhesion from previous surgeries should be released first to
prevent jeopardizing the bowel wall. Superior mesenteric vein is dissected and
controlled in the root of mesentery just to the right side of the Treitz ligament and
the inferior mesenteric vein in the edge of this ligament. Cephalad retraction of the
transverse mesocolon and caudal retraction of small bowel will better expose these
two anatomic landmarks. After that, abdominal aorta and inferior vena cava (IVC)
are fully exposed and controlled for cannulation by a complete right medial rotation
of abdominal viscera from pelvic area till the infra-duodenal area superior to both
renal veins. This step has to be done with caution to find all accessory renal arteries
and prevent any inadvertent injury to lumbar arteries or veins which will result in
uncontrollable or disturbing bleeding. If the distal aorta is not cannulable, the iliac
arteries can be used instead. Inferior mesenteric artery (IMA) can be ligated and
both ureters can be mobilized at this step but without any trauma to the tissues
common between the ureters and genital veins.

Lesser sac is entered through the gastrohepatic ligament with caution not to
injure potential left accessory hepatic artery. Left lateral segment of the liver is
taken down from the diaphragm and supra-celiac aorta is exposed by blunt dissec-
tion of diaphragmatic crura and setting aside the abdominal esophagus and then
controlled by an umbilical tape. If such dissections are impossible due to previous
adhesions or any other reason, then thoracic aorta should be controlled in the left
hemithorax just above the diaphragm and anterior to the lower thoracic vertebra.

At this stage, if “rapid flush technique” is chosen due to patient’s instability, the
operation is ended by full heparinization and aortic and portal cannulation, clamping
the aorta and cutting the abdominal or infra-atrial IVC for blood evacuation along
with the infusion of the preservative solution and covering all the viscera by slush ice.

If the patient is stable further dissections will be done. Bile duct is tran-
sected above the duodenum and flushed with 20 ml of cold normal saline.
Cholecystectomy is performed. Gastroduodenal artery is explored in upper border
of pancreas. If pancreas is suitable for transplantation, duodenum is prepared just
next to the pylorus and after the pancreas uncinate process, posterior to transverse
colon for transection at the end of operation and superior mesenteric artery is
controlled just above the renal arteries root anterior to aorta. The cardiac team is
now can come into the operation field.

7.3.1Tips and tricks

In patients with history of heart surgery or median sternotomy, thoracic incision
should be postponed till all the abdominal dissections and cannulation of the great
vessels have been finished.

In patients with history of previous abdominal operations, incision should
be started as far as possible from the site of previous incision to prevent bowel
perforation.

In fatty donors, it is better to perform superior or inferior mesenteric vein dis-
sections, because after full Kocherization and right medial visceral rotation, finding
the mesenteric vein will be very difficult.

If during each step of the dissections, any vascular damage is encountered, it is
better to repair it with fine sutures only if the location of the damage is easily found
and repairable. In other cases, no attempt should be done, because it is time con-
suming and may cause further damage to critical organs.

During the cannulation of the aorta, the cannula should not be advanced above
the celiac artery. Clamping the supra-celiac aorta at the end of the procedure will
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occlude the cannula and perfusion of the preservative solutions is stopped. All
cannulas should have side holes for faster infusion of the solutions.

Unnecessary organ manipulations should be avoided to prevent vasoconstric-
tion. In stable patients, some urologists insisted on postponing the rest of the
operation when no urine is noted after ureteral transection.

7.4 Preparation of the heart

In stable donors, after the liver surgeon prepares all prerequisites in the abdomen
the heart and/or lung team will welcome to the operation field. All thoracic lym-
phatic regions must be accurately inspected for signs of occult malignancies such as
metastasis or lymphoma and if needed biopsy should be done and sent for frozen
section pathologic examination. Thymus gland should be resected first and pericar-
dium is opened longitudinally and fixed to the edges of transected sternum in both
sides. Intraoperative cardiac evaluation includes inspection for: signs of previous
pericarditis, hematoma or ecchymosis (resulted from previous cardiopulmonary
resuscitation), any cardiac anomalies, dyskinesia, scars, contusions, calcification of
ascending aorta and coronary arteries, size of the great vessels and heart chambers.
At the same time, the inotrope dosage should be reduced by the anesthesiologist
to ensure that cardiac contractility is good enough without need of the inotropes.

If there is any sign of right heart overloud immediate diuresis by furosemide and
reducing the central venous pressure by avoiding any intravenous infusion of
crystalloids is mandatory. All the data should transfer immediately to the recipient
team so they can make decision on starting the recipient operation.

The window between ascending aorta and pulmonary trunk is opened and con-
trolled by an umbilical tape. Superior and inferior vena cava is encircled with caution
not to harm the sinoatrial region or jeopardize the pulmonary veins. For cardioplegic
injection at the end of preparation a cannula should be inserted and the arc of aorta
should be prepared for clamping before the origin of the innominate artery.

7.5 Preparation of the lungs

Both pleural spaces should be opened at this stage. Lungs are inspected for
bullae, contusions, atelectasis, pneumonia and occult tumors. Tracheal tube is
disconnected and both lungs are deflated transiently and then inflated again by a
pressure of 15-30 cmH,0 to better detect the pulmonary compliance (so called “col-
lapse test”) [28, 29]. Usually, most of the vascular dissections were done previous by
the heart team including: separation of the pulmonary trunk and right pulmonary
artery from posterior wall of the ascending aorta and superior vena cava, and
opening the window between the lower right pulmonary vein and intrapericardial
IVC (so called “oblique sinus”). The left innominate vein and artery is controlled by
umbilical tape to expose the main trachea by retracting them toward the right and
left, respectively. The azygous vein should be ligated at this stage to prevent rupture
and bleeding. After inserting the cardioplegic cannula in the root of aorta and can-
nula should be inserted near the bifurcation of the pulmonary trunk for infusion of
prostaglandin E1 and Perfadex for lung procurement at the end of all other organs’
retrieval.

7.6 Common steps at the end of the procedure
When all dissections were done according to patient’s stability and the retriev-

able organs prepared, great vessels’ cannulation is done after full heparinization.
The aorta is clamped at two levels: sub- or supra- diaphragmatic and at the end of
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ascending aorta. Blood evacuation is started by cutting the IVC just inferior to the
right atrium or if dissections at this level is impossible, in the abdomen above the
iliac vessels. Infusion of the cold preservatives (with cardioplegic effect if heart is
being retrieved for transplantation) is started and supporting by the anesthesiolo-
gist is finished and the “definitive death” is announced. At the same time immersion
of all the retrievable organ by slush ice should be accomplished. If lung procure-
ment was programmed, infusion of Perfadex should be started at the same time and
the pulmonary blood should be evacuated by cephalad retraction of the heart and
incision of the left atrium between the two inferior pulmonary veins just below the
Waterson’s groove or “sulcus terminalis”.

Infusion is continued till all the viscera are exsanguinated. Usually 2-3 lit of
infusate through abdominal aorta, 1 lit through the portal vein, 1 lit for ascend-
ing aorta and 50 ml/kg of Perfadex is enough for complete blood evacuation. The
superior mesenteric artery has to be ligated at this time for prevention of pancreas
overperfusion which will severely affect graft function [30, 31]. If small intestinal
retrieval is programmed, this step is forbidden, and portal perfusion should be
omitted as well or performed through the IMV and only the aorta is perfused [30].

All the organs will be transferred after retrieval to an organ bag full of cold pre-
servative and irrigated again if necessary. This bag should be packed and inserted to
another bag filled with cold saline and again in the third bag full of slush ice and then
in the cool box for transferring to the recipient ward or hospital. Sometimes espe-
cially when the transfer time is long or the donor is marginal the transplant team may
decide to use cold or warm perfusion machines for better preservation of the organ.

7.7 Procurement of each organ
7.7.1 Heart and lung

Heart is easily retrieved by transecting the great vessels but this transection
should be done step by step to prevent hematoma formation and injury to the vital
parts especially the sinus node and pulmonary artery. When all the blood evacuated
through the IVC incision, pericardium should be irrigated by cold saline at all steps
to prevent warming. Cardioplegic cannula is removed. Aorta is cut just below the
clamp, and SVC and IVC completely transected. The heart is gently pulled upward
and inferior and superior pulmonary veins are divided one by one an at last the
pulmonary trunk will be cut just at its bifurcation to remove the heart.

If the heart-lung complex is planned to be transplanted to one person, all these
dissections should be avoided. The cardioplegia and pneumoplegia and prostaglan-
din E solutions is infused through the aortic and pulmonary artery catheters. Blood
is evacuated from heart by incising the IVC and the returned blood from the lungs
is evacuated through a small incision in left atrial appendages. Only the ascending
aorta is transected before the innominate artery origin and the trachea is stapled
after inflation of both lungs and removal of the endotracheal tube. The SVC is tran-
sected and origin of azygous vein is transligated and at last the heart -lung complex
is procured by releasing their attachments to the mediastinum.

If transplantation of the lungs alone is planned, cardiac team should be left pos-
terior wall of the left atrium intact in line with for pulmonary veins. After remov-
ing the heart, the posterior wall of left atrium and its surrounding pericardium is
dissected from posterior mediastinum including the esophagus and descending and
this avascular plate is continued till both lungs are released bilaterally. Small volume
ventilation should be continued till all the dissections are completed and at the
end and after complete inflation, the endotracheal tube is removed and trachea is
stapled to extract both lungs outside the thoracic cavity.
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7.7.2 En bloc retrieval of abdominal organs

The fasted way to retrieval of abdominal organs is en bloc resection. Sometimes
the time is very important for the harvesting team for example when the organs will
transfer to another city by a commercial flight. In some cases, all abdominal organs
should be transplanted to one recipient, for example a recipient with cirrhosis due
to complete portal and superior mesenteric vein thrombosis needs a simultaneous
liver-small intestinal transplantation [32]. In such cases all abdominal organs have
to be procured en bloc.

According to the organs being retrieved for multivisceral transplantation,
there are several ways to do such procedure [30, 33]. After the heart and/or lung
team retrieved their organs, the abdominal team can complete their operation.
Amphotericin B, metronidazole and sometimes diluted povidone iodine is instilled
into the duodenum by a nasoduodenal tube [31]. For better exposure and prevent-
ing of bowel content spillage, usually the stomach and colon should be resected
and discarded first, by stapling the esophagogastric and gastroduodenal junction
and also the ileocecal and colorectal junction and transecting their vasculature.
Then the sub-diaphragmatic aorta which was previously controlled is transected.
All diaphragmatic adhesions of the liver and spleen are released and the infra-atrial
IVC is separated with a patch of pericardium and surrounding tissue around it. At
last, all the organs including aorta, IVC, liver, pancreas, spleen and small intestine
are swept up of posterior abdominal wall and lumbar vertebrae and muscles and the
procurement is completed by transecting the ureters at pelvic rim and iliac vessels
just before entering the femoral canal [3]. All the dissections in this step should be
with extreme gentleness not to push or pull any of the vital structures.

7.7.3 Liver

In most centers liver and kidneys are the only organs used for transplantation
especially when the donor has a high body mass index or marginal for any cause
(unstable, diabetic, hypertensive, old age, etc.). For retrieval, these steps are neces-
sary: transecting the infra-atrial IVC with a rim of pericardium and diaphragm,
taking down the falciform, right and left triangular ligaments from the diaphragm,
transecting the gastroduodenal (GD) and right gastric arteries and following the
artery till the origin of the celiac artery by complete dissection of diaphragmatic
crura.

If pancreas is not suitable for transplantation, dissection of the portal vein
should be continued by transection of the pancreas neck anterior to SMV and swip-
ing up the head of pancreas and duodenum to the right and the tail of pancreas to
the left to expose the base of the SMV and SMA anterior to aorta. Then the origins
of celiac and superior mesenteric arteries are separated from the aorta with a com-
mon Carrel patch. Replaced or accessory right and left hepatic arteries must not be
jeopardized or pulled in any way and remained attached to their main large paternal
vessel. Splenic vein and distal SMV SMA is transected at the level of uncinate pro-
cess. IVC is transected above the renal veins’ origin. Now after complete releasing of
all inflow and outflow structures, the liver can be removed easily by final releasing
it from the posterior wall and transferred to an organ bag and irrigated by another 1
lit of preservative solution without direct contact to ice.

If pancreas is transplantable all the dissections should be limited to upper border
of the pancreas and portal vein and GD artery transected just above the duodenum
and the SMV, SMA and splenic artery attachment to the pancreas be remained
intact. Sometimes liver and pancreas will be removed in continuity and separated
from each other in the time of back table preparation [30].
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7.7.4 Small intestine

If gastrectomy and total colectomy were done previously with good hemostasis
of the vessels, removal of the small intestine is relatively easy and straight forward.
As I told before, at the start of the operation for exposure of the aorta and IVC,
small intestine is gently wrapped in a lap-sponge and pull cephalad to detach all the
mesentery in an avascular plain from ileum to the Treitz. At the end of operation
and evacuation of all the blood by aortic and IMV irrigation, the small intestine
only attached to the body superior mesenteric pedicle containing SMA and SMV.
Duodenojejunal and ileojejunal junction was previously cut by staples and the
whole graft can be removed only by cutting the SMA and SMV at this time. If small
intestine is decided to transplant separately, it is necessary to remove it before liver
and pancreas but if a multivisceral transplant is planned for the recipient, any
dissection around the SMV and SMA at the root of mesentery is forbidden and IMV
should be used for cannulation of the portal vein [30, 32, 33].

7.7.5 Pancreas

As 1 discussed previously, pancreas usually is procured along with the liver and
separated from it in back table procedure. If the surgeon decided to retrieve each
organ individually, then after removing the stomach by stapling of duodenum after
pylorus, portal vein, GD and splenic arteries are cut at the upper border of pan-
creas. Another staple is used for transection of the duodenum between D2 and D3
area at the level of uncinate process, and the SMV and SMA and origin of mesen-
tery is transected by another vascular staple. The IMV is ligated the lower border
of pancreas is separated from left renal vein and the left kidney. The previously
extended Kocherization is continued toward the left to separate the duodenum from
the vertebra, aorta and posterior wall of the abdomen and at last the attachments
of the spleen are released and procurement of the duodenum-pancreas-spleen is
completed [30, 34].

7.7.6 Kidneys

Kidneys are the last organs that will be removed. They may be procured en-bloc
in line with aorta and IVC when both of them are programmed to transplanted to
one person (for example from a pediatric or marginal donor for an adult recipient,
or when we encounter with a horseshoe kidney with multiple renal arteries and
veins) or retrieved separately. For separation, IVC is transected transversely just
above the renal vein origins and then incised longitudinally to explore for possible
multiple renal veins. All renal veins should be separated with a common patch of
IVC. Separation of renal veins should be done with caution not to injure the renal
arteries which run posterior to veins especially accessory undefined renal arteries.
Ureters (sometimes double or rarely multiple) are completely separated from the
surrounding tissues and transected distally in the pelvic rim, but the window tissues
between kidneys and ureters and also between the ureters and gonadal veins should
remain intact to prevent ischemia and future contracture or anastomotic failure.
Renal arteries are exposed by longitudinal incision of the aorta to find multiple
branches from inside the aorta and retrieval with a common patch. Rarely an
accessory branch may originate from the iliac arteries or the other side of the aorta.
It is better not to jeopardize such branches but the kidney transplant team should be
capable of back-table microvascular reconstruction of several arterial branches in
such cases. Left adrenal vein is ligated and transected as well.
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After complete separation of all arterial and venous branches, kidneys are
retrieved by medial to lateral movement by the surgeon with extreme caution not
to over-retract these branches and induce intimal rupture. Also rupture of renal
capsule has to be prevented by using sharp dissections specially in older marginal
donors. It is better to perform these dissections outside the perirenal fatty tissues to
prevent such inadvertent injuries.

8. Machine perfusion

Full discussion about the machine perfusion is beyond the scope of this chapter.
Ideally all the organs retrieved should be transplanted immediately or as soon as
possible in the same center of the organ procurement. But this is impossible, irratio-
nal or illegal in many situations. The donor operation can be easily done in a small
rural hospital without any transplant facilities in unstable patients. In such cases
transferring the organ to other hospitals is the rule. Another such circumstances is,
when histocompatibility (for example for kidney and pancreas), or duration of stay
in the waiting list is an important matter for decision making, and transplantation
in the same center in such cases is both irrational and illegal. In marginal donors
and in cases of donation after cardiac death (DCD)), it is very important for the
transplant surgeon to predict functionality of the organs. In all such situation,
machine perfusion is the best way to know the organ function and increase the time
of organ viability before final iz vivo reperfusion.

In contrast to static cold storage (SCD) which we discussed in all sections of
this chapter, dynamic perfusion techniques use a perfusate for active perfusion of
the organs in situ (en vivo) or ex situ (ex vivo) [35]. For example, normothermic
regional perfusion (NRP) is an en vivo method for reconditioning organs for DCD
by restoring oxygenated blood flow to the organs before procurement. For such
purpose, we need a sophisticated Extracorporeal Machine Oxygenation (ECMO)
technology, which is not available in most centers. In contrast to this technique,
ex vivo machine perfusion is used after organ recovery specially for kidneys and
liver. It may be used in a hypothermic (hypothermic machine perfusion or HMP)
or normothermic (normothermic machine perfusion or NMP) milieu. For kidney
grafts, it is shown that HMP reduced significantly delayed graft function both after
DCD and donation after brain death in marginal donors [35]. NMP is an established
method for confirming the functionality of marginal liver grafts by showing the
function of the graft and preventing ischemic cholangiopathy and it is shown that
this method reduced the discard rate by 50% [36]. The results are promising for
pancreas and small intestine as well. Machine perfusion of the heart is an essential
step in all cases of DCD and for lungs it is essential for uncontrolled DCD cases
[37]. In my opinion, future of organ transplantation from marginal donors is in the
hand of the engineers who invents better, cheaper and more efficient and reliable
machines with simpler use by transplant surgeons, but at these days use of these
techniques should be limited to high income countries with an extensive network of
transplantation services all around their territories.

9. Conclusion
Multiorgan procurement from the same donor is the combination of the art of

cooperation between several medical team with different expertise level. If any of
the team member makes any mistake during such sophisticated procedure all other
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organs will be jeopardized and the life of many recipients will be in danger. It is the
task of the team leader to manage such problems before they become irreversible,
and this will be impossible without basic knowledge of all aspects of the other
organ’s retrieval by all other surgeons who is in charge of their organ.
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Chapter 4

Thoracic Organ Procurement
during Multi-Organ Retrieval

Suresh Keshavamurthy, Vipin Dulam, Eros Leotta,
Mohammed A. Kashem and Yoshiya Toyoda

Abstract

Procurement of thoracic organs can be divided into two major categories- donation
after brain death (DBD) or donation after circulatory determination of death (DCDD).
In this section we will focus primarily on DBD, which is the commoner of these two or
at times referred to as standard procurement. DCDD is a relatively new and promising
field that has helped ameliorate donor shortage, aided by the latest advances in medical
technology. However, DBD continues to be the major avenue of organ donation. There
are several different combinations of thoracic procurement surgeries: heart, double
lung, single lung/ 2-single lungs, heart-lung en bloc for transplantation, Double Lung
procurement for Bronchial arterial revascularization, Heart and Lung procurement in
DCDD donors with the OCS, NRP or Lungs for EVLP.

Keywords: thoracic organ procurement, multi-organ harvest, DCD

1. Introduction

We believe that procurement is 50% of the transplant operation and deserves
due emphasis. Often times it is assigned to a junior member of the team and con-
sequently impacts the outcome due to the learning curve involved. We have put
together our experience to serve as a road-map to help improve the art and science
of procuring thoracic organs for transplantation [1].

In the first section of this chapter we will focus primarily on DBD, which is the
commoner of these two or at times referred to as ‘standard procurement.” We will
expound on Heart, Lung/s and combined Heart-Lung procurement.

2. Donation after brain death
2.1 DBD: heart only procurement

First, we will focus on an isolated heart procurement. This is with the under-
standing that it is the sole organ being procured from the chest.

The surgeons must first familiarize themselves with the donor’s vital signs, ECG,
ECHO, angiogram, labs and any other form of imaging that’s available in order to
assess the hemodynamic stability and anatomy of the donor to avoid surprises. Perhaps
even more importantly, donor blood type and match information must be confirmed.
These are (but not limited to) the donor’s MHC status, antibody checks, and ABO
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blood type compatibility. Other donor information such as Hepatitis B, Hepatitis C,
and HIV status should also be double checked in the donor chart on site. Discrepancies
should be conveyed to the rest of the transplant team at the recipient site immediately.
The suitability of the organ with respect to size match in terms of a predicted heart
mass ratio should be confirmed. At the site, a copy of the consent for donation and the
donor’s brain death status as per the specific state’s legislated criteria are to be obtained
for the procurement surgery teams records. Finally, confirm that the donor had no
other changes in status since the procurement team’s original debrief and arrival at the
site. Specifically, the surgeon must look out for worsening lab values, such as changes
in the lactate levels, and any increase in pressor requirements. The usage of Thyroxine
(T4) as part of the donor recruitment process is also recommended [2].

The procurement team’s next step should be to assess if there is appropriate arterial
and venous access for the donor. At times one sees that the donor only has a femoral
arterial access line. This leaves the patient without any blood pressure monitoring when
the abdominal team ligates the aorta during their cannulation. Because of this, the
anesthesia team can get alarmed and give boluses of pressor medications, which in turn
can have a deleterious effect on the heart. Therefore, we recommend upper limb inva-
sive pressure monitoring system such as a radial artery line or brachial arterial access.

The sternum is opened via a median sternotomy in a standard fashion limiting
blood loss and securing hemostasis. It is our practice to measure intracardiac pres-
sures from the Right Atrium, Left Atrium and Pulmonary Arteries from the donor
heart to get an accurate estimate of the patient’s hemodynamics. These parameters
are immediately communicated to the implanting surgeon. These measures give the
team a snapshot of the cardiac function of the donor’s heart.

The heart surgeon will have to share the IVC with the liver surgeon. This can be
a point of contention regarding the length of IVC to be taken by the cardiac surgeon
versus the length taken by the liver transplant team. An ambitious cardiac surgeon
might divide the IVC at the level of the diaphragm with traction on the heart to the
extent where the IVC retracts below the diaphragm and leaves but a stump for the
liver transplant team. Hence, it is prudent to discuss with the liver surgeon before-
hand as to where to transect the IVC. Staying above the diaphragmatic reflection
has been the standard practice. Avoiding traction while harvesting is important,
though one often sees the liver team retracting the liver down!

The procurement surgeon should pay special attention to the venting that is done
to decompress the donor heart. With multiple teams sitting in the fray, this aspect
of the surgery is often ignored at the patient’s peril. The techniques to vent the heart
are either through the LA appendage, the interatrial groove, the posterior left atrial
wall or directly amputating the pulmonary veins [3]. In this scenario, where we are
discussing heart only procurement, it is useful to vent through the pulmonary veins
(the pulmonary vein orifices can be connected in the back table). However, if other
thoracic transplant teams (like the lung team) are involved then they will be perfus-
ing the lungs with 4-6 liters of Perfadex (PERFADEX® Plus is an extracellulay, low
potassium, dextran-based electrolyte preservation solution for rapid cooling, perfusion
and cold static storage of donor lungs — pre-supplemented with calcium ions and THAM,;
Perfadex® Goteborg, Sweden solution). Our experience shows that it is best to vent
through the left atrial appendage. Venting through the interatrial groove can also be
done (must be dissected out before the cross-clamp application) but it comes with a
major hazard- the heart may go into atrial fibrillation and cause hemodynamic com-
promise. Venting primarily through the posterior left atrial wall is also an option.

For this, the surgeon first picks up the heart to access that portion of the left
atrium but once the opening is made and the heart is let down back into its position
in the chest cavity, it is not predictable if the hole will stay open to adequately vent
the heart. Furthermore, lifting the heart during cardioplegia administration might
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cause aortic sufficiency. The pulmonary veins can be amputated at their origins
and we can divide the pulmonary artery as high as we need to in order retain the
bifurcation. It is also wise to divide the SVC high up above the azygos vein to give
the implanting surgeon additional SVC length.

These are special situations in which it is important to know the anatomy of the
recipient and to discuss with the implanting surgeon specific requirements.

3. Adult congenital heart disease recipients

Recipients of Adult congenital heart disease needing heart transplantation for
advanced heart failure have generally undergone multiple open-heart procedures
in the past. Therefore, they might need additional donor tissue to reconstruct the
recipient anatomy.

In those recipients with an anomalous left superior vena cava (LSVC), the implant-
ing surgeon will need extra length of the SVC and also need to harvest the innominate
vein to allow for restoration of continuity of the LSVC in the recipient [4]. On the other
hand, in the donors with an LSVC one must be extra conscious of the donor heart vas-
culature. There have been noted cases where the coronary sinus drains into the LSVC
instead of the RA [5]. Ligating the LSVC without ascertaining drainage to the RA
could prove to be disastrous for the recipient because after implantation and circula-
tion restoration, the heart has no drainage avenue and hence may become edematous
and lead to primary graft dysfunction. Any additional systemic/pulmonary venous
drainage anomalies are also important to note on both the recipient and donor.

For certain circumstances, such as a recipient with complex congenital heart
disease who may require reconstruction of the pulmonary arteries, additional tissue
may need to be procured either in continuity with the donor heart or separately, such
as the descending thoracic aorta or innominate vein. If possible, the PA bifurcation
along with the RPA and LPA should be procured if the lungs are not being placed [6].

If possible for these subset of patients it is important to procure a long length of
the donor aorta till the arch, the PA with the bifurcation and extra lengths of RPA
and LPA, donor carotid artery, descending thoracic aorta, donor pericardium, etc.
to aid reconstruction and repair in the recipient.

4. LVAD explants/redo chest

Since these patients have an outflow graft placed on the ascending aorta. The
procurement surgeon must harvest the ascending aorta as distal as possible past the
three arch branches in the donor. This gives the implanting surgeon enough length
and flexibility to decide where to do the aortic anastomosis.

5. Heterotopic heart transplant

This chapter mainly focuses on orthotopic heart transplantation (the standard
explant of the old diseased heart, and implant of a new donor heart into the chest
cavity). However, there is another form of heart transplant which has been performed
since the 1970’s called heterotopic heart transplantation [7]. While this is rare, there are
few select indications for this procedure, and we wanted to include this for completion.

An extra length of aorta is required, and the pulmonary veins must be transected
close to their origin to give the recipient surgeon enough room to operate with.

The procuring surgeon must also take as much of the SVC/IVC as possible. The
Pulmonary Artery will need to be augmented with a graft material in the recipient
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because the implanting surgeon will connect the pulmonary artery of the new heart
to the pulmonary artery of the recipient’s native heart. Therefore, it becomes extra
important to take as much of the pre-bifurcation PA as possible.

6. Final steps

After explantation of the heart, the surgeon should check for a patent foramen
ovale (PFO); if one does exist, then a PFO closure using a 4-0 prolene suture should
be performed as quickly as possible before putting the heart in the cooler. Inspect
the pulmonary artery and aorta, mitral valve, tricuspid valve for any anatomical
abnormalities/clots/vegetations/iatrogenic damage. At this point, inform the recipi-
ent surgeon if there is any injury. If there is, then donor pericardium can be packed
to repair these injuries in the recipient OR.

Some teams prefer to leave the cardioplegia cannula attached to the donor aorta.
In these centers the cardioplegia cannula can be placed lower down on the aorta.
However, if the cannula is removed and the suture tied to mark the point of cannu-
lation, the cannulation site can be higher up and the same can be excised/trimmed
prior to implantation.

Pack the heart in the preservative solution and ensure it is completely immersed
in it. The first bag should not contain any ice, while the second and third bags do
contain ice. There are special containers that maintain uniform cooling of the heart
(Paragonix SherpaPak™) in 4 degrees centigrade [8]. These containers help to opti-
mize donor heart transport by maintaining uniform cooling and perhaps extend the
donor warm ischemia time.

6.1 DBD- procurement of heart and lung for separate centers

In this section we want to discuss procurement of both the lungs and the heart
as separate organs from the same donor but for different recipients. (Note: the
procurement surgeon however might still be from the same center) In this scenario,
the heart is being taken for transplant, while simultaneously, the lungs are being
procured either as double lung, single lung, or two single lungs. This implies that
both the heart surgeon and lung surgeon (unless one surgeon is taking both for two
separate patients in the same center) will be present.

Assuming that each of the two lungs are being taken by different centers, and
the heart is being taken by another center, up to three different surgeons could be
present for procurement of the thoracic organs. It requires the utmost cooperation
and communication with each other to be able to successfully execute such a multi-
organ procedure.

We recommend the heart surgeon start first and inspect the heart. The sternot-
omy is performed in the midline once all teams are present, signed in and the basic
checks are conducted. Hemostasis is achieved using ample amounts of bone wax. The
pericardium should be split down the middle. Three pericardial stay sutures should
be put on either side of the pericardial opening and tag them to hemostats. Based
on our practice we recommend that the pericardial stay sutures not be hitched up to
the drapes at this point. The reason for this is it causes tension on the pericardium,
and when the lung surgeon is trying to inspect and recruit the lungs with a Valsalva
maneuver it squeezes the heart to cause hemodynamic compromise [9].

Once the heart is appropriately visualized, the heart surgeon should check the qual-
ity of the heart by palpating the coronary arteries to assess for atherosclerosis, visually
confirm the heart’s contractility, and by checking the right atrium, the right ventricle,
the pulmonary artery and the aorta. It is also important to check if there are any
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palpable thrills or any anomalies in the systemic venous drainage or pulmonary venous
drainage. Our practice is to measure the intracardiac pressures; the PA, RA, and LA
and communicate them with the implanting surgeon for cross check. It is important to
avoid opening the pleura. This is when the lung surgeon steps into the limelight.

Once the lung surgeon approaches the table, the pleura should be opened widely.
We recommend opening the pleura bluntly rather than using the diathermy. We
have seen many instances where opening the pleura by a diathermy causes an air
leak because it accidentally punctures the lung surface. These air leaks are difficult,
notorious, and persistent. After one part of the pleura is opened bluntly, then the
surgeon can insert one finger behind the pleura but above the lung tissue. The sur-
geon can now safely use a bovie with the finger protecting the lung in order to divide
the rest of the pleura in standard fashion. At this stage inspect the lungs and recruit
and atelectatic areas. The lung surgeon is now ready for Valsalva. After communicat-
ing this with the anesthesiologist, the lung surgeon reaches for the lower lobe, lifts
it up and gives Valsalva at 30 cmH2O pressure [9]. It is important to refer here to the
earlier point about leaving the pericardial stay sutures unhitched. If they had been
hitched and the lung surgeons performed the Valsalva, the heart will get compressed
between the hitched-up pericardium and the lung/s. This would cause a precipitous
drop in blood pressure. Therefore, leave the pericardial stay sutures unhitched, and
incise the pleura widely, so that the heart has more room to move. Once the lung sur-
geon has ascertained the quality of the lung by checking its compliance, and inspect-
ing any abnormalities such as masses or contusions, then the stay sutures can be
hitched up on either side. Depending on institution protocol, pulmonary vein blood
gases are taken from the right upper, right lower, left upper and left lower pulmonary
veins making sure the ventilator settings are on fiO2 of 100% and PEEP of 5.

The procurement then resumes in standard fashion. First the surgeon dissects
the aorta and the pulmonary artery, then uses an umbilical tape to loop the aorta,
while separating the svc from the pulmonary artery. Then the surgeon loops the
SVC and ligates the azygos vein (this step is optional). The azygos vein is fragile
and can be easily injured precipitating brisk bleeding which is difficult to manage.
We prefer not to dissect the IVC or interatrial groove before heparin is given so
that we avoid hemodynamic compromise and rhythm disturbances such as atrial
fibrillation. Therefore, it is prudent to always have internal defibrillation paddles
on the sterile table opened and ready to use during procurement. Standard dose of
heparin is then given- 30,000 units (adjust according to patient weight). Then the
cardioplegia stitch is taken, and the aorta is cannulated. We suggest a dual lumen
cardioplegia cannula and transduce the pressure line to monitor the aortic root pres-
sure of the patient. This helps us by telling us the cardioplegia perfusion pressure
(ideal is 60-80 mmHg) [10].

Once the heart surgeon cannulates the aorta, the lung surgeon places the
purse string on the PA. At this point the surgeons must decide where to divide the
Pulmonary artery. On the one hand, one would want to keep an adequate length for
the heart surgeon, so it is important to not cut it too short On the other hand, one
would want to leave the bifurcation of the PA intact for the lung surgeon. Therefore,
we usually use the right pulmonary arteries a guide and place the purse string
suture at that level. Once the purse string suture is placed, we suggest using a right
angle canula and directing the bevel of the cannula towards the pulmonary valve.
The reason for this is to avoid improper perfusion of the pulmonary arterial flush.
Often, novice procurement surgeons do everything correctly except turn the bevel
of the cannula towards the left PA. This results in preferential flow into the left lung
with minimal flow into the right lung, which causes mal perfusion with improper
protection of the right lung. If using a different type of cannula, it is still important
to ensure adequate distribution of the pulmoplegia.
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Once all the teams are ready, the heart surgeon cross clamps the aorta and the
lung surgeon administer the prostaglandin. The injection site should be as close to
the purse string suture on the PA as possible to avoid additional puncture to that
artery. This is when all the teams should be extremely alert because the prostaglan-
din causes the BP to drop. Then, the SVC is snared, and the left atrial appendage is
divided by placing a Satinsky clamp on it and the tip is amputated. It is important
not to put traction on the LAA while placing the clamp to avoid injury to the base of
the appendage or Left Circiumflex artery. For this reason, some surgeons are averse
to the idea of placing a clamp on the LAA [11].

However, if they are venting through the interatrial groove, then that that
should be done first before dividing the IVC. The next step is to divide the anterior
wall of the IVC. Wait for about 3-4 beats after this is done to. Be patient as the heart
empties, and cross clamp the flaccid heart’s aorta as distally as possible towards
the arch vessels and start the infusion of the cardioplegia solution. Please note that
it is not until the heart is noticed to be fully arrested that the lung team can start
the Perfadex solution - be aware to not start them simultaneously. Meanwhile, the
surgeon should be constantly observing the heart- feeling the left ventricle to make
sure its soft and feeling the aorta to make sure it is firm.

When the Pulmoplegia is being perfused into the PA, note that one should see
the efflux through the Left atrial appendage. Keep monitoring the color of the lungs
to look for uniform blanching indicating even distribution of the flush solution
whilst continuing to ventilate the lungs and simultaneously dropping the FIO2 to
50%. Avoid manipulating the heart during this process. If the LV distends for any
reason, stop the cardioplegia and the pulmoplegia, release the cross clamp on the
aorta and gently decompress the heart. and then reapply the cross clamp and resume
cardioplegia, and pulmoplegia. If the distension continues, open the LA appendage
more. If that still does not work, use the interatrial groove to vent. Usually around
4-6 liters of the perfadex solution is given but it varies per hospital protocol.

Keep the cardioplegia running if the perfadex is running. This makes sure the
perfadex does not enter the coronaries and wash out the cardioplegia. If the car-
dioplegia is done before the pulmoplegia, then an aortotomy should be made while
the clamp is still there, and a yonkaeur sucker should be inserted into the aorta to
suction out and avoid any perfadex solution going into the heart. Once all the flush
is done for both the heart and lung, the pulmonary artery cannula is removed, and
the prolene suture is cut away. The IVC is then completely divided, taking care to
avoid any injury to the right inferior pulmonary vein.

The next step is optimal division of the left atrium. Our recommended approach
is to gently retract the heart up while we incise the posterior LA wall and proceed
using a Metzenbaum scissors to enlarge the incision leaving an adequate cuff of LA
for the lungs at least a 1 cm rim. On the right side, stop the dissection as you reach
the IVC. At this point, we recommend the heart be retracted to the left. With the
flaccid heart and bloodless field, it should be easier to dissect out the interatrial
groove. and leave at least a one-centimeter cuff for the lung implant [12].

Finally, we can transect the aorta as high as possible depending on how much aorta
is needed. For the PA extend the incision from where it has been cannulated. Visualize
the carina of the PA. Make sure you can see the opening of the right PA. Divide the
PA in such as fashion that the bifurcation remains with the lung block. Do not use too
much traction while dividing the PA because that can cause distortion. Make sure that
the original cut is perpendicular as to leave adequate PA for the heart team. Now that
all the divisions are done, release the snare on the SVC, divide the SVC, the azygos
vein and anything else holding the heart behind as it is gently lifted out.

The lungs are then harvested in standard fashion. It is always helpful to have the
nasogastric tube so that one can feel the esophagus. The arch vessels and innominate
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artery are divided, at which point the trachea is exposed and looped. The trachea is then
stapled at 60% tidal volume. The lungs are then taken to the back table and given 250 cc’s
of retrograde flush through each pulmonary vein [13]. There are different ways of
effectively conducting the retrograde flush. Some do it in situ in the chest, while others
take the lung bloc to the back table. We prefer taking it to the back table and use 250 cc’s
of perfadex per vein so in total about a liter of retrograde flush (amongst all four veins).
One technique is a foley catheter with an inflated bulb at the tip; inserted into each
vein sequentially as the flush is administered. The caveat with this is that one may inad-
vertently injure the pulmonary vein ostium (which is delicate) by excessively distend-
ing it. The other technique, personal communication from Dr. Hassan Nemeh at Henry
Ford Health System, is to use a retrograde cardioplegia catheter which has a self- inflat-
ing balloon, so it is much more elegant and less traumatic [14]. The only problem with
this is it is not part of the standard kit, so the procurement surgeons must remember
to bring it with them. Yet another technique that can be used is to utilize the rubber
tubing that comes on the end of tubing. Insert the tube into the pulmonary vein and
then pinch the vein to provide a tight seal. Whichever technique may be used, note that
itis important to have the perfadex solution only 30 cm above the table and run it by
gravity; avoid delivering it at excessive pressure which can lead to pulmonary edemal!
When the retrograde flush is being perfused be sure to inspect the pulmonary
artery for any clots. It is not uncommon to see tiny emboli. If, however large clots
are seen, it is important to alert the implanting surgeon who might either choose
to abandon or repeat a retrograde flush at the implanting center. Some teams are
utilizing EVLP in such situations. After completion of the retrograde flush look
inside the PA to assess if there are any clots remaining.

6.2 Heart Lung en Bloc

‘Heart-Lung en Bloc’ transplantation surgery has become less frequent over the
years (Lund LH, Khush KK, Cherikh WS, Goldfarb S, Kucheryavaya AY, Levvey BJ,
etal. The Registry of the International Society for Heart and Lung Transplantation:
Thirty-fourth Adult Heart Transplantation Report-2017; Focus Theme: Allograft
ischemic time. ] Heart Lung Transplant. 2017;36(10):1037-46). However, there are
still select indications for it, and one should be aware of how it is performed. The
procurement surgeon performs the assessments for both heart and double lungs
(as discussed in the earlier section) and oversees physiological and anatomical
assessments both for the heart and lungs. The heart assessment is made in standard
fashion- the coronaries are palpated, the aorta is inspected, the right atrium and
pulmonary artery are assessed, and any palpable thrills are ruled out. Look thor-
oughly for contusions and note any evidence of trauma. Injuries which could impact
implantation should be thoroughly discussed with the rest of the team. Once the
assessment is complete and the heart is deemed good for transplant, we proceed to
assess the lungs in standard fashion. Our assessment includes bronchoscopy, ventila-
tory mechanics, compliance and gentle recruitment followed by selective pulmonary
vein blood gasses done on a vent setting of 100% fiO, and PEEP of 5 cmH,0.

Administer heparin to do the donor as soon as all the teams are ready. The aorta
is then canulated, and the PA cannulation follows shortly after (as described earlier,
the bevel should be turned towards the pulmonary valve). It is important that the
pulmoplegia (Perfadex) be kept no higher than 30 cm off the table thereby letting it
run by gravity.

Once all the teams are ready for cross clamp, prostaglandin is injected into the
PA. The heart is vented through the left atrial appendage. A major notable differ-
ence from the double lung procurement is that there is no retrograde flush; only an
anterograde flush is done. The SVC (superior vena cava) is snared above the level of
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the azygos vein; the azygos vein would have been ligated earlier. The IVC is partially
transected at a point of agreement with the liver team.

It is prudent to patiently wait for the heart to empty, and then cross clamp the
ascending aorta right below the innominate artery. We suggest not clamping the
aorta when the heart is still ejecting. After this, start the cardioplegia infusion,
while also measuring the aortic root pressure and wait for the heart to arrest prior
to starting pulmoplegia (Griffith BP, Magliato KE. Heart-lung transplantation.
Operative Techniques in Thoracic and Cardiovascular Surgery. 1999;4(2):124-41).
As soon as the flush is started, we cover the heart, lungs, and entire pleural cavity
with ice slush. All the while be aware that the heart is not distending, that the aor-
tic root is firm, the LV is soft and of course that the LA appendage is adequately
draining. Look at lung surfaces to see that they’re evenly blanched.

Request the Anesthesia team to decrease the FiO, to 50% and ventilate the lungs
for proper distribution of pulmoplegia to all the lobes. Again, it is important to keep
an eye on the LV to make sure it is not distending. Avoid lifting the heart so as not
to cause aortic insufficiency! Ensure there is a backup cardioplegia bag in case of
a hypertrophied LV. Avoid pulmoplegia going into the coronaries! Either keep the
root distended with additional cardioplegia or transect the aorta and place a yon-
kaeur sucker till the pulmoplegia is done.

Once the cardioplegia and the pulmoplegia are done, the pulmoplegia cannula is
removed and the purse-string suture is secured. Similarly, the cardioplegia cannula
is removed and the suture secured depending upon institution preference. We then
complete the inferior vena cava (IVC) transection and then transect the ascending
aorta as high as possible. We then divide the inferior pulmonary ligaments on both
sides and complete the division of the posterior pericardium. It is important to
keep the nasogastric tube so that we can palpate and tell where the esophagus is to
not contaminate the mediastinum. Be sure to dissect anterior to the esophagus and
go up to the level of the azygos vein and then divide the azygos vein.

Now for the final steps. Loop the trachea as high as possible. After a few recruit-
ment breaths, the endotracheal tube is withdrawn, and trachea is stapled at 60%
of the tidal volume. Then we divide the SVC as high as possible near junction of
innominate vein, taking care to avoid retaining a piece of central line while transect-
ing the SVC. Now we have IVC, SVC, Aorta and trachea all divided. Important not to
have more than 60% of the tidal volume to avoid barotrauma. The heart lung bloc is
delivered onto back table. Quick inspection is made for iatrogenic injuries. The heart
lung bloc is then packed in the heart solution. Have adequate solution enough to
immerse the entire bloc. The inner bag contains only the preservative solution, while
the second and third bag have ice slush. The heart-lung is then labeled accordingly
and packed in the cooler for transportation. It is important to communicate to the
implanting surgeon the conduct of the harvest and update him about any iatrogenic
injuries and need for repairing the left atrial appendage venting site.

7. Donation after circulatory death
71 DCDD- lung only procurement surgery (heart not placed for transplant)

Once an offer for a DCDD lung is received the surgeon and the pulmonologist
will process the offer just like a standard one. More specifically, the blood gasses,
the X-Ray, the CT scan (if not available, request one), the ventilatory timeline, and
the bronchoscopy findings (not always done) should all be analyzed. The nature
of the donor death should also be scrutinized very closely- such as drowning or
hanging [15].
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The key in assessing a DCDD lung offer in comparison to a standard DBD offer is
that the target PaO2 is 350 mmHg as a rule out. In our clinical practice, we currently
do not venture to inspect a DCD lung unless the p/f ratio is adequate [16]. Using
350 mmHg is a good starting point especially in those centers where DCD volume is not
very high. There are few centers who place all DCDD lungs on EVLP and have different
set of guidelines. For a DBD offer we would venture to inspect the lung even with a
Pa02 of 300 mmHg or lower. The reason for this discrepancy is that in a standard DBD
we have the ability to recruit the lung, assess it, check the blood gases and decide in the
operating room if the lung is suitable for transplantation. In DCD- what we have is what
we get- so we must ascertain the lung status before we head over to the center, which
explains why we have more stringent cut-off: to make sure that the lung is acceptable
radiologically (CT scan preferred) and physiologically. Bronchoscopy is often done
after withdrawal of care (most of the time it is for flushing) and it is done in a rush [6].

In conclusion we must be very careful with the pre-operative assessment in a
DCD lung. There are certain centers, especially Toronto, where all the DCD lungs
are put on EVLP. Hence it does not matter what the PaO2 ratio is [17]. They then
evaluate these lungs while on EVLP, but not all centers have that luxury yet. Before a
DCD Lung transplant procurement is initiated at the recipient center, the following
questions should be asked in a checklist format:

1. Where is life support being withdrawn? ICU/OR (Figure 1)
2.Is there adequate central vein access

3. Will the patient be extubated? Is it acceptable to disconnect the ventilator and
leave the tube-suspected difficult intubation?

4. Will they leave the NG/OG on suction?

5. What is the institution policy after withdrawal-certification; when can the
team start-quiescent period?

6. Will they permit bronch prior to withdrawal?

7.How much heparin is being given? Is it at least 30,000 units. If not then plan to
add 50,000 units into the first bag of perfadex.

8. When is the heparin being administered? Ideally it should be at least
3-5 minutes prior to withdrawal of life support.

9. Are there at least 2 wide bore functioning suctions available and adequate
amount of soft slush available?

10. Does the center have a functioning sternal saw and chest spreader- preferably a
transplant spreader (one with spikes)

For the actual withdrawal of life support, it is preferable to have 2 surgeons on
the lung procurement team. Withdrawal is initiated by removal of the endotracheal
tube, however in some cases when there is extensive airway edema due to potential
difficulty in securing airway, the ventilator is disconnected instead after discussion
with the anesthesiology team.

Of note, it is important to have the nasogastric tube (NG) maintained on
continuous suction during the withdrawal of life sustaining therapy. This action
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prevents aspiration of gastric contents and facilitates dissection near the esophagus
[18]. It is also important to communicate the importance of the NG to the anesthesia
team before extubating. The surgical team is then scrubbed and ready in the adjacent
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Figure 1.
DCD-Donation after circulatory death, ICU-Intensive care unit, OR-Operating Room, NRP-Normothermic
Regional Perfusion, OCS-organ Care system, EVLP-Ex-vivo lung perfusion.
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operating room or sterile corridor. The patient is prepped and draped in sterile fash-
ion with a hand being left out for the family if they are coming into the operating
room to pay their last respects. A sterile sleeve is made available for the stethoscope
usage to auscultate and declare death. The flush solution is prepared by injecting
prostaglandin into the first bag of Perfadex [19]. The lines are then passed off the
sterile field, hung on the IV pole, and then accessed. Alternatively, the flush bags can
be kept in the ice box at the side of the table after being reconstituted and spiked.

Death is declared as per local hospital protocol. The patient is then re-intubated.
Median sternotomy is performed, and the pericardium is opened by pick up tech-
nique with forceps and scissors. (Please note that there is no bovie used during a
DCD procurement!) The IVC is then vented by partial transection in a location
previously discussed with the liver procurement team.

At this juncture the Liver team is frantically trying to clamp the descending tho-
racic aorta in the chest if they do not have access below the diaphragm. The thoracic
team can help by quickly opening the left pleura, releasing the inferior pulmonary
ligament, mobilizing the lung, then looping the descending thoracic aorta bluntly
and helping to place the cross clamp so that they can start perfusing the abdominal
organs. We can then focus on perfusing the lungs.

8. Techniques of pulmonary artery flush

1. Often times we have found in our experience that it is easy to use a straight,
stiff cannula (a femoral arterial cannula) especially when there is a single sur-
geon or there is insufficient help. Using a #15 blade a small nick is made in the
RVOT just enough to permit the cannula entry and the cannula is introduced
into the PA after advancing across the pulmonary valve. This effectively deliv-
ers equitable antegrade PA flush and obviates the need for a purse string and
effectively holds the cannula in place.

2. When qualified help is available, a 4-0 Prolene purse string suture is placed on
the main pulmonary artery just below the bifurcation/more towards the RVOT.
Using a #11 balde an arteriotomy is performed. This is then gently dilated with
a tonsil/Schnitz and a right angled/straight cannula is inserted. If angled, then
ensure the bevel is pointing towards the pulmonary valve. The cannula is con-
nected to the Perfadex flush solution. The ascending aorta is cross clamped, the
left atrial appendage is amputated and 60-70 ml/kg of Perfadex is then infused
in antegrade fashion. Both pleural cavities are widely opened bluntly with fin-
gers and the chest cavity packed with soft ice. After the patient is re-intubated
by the Anesthesiology team/second surgeon, the lungs are then ventilated with
tidal volume of 6-8 cc/kg and fiO2 of 50%. The second surgeon then proceeds
with bronchoscopy while the first surgeon continues with the flush. If only one
surgeon is available, then take this time to re-intubate. Proceed to then venti-
late and bronch while the flush runs and the chest is adequately packed in ice.

Following instillation of the Perfadex solution, the cannula is removed. The
lungs are then recruited with Valsalva maneuver at 30 cm H20 and both lungs are
sequentially examined in standard fashion. The heart is then excised in standard
fashion. In certain instances, there is consent for homograft valves and sufficient
care needs to be exercised while excising the heart to preserve the valves [20].

Next, dissection begins first by dividing the inferior pulmonary ligament (bilat-
eral) and the posterior pericardium. The main and right pulmonary artery are dis-
sected away from the aorta. Bilaterally, the inferior pericardium is then divided at
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the level of the esophagus. Then the posterior pericardium is divided in a horizontal
fashion just above the esophagus to the level of the pulmonary veins. The aortic arch
is then transected. The superior aspect of the arch is then exposed and divided as
distal as possible along the arch vessels so that a portion of the wall of the arch and
descending aorta are left as a cuff to prevent dividing the ligamentum arteriosum.

Attention is then turned to the trachea which is isolated just above the carina
with blunt dissection. A TA-30 stapler is passed around the trachea 3 rings above
the carina [21]. The lungs are inflated to 60% tidal volume-to avoid baro-trauma
(especially if the lungs are being flown back to the recipient institution), and the
endotracheal tube is withdrawn. The stapler is used to divide the trachea. The lung
bloc is removed from the donor after division of any remaining attachments.

The lung bloc is taken to the back table. Retrograde flush is performed at
250-500 cc/vein x4. If lot of clots/thrombi are seen exiting the PA during retro flush
one can take a call regarding quality (small clots are not uncommon).

The double lung bloc is then examined for compliance, color, any areas of
inadequate perfusion, atelectasis etc. (refer to DBD procurement of lungs section).
Once the procurement surgeon is satisfied that the lungs are suitable for transplanta-
tion the recipient surgeon is called, and if accepted the lungs are then split on the
back table and packed in standard fashion. The main PA is divided at the insertion
site of the pulmonary artery cannula. The atrial cuff is then created approximately
1 cm from insertion of the pulmonary veins into the left atrium. The atrium is then
divided in the midline with scissors. The left mainstem bronchus is divided with a
TA-30 stapler near the hilum. An additional liter of cold Perfadex solution is instilled
bilaterally via the pulmonary veins with a balloon catheter. The lungs are packed first
in a bag containing Perfadex, followed by 2 bags containing ice cold saline slurry.
The organs are subsequently transported to their respective transplant centers.

8.11f only 1 surgeon performing procurement

If only 1 surgeon is available on the procurement team, the steps occur as
described until flush occurs with the Perfadex solution. The chest is then packed
with ice and ventilation continues. The lung procurement surgeon will scrub out.
The surgeon will then along with the anesthesia team intubate the patient, perform
bronchoscopy, and initiate ventilation. The surgeon will then scrub back in and
continue to harvest in the previously described fashion.

8.2 DCD heart only placed for transplantation (OCS)

The process of DCD heart only procurement with Organ care system (OCS) isa
relatively new technology, which will be discussed in this section. For this procedure,
it is very important to ensure that two surgeons are present as part of the procure-
ment team. The reason for this will become more relevant as the discussion of the
technique ensues. After the patient’s hemodynamic status, drips, lactates, troponins,
echo, and other vital parameters have been checked out the procurement team pro-
ceeds to the donor center and there the traditional checklist is followed. These include
(but are not limited to) the blood groups and that the UNOS IDs being checked. At
that point, the procuring team and the local organ procurement organization (OPO
for short) will familiarize themselves with the local institutional/hospital protocol.
The donor team will park the Transmedics-organ care system (OCS) in one of the
corners of the operating room, plug in the power, ready the equipment and will
ensure that every object, instrument, and machine is given a green signal for the pro-
cedure. The patient is prepped and draped in sterile fashion and all lines are passed
off. The cardioplegia is spiked and ready to be infused at short notice. We make sure
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that there is a functioning sternal saw, a sternal retractor and the appropriate aortic
cross-clamp. Lastly, we ensure there are 2 working and connected suctions.

About 3-5 minutes before withdrawal of care, 30,000 units of heparin are given
intravenously into a central vein in the donor. The donor procurement team will then
scrub in and be ready while they wait in the sterile corridor. Upon withdrawal of life
support the OPO coordinator will communicate the hemodynamic status of the donor
(which is the arterial blood pressure and pulse oximeter) to the team at every 5 minutes
intervals. For the DCD heart while there is no set or accepted timing. From what we
have seen generally, 18-23 minutes of waiting time is acceptable. Beyond this time, the
heart team deems that there has been a prolonged ischemia phase. Hence, the wait time
is limited to 23 minutes. In totality, the mandatory 5 minutes after cessation of electrical
activity (before the patient was pronounced) and the 1-2 minutes time before the team
is permitted to start brings the total time to around 30 minutes. This is the time interval
beyond which the cardiac team would walk. The liver team generally waits for 30 min-
utes while the lung team has a more permissive waiting period of up to 60 minutes.

Then the surgical team comes in, with all their instruments already on a side table
right next to the operating table. Using a knife, an incision is made all the way down
to the bone. The next item is the sternal retraction. Once the sternotomy is done, the
retractor is placed, and the pericardium is opened in the midline using forceps and a
scissor. The heart is exposed at that point and the right atrium is cannulated with a 32
French venous cannula and this is then connected to that blood collecting bag which
was handed off to the perfusion team member. He/she will then collect 1100 cc of
blood at least (800-1100 cc of blood from the donor will be collected).

In the meantime, a purse-string on the aorta and a cardioplegia needle is placed
in the ascending aorta. Once we have completed blood collection, the aorta is cross-
clamped, and we then infuse cardioplegia in standard fashion. We give 2 L of car-
dioplegia into the aortic root and we then packed the chest with ice. The IVC is vented
and from that point on the tip of the left atrial appendage is also amputated. From
that point on the procurement proceeds in standard fashion. The IVC is incised at
the point where the liver team and the cardiac team agree to. Once the cardioplegia is
completed, the pulmonary veins are anterior rated, the IVC transaction is completed,
the pulmonary arteries are divided beyond the bifurcation of the IO at the level of the
aortic arch. The SVC is divided as high as possible above the level of the azygos vein
and the heart is finally explanted and is then taken onto the back table. There, instru-
mentation is done to place the heart on the OCS machine. We will encourage readers
look for that part of the information as it is beyond the purview of this chapter.

9. Bronchial artery revascularization

Bronchial Artery Revascularization has been done to alleviate the Achilles heel of
lung transplantation which bronchial healing. This has been an area of intense focus
especially since the early issues that lung transplantation had with tracheal dehiscence
and bronchial dehiscence. However, it is very labor intensive and has not taken off asa
major standard of practice yet. There are a few proponents of this technique who have
shown excellent results [22]. One of these groups is the Cleveland Clinic, championed by
Prof. Gosta Pettersson who has worked on it for a long time since his days in Denmark.
He has trained several surgeons in the Cleveland Clinic with this approach [23].

As one is aware, the lung has dual blood supply. One is from the bronchial arter-
ies and one is from the pulmonary arteries. The major idea of the BAR procedure
is to procure the lungs as we normally do, but to also retain the bronchial arteries
from their origins in the aorta. In order to achieve this, the lungs are removed en
bloc with the trachea intact like they are in a standard procedure, except this time
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the thoracic esophagus and descending aorta accompany them as well. This way, the
RICBA and left bronchial arteries are included.

After IV heparin administration, the donor aorta is cross clamped and cold lung
perfusate is administered via the PA. Normally we flush the lungs with 4-6 L of perfa-
dex. 4 Liters are used for antegrade perfusion and then 1 Liter perfadex for retrograde
perfusion on the back table. One liter of perfedex must be infused into the descending
aorta. A cross clamp should be put on the aortic arch to keep the solution from escaping.
This ensures perfusion of the bronchial arteries which come off the descending thoracic
aorta. The NG tube is pulled back (but not all the way, because it is still important to
keep it in the esophagus) before stapling the esophagus off- this is to ensure the NG tube
is not stapled inside the esophagus. Then one must go around to the aorta and transect it
at the level of the diaphragm. To prevent spillage the esophagus must be also be stapled
off as high as possible at the neck. Keep in mind that one must try to minimize the dis-
section around the trachea. The trachea is also stapled off as high as possible [22].

Finally, the double lung bloc and its accompanying tissue is excised from the
donor while moving cranially. Be sure to include the paraspinal tissue as well to
minimize any possibility of injury to the bronchial arteries. The PA is divided near
its bifurcation, and sufficient left atrial cuff is harvested in standard fashion.

After arrival in the recipient operating room, the esophagus is separated on the
back table. After the esophagus is removed, the descending aorta is opened vertically
in the midline and the bronchial arteries identified. The surgeon must locate the
RICBA and the left bronchial artery. The use of a coronary probe can help in this mat-
ter. The RICBA is identified in the right. On the right, once the RICBA is identified,
clips are applied to its intercostal branch. The left bronchial artery (or arteries) is/are
identified with probing if needed. On either side, a single bronchial artery of reason-
able size is usually sufficient for complete revascularization. However, if a convincing
bronchial artery is not identified or if an important bronchial artery is damaged, BAR
should be aborted and standard bilateral sequential LTx should be performed [22].
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Chapter 5

Pathology of Intestinal
Transplantation: Rejection
and a Case of Tolerance

Tatsuaki Tsuruyama

Abstract

Small bowel transplants are less common than other organ transplants.
Histological criteria for rejection of the transplanted small intestine were proposed
at the 8th International Symposium on Small Intestinal Transplantation 2003-2004.
The Banff Conference on Transplant Disease Pathology, an international conference
on the rejection of small bowel transplants, was held in 2019, and unifying diagnos-
tic criteria were discussed (https://banfffoundation.org/pittsburgh-2019/). These
histological criteria are expected to be standardized in the near future. This review
outlines new findings such as apoptosis and apoptotic-body phagocytic findings in
the lamina propria and behavior of natural killer T (NKT) cells, in addition to pre-
viously known crypt Fas-related apoptosis in acute cellular rejection. Furthermore,
we review the case of a recipient who has shown no rejection for 5 years after
transplantation. In the transplanted small intestine of this patient, the lymphocytes
were replaced by those of another male patient.

Keywords: intestinal transplantation, histology, rejection, natural killer T cells,
apoptosis, tolerance

1. Introduction
1.1 Current status of small bowel transplantation

Small bowel transplantation (SBT) is one of the standard treatments for patients
who are unable to consume a regular diet and have complications from the irre-
versible requirement of parenteral nutrition [1]. Hirschsprung’s disease [2, 3] and
Crohn’s disease [4] patients are two examples. Recent effective immunosuppressive
drugs, well-controlled postoperative care, and advances in diagnostic techniques
have significantly improved the outcome of SBT [5]. Immunosuppressants such as
mycophenolate mofetil, tacrolimus, and steroids, are routinely used for long-term
management after transplantation [6, 7].

Acute cellular rejection (ACR) is a major cause of impaired colonization by the
transplanted small intestine, and it frequently accompanies chronic and irreversible
changes such as ulcers and lamina propria fibrosis. ACR has remained a risk factor
that impedes functional recovery of the intestinal graft [1, 8, 9]. On the other hand,
pathologists frequently encounter various pathologies of the intestinal allograft
[10-12]. For example, mechanical failure of the graft due to operation during
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surgery may occur during the early phase after transplantation. Cytomegalovirus
(CMV) enteritis and Epstein—Barr virus -related enteritis are severe side effects
and post-transplantation lymphoproliferative disorders/diseases [13-15]. It is often
difficult to make a differential diagnosis of the ACR findings. However, histologic
diagnosis is critical for the selection of immunosuppressants and their respective
doses. Tacrolimus, cyclosporin, and steroids are commonly prescribed in the early
stages of rejection [16]. If an excessive dose is administered, the occurrences of
CMYV enteritis and EBV enteritis become inevitable.

Among the various histological features, crypt epithelial cell apoptosis has been
evaluated as a highly reproducible finding. However, other histological findings
have been proposed at different institutions. We have also previously suggested
other findings as indicators of ACR [17-19].

2. Diagnostic criteria for ACR
2.1 Crypt apoptosis

Crypt apoptosis is considered a unique feature of ACR in SBT. The crypt is
an architectural element that is located at the base of the villous epithelium and
serves as the source of mucosal cells. Paneth cells, stem cells, and reserve stem
cells are included in the crypt. Enterocytes are differentiated from reserve stem
cells in the crypt and migrate to the tips of villi through the transit amplifying
zone [20]. The kinetics of differentiation and loss of enterocytes contribute to the
maintenance of quick renewal for mucosal homeostasis. The supply of entero-
cytes becomes interrupted by apoptosis in the crypt, and the shortening of villi
becomes unavoidable. When ulceration occurs, the lesion is susceptible to infec-
tious enteritis such as CMV- and EBV-related enteritis, for a significant period of
time [21, 22].

Pathologically, the diagnosis of small bowel transplant rejection is based on
the appearance of 6 or more apoptotic lesions per ten crypts [3, 4] (Table1). The
detection of crypt apoptosis is commonly used because of its high reproducibility.
Nevertheless, discussions about the number of lesions per crypt were held at the
Banff Conference 2019. In the case we experienced, if more than six apoptotic cells
were detected in the crypts, subsequent ulceration is inevitable, and infection from
the ulcer site might occur. Therefore, we considered that immunosuppressants
should be administered when apoptotic cells were observed in the crypt [18].

Previous apoptosis findings have shown that the cells are eosinophilic with an
intensely stained nucleus [17, 18] (Figure 1). Cells with lobulated nuclei, such as
neutrophils and apoptotic cells, can be confused morphologically; therefore, careful
observation is necessary. Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) staining is one method to avoid this confusion. This staining
procedure involves an enzyme-mediated reaction. First, the fragmented DNA is
labeled with biotin containing terminal deoxynucleotidyl transferase. The labeled
DNA then reacts with streptavidin for staining. Both labels with 3,3'-diaminobenzi-
dine (DAB) and fluorescein isothiocyanate (FITC) are available for visualization of
the apoptotic body [18].

As apoptosis progresses, fragmented cell debris (apoptotic bodies) are observed
in or around the crypt. Increasing the dose of the immunosuppressive drug sup-
presses the progression of apoptosis. Therefore, quick detection of apoptosis is
critical for effective immunosuppression therapy [18, 19].

The factors that cause such apoptotic responses in the crypt and lamina propria
are poorly understood. It is possible that cytotoxic T lymphocytes (CTLs) can directly

90



Pathology of Intestinal Transplantation: Rejection and a Case of Tolerance

DOI: http://dx.doi.org/10.5772/intechopen.94361

Histologic grade
Indeterminate Crypt apoptosis and Lymphocytic apoptosis
related findings in the lamina
propria [18]
Up to 6 apoptotic None
bodies per 10 crypts
Mild >6 apoptotic bodies Isloated apoptotic Phagocytosis of
per 10 crypts bodies in the lamina apoptotic bodies by
Confluent apoptosis propria macrophages [18]
Moderate Increased A few apoptotic body Aggregation of
inflammation, cluster in the lamina macrophages [18]
epithelial injury propria
Severe/exfoliative Mucosal ulceration Apoptotic bodies Granuloma consisting of
aggregate in the lamina macrophages
propria
Table 1.

Histological criteria for ACR of the intestinal allograft [10]. The findings under the lymphocyte and
macrophage categories vefer to our previous study [18].

Figure 1.

Histology of ACR of the intestinal allograft. The onset of ACR. Eosinophil infiltrates are observed in the
ulcerated mucosa (left, 100x ). Apoptotic bodies are observed in the crypt (indicated by arrows, middle, 200x;
right, 100x, TUNEL-stained with 3,3’-diaminobenzidine).

attack the crypt of the graft. However, it is not always histologically evident that
CTLs directly infiltrate near the crypt and remain near this area. There is also a note-
worthy research report suggesting that CD8-positive CTLs are not always involved
in ACR [23]. At the basic research level, rejection of the apoptosis-inducing factors
perforin and granzyme B released from CTLs has been reported [24]. Therefore, the
destruction of the mucosal immune system by local increases in complement and
inflammatory cytokines is thought to be the cause of apoptosis.

2.2 Immunohistochemical monitoring

In addition to the crypt apoptosis, apoptotic lymphocytes are identified by
systematic immunostaining of lymphocyte surface antigens: T cell surface antigens
CD3, CD4, and CDB8; B cell surface antigens CD20 and CD79a; natural killer cell
surface antigen CD56; and activated lymphocytes Fas and its ligand (FasL) [25].
FasL, also known as CD95L, is a surface antigen of activated cytotoxic T cells and
NK cells are observed at the onset of rejection [18] (Figure 2, upper panels).

Apoptotic bodies are also been observed in the lamina propria and Peyer’s patch
(PP) distant from the crypt, and the macrophages that phagocytose them often
aggregate to present granuloma-like findings. Notably, these bodies are stained with
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Figure 2.

FasL immunostaining of the intestinal allograft. FasL-positive lymphocytes in the lamina propria (upper
left, 200x) and Peyer’s patch (upper right, 400x) are shown. FasL-stained apoptotic bodies (lower left,

400x ). Apoptotic TCRVa24 stained cells (lower right, 400x ). TCRV024 and FasL weve visualized with DAB
(3,3-diaminobenzidine).

FasL and Fas, suggesting that the apoptosis relates to the FasL-Fas interactive reaction
(Figure 2, lower panels). This result was first reported in our previous study [18].

3. Endoscopic examination and Peyer’s patch response

Endoscopically, elevation of the small intestinal mucosa may be recognized and
biopsied when clinical rejection is suspected. Since this elevation is observed in
patients who are not receiving oral nutrition, the change may not be the result of
irritation from the lumen of the small intestine and more likely due to the reaction
of the Peyer’s patches (PPs) to aload of patient cells on the graft mucosal immune
system. In our cases, the biopsied Peyer’s patches were injured at the onset of ACR
(Figures 3A and B). Therefore, PP is one of the targets of ACR or other types of
rejection (Figure 3C). Notably, B cells increased in number in the disintegrated PPs
(Figure 3). As described later, IL-5 was increased in the intestinal allograft [17],
which may promote the transient B cell growth in PP.

Figure 3.

Histology of a PP in an intestinal allograft. (A, B) A hyperplastic Peyer’s patch stained with CD79a antibody
before ACR (A) and at the onset of ACR (B). (C) CD8 staining of PP after 42 h at the onset of vejection. Many
CD8+ CTLs infiltrate in PP. CD79 and CD8 were visualized by DAB. The photo magnitude is 100x.
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4. Cases at Kyoto University Hospital

Here we review cases of SBT at Kyoto University Hospital [17, 18, 21, 22]. SBT
was performed owing to intestinal malrotation and Hirschsprung’s disease-related
effects (Figure 4).

Jejunal or ileal grafts were monitored histologically. When fever, increased
intestinal juice, abdominal pain, or C-reactive protein (CRP) elevation in peripheral
blood (>0.5 mg/10™" L) was observed, an endoscopic examination was performed.
In particular, for the first 1 to 2 weeks after surgery, the examination was performed
every other day, and a histological examination was also performed. Once the condi-
tion of the patient became stable, a histological examination was performed approxi-
mately once a week, and the state of the intestinal graft was monitored continuously
for up to 2 months in the hospital. The patient received immunosuppressive therapy
in combination with tacrolimus (trough concentration: 20 ng/mL) and methyl-
prednisolone (30 mg/kg/day, 1 to 3 times). In the biopsy examination, diagnosis by
hematoxylin and eosin staining and findings specific to rejection within 6 h were
confirmed by immunostaining of frozen sections. For histological diagnosis, we
stained the apoptosis-related proteins such as FasL and surface antigens of B cells,

T cells, and NK cells in each case. Steroid pulse therapy was conducted following
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Figure 4.

Imgmunoﬂuorescent staining of natural killer T cells in the intestinal allograft. Immunostaining of an intestinal
allograft. Green signal, FITC and red signal, phycoerythrin [PE]. Nuclei are stained with DAPI (blue). Brown
signal was visualized with DAB. (A) TCRVo24 (200x) and (B) TCRp11 (200x). (C, D) TCRVa24 (green)
and IL-4 (ved) (IL-4 positive iNKT is indicated by an arrow). The observation magnification is 200x in both
cases. (E, F) TCRVa24 (red) and TUNEL (green). (E) TUNEL+ (apoptotic) TCRVo24 + iNKT cells are
observed at the onset of ACR (100x) and (F) 48 h after the onset of ACR (100x). Doubly stained cells were
increased 48 h after the onset of ACR. (G) CDad" dendritic cells. CD1d and CD11c were stained green and

red, respectively. (H) TCRVaz24 stained iNKT cells (ved) and CDad stained dendpritic cells (green). (1) FasL+
(green) TCRVaz24+ (ved) iNKT cells. The observation magnification is 400 x in (G)-(1).”
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detecting the immunological activation with the appearance of FasL-positive T/
NKT cells and apoptotic bodies in the lamina propria. The treatment substantially
prevented the progression of the crypt apoptosis [17, 18, 21, 22].

5. Cytokine production in the intestinal allograft
5.1 NKT cells and cytokines

NKT cells are resident in the large bowel and increase in number in the colorectal
cancer tissue [26]. The NKT cells have a limited T cell repertoire, and the restricted
types are called invariant types of NKT (iNKT) cells. During the onset of intestinal
rejection, the o chain 24 (TCRVa24) and p chain 11 (TCRVf11) on iNKT cells are
positively stained (Figure 4A and B) [17]. iNKT cells are mainly involved in innate
immunity against glycolipids with the assistance of CD1d + dendritic cells [27].
Since iNKT cells are not identified in the small intestine of healthy donors before
transplantation, this finding to be an indicator of ACR [17, 28].

Th1 cytokines, such as interferon-gamma (IFN-y), generally act on the differen-
tiation of CTLs, which promote rejection, while Th2 cytokines may suppress ACR of
SBT. TCRVa24 (+) invariant NKT (iNKT) cells are positive for interleukin 4 (IL-4)
in allografts of the intestine during rejection (Figure 4C and D) [8]. The apoptosis
of iNKT cells are observed at the onset of rejection (Figure 4E and F), indicating
that a part of apoptotic cells in the lamina propria are iNKT cells (Figure 2,
lower right). CD1d+ dendritic cells are detected during the rejection process at the
same time that the rejection progressed (Figure 4G and H). The involvement of
iNKT cells in the rejection reaction has been discussed previously, and there is also
an experimental report regarding their involvement in tolerance [29, 30]. However,
the involvement of iNKT cells in rejection has not yet become apparent [31].
Furthermore, the mechanism by which the expression of IL-4 is directly involved
in mucosal immune regulation remains unclear. However, IL-4 may suppress the
action of CTLs that cause rejection. On the other hand, iNKT cells expressed FasL,
indicating that they are activated in ACR (Figure 4I).

In addition, increased IL-5 production is also observed at the onset of rejection.
IL-5 promotes eosinophil differentiation and chemotaxis [32]. This increase in
production may explain the large number of eosinophils infiltrating the mucosa at the
time of rejection [17]. Conventional T cells and iNKT cells may secrete IL-5 [17]. The
role of eosinophils in rejection has often been debated [33] and there is a discussion
on whether eosinophils may be the target of rejection therapy [34]. An increase in the
rejection of eosinophils has also been reported in the transplanted liver [35]. In the
small intestine, the presence of the mucosal immune system may further complicate
the graft’s immunological environment. Increased eosinophils, however, are histo-
logically detectable and may provide useful information for the diagnosis of rejec-
tion, even in small bowel transplant grafts [5]. As a result of an imbalance in mucosal
immunity, excess production of IL-4 and IL-5 may damage the mucosal epithelium.
The administration of immunosuppressive drugs acts on iNKT cells in addition to
cytotoxic T cells. Therefore, the distribution of immunocompetent lymphocytes in
the mucosa is disturbed, and the treatment protocol should be developed further.

6. Histological tolerance of the intestinal allograft

Finally, we reviewed a case of histological tolerance reported [25]. This case
involves a transplant in a 4-year-old male patient who had short bowel syndrome
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and previously underwent a living small bowel transplant from his mother who
was in her twenties. The patient underwent a small intestinal biopsy 2-3 times per
week for one month. Immunological analysis was performed using CD3, CD4, CD8,
CD20, CD56, CD79a, perforin, granzyme B, FasL, Fas, and TUNEL staining. No
severe rejection with an increase in FasL-positive T cells was detected. The maxi-
mum level of CRP, an inflammation marker, was 1.0 (mg/lO’1 L) at POD67. In situ
hybridization was performed using a Y-chromosome probe to evaluate rejection or
tolerance for evaluation of the immunologic stability of the graft and chimeriza-
tion [36], which comprises multiplex staining with a CD3 fluorescent substance,
for monitoring allografts. Figure 5 shows photographs of the graft 5 years after
transplantation. A part of native T lymphocytes were replaced with Y-chromosome
positive T lymphocytes from a male patient. This patient has been living for longer
than ten years without any clinical symptoms, such as rejection, and is likely one of
the first cases of operational tolerance.

Figures.

Combined in situ hybridization of lymphocytes with the Y-chromosome probe (ved: PE) and CD3-lymphocytic
immunohistochemistry (green: FITC). The photos show the double-stained T cells carrying the Y-chromosomal
investigation, indicating the male-donor devived lymphocytes in the female-derived intestinal allograft. Left
(100x) and right (400x ). The nuclei were stained ved, indicating Y-chromosome positivity.

7. Conclusion

Early diagnosis of rejection of the transplanted small intestine is essential to
facilitate the initiation of therapy that interferes with rejection progression. In
addition to crypt apoptosis, apoptotic bodies in the lamina propria is considered
useful for diagnosis. Furthermore, iNKT cell infiltration was another characteristic
finding. Since histologic features of ACR have been studied extensively. Of note in
future diagnoses are the issues of humoral and chronic rejection.

Appendices and nomenclature

ACR acute cellular rejection
CMV cytomegalovirus

CRP C-reactive protein

CTL cytotoxic T lymphocyte
EBV Epstein-Barr virus
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FasL Fasligand

FITC fluorescein isothiocyanate

iNKT cells invariant natural killer T cells

IL-4 interleukin 4

IL-5 interleukin 5

NKT cells natural killer T cells

SBT small bowel transplantation

TUNEL terminal deoxynucleotidyl transferase dUTP nick end labeling
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Velislava Terzieva, Yordanka Uzunova, Radosvet Gornev
and Lubomir Spassov

Abstract

The success of transplantation depends on multiple factors, but the establishment
of immune tolerant milieu is of critical importance. Hepatic environment consists
of different cellular populations with prominent capacity to tolerate a huge range of
antigens. Among them, regulatory T cells (Tregs) play an important role. They control
the strength of immune reactions against non-self antigens and were shown to have an
impact on the establishment of immune tolerance in the post-transplantation period.
Furthermore, they impact a particular state after transplantation — operational toler-
ance. The abundant data show that Tregs might be manipulated, which suggests their
further implementation as a treatment strategy. Tregs are also a very attractive target
as a biomarker in the monitoring of post-transplantation period. Here, we review the
particular role of Tregs among the broad spectrum of immune tolerance mechanisms
of the liver in the light of the current directions of medical research.

Keywords: liver transplantation, regulatory T cells, immune tolerance, biomarker,
operational tolerance

1. Introduction

Transplantation is the most beneficial approach to treat diseases, manifested by
irreversible changes of the liver parenchyma. The success of transplantation depends on
both the surgical operation and the development of an immune tolerant milieu in the
post-transplantation period. In solid organ transplantation, the immunological mecha-
nisms that are naturally dedicated to the defense from foreign antigens (microbial, viral
etc.), are directed towards HLA (MHC) molecules and allo-antigens of the graft. This
powerful immune reaction may destroy the graft and compromise the beneficial effect
of the transplant. In the routine clinical practice, the control of effector immune func-
tion is achieved through immune suppressive therapy. However, in kidney and liver
transplantation a spontaneous development of immune tolerance where a particular T
cells subset — regulatory T cells (Tregs) is supposed to play important role [1].

Thus, recent achievements in transplantation research motivate the focus on the
immunological mechanisms in two directions. From one side, this is the continuous
investigation on new and more relevant biomarkers for the monitoring of the post-
transplantation period and prediction of graft rejection. From the other side, is the
need of new therapeutic opportunities that might be influenced by the scientific
research on the fine immune mechanisms [2].
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Figure 1.
Principal medical conditions that requive liver transplantation.

Studies on Tregs are particularly intense in the field of transplantology precisely
in connection with their suppressive function. Lots of data in the literature on their
behavior in transplantation of solid organs as well as stem cells is present. While in
kidney, heart and other transplants already have outlined trends in the dynamics
and even the therapeutic application of Tregs [3], the situation with liver trans-
plantation (LT) is more special.

Patients with life-limiting liver disease, which may present in the form of acute
liver failure, end-stage chronic liver disease, hepatic malignancy, or inborn meta-
bolic disorders need LT - liver function is heavily impaired as a result of irreversible
morphological changes (Figure1).

Whatever the cause, the outcome of liver transplantation depends on three
main factors: the clinical approach, the immune characteristics of the liver, and the
therapeutic provision of immunological tolerance.

2. Clinical aspects of liver transplantation

From a clinical point of view, the outcome of transplantation depends on the
general condition of the recipient (MELD score in adults and PELD score in children)
before surgery and the quality of the graft, surgical technique, postoperative care,
immunosuppressive therapy. The operation is one of the largest in volume and com-
plexity in surgery in general. Most often in Europe and the United States the so-called
“standard” LT is performed, in which an entire organ is transplanted - whole liver
graft. Deceased liver transplantation (DLT) is not common in Asia and part of a living
donor organ is used [4, 5].

In deceased, an organ donation is possible when the graft is from a donor who
has been registered as brain dead (brain dead donor) and donation after
cardiac death.

Liver transplantation from a living donor (LDLT) offers some advantages over
cadaveric donation: determining the time of the operation, the graft is from a
healthy person and is in optimal condition, the cold ischemia time is shortened.

It is suitable for children due to the possibility of precise selection of the graft in
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accordance with the patient’s weight. Choosing a donor candidate is sometimes
difficult due to the presence of arterial variations combined with additional
abnormalities in other vessels and the biliary tract [6]. LDLT is suitable in cases of
rare diseases in patients under 1 year of age. Of the pediatric liver transplantations
performed at Lozenets University Hospital, about 65.5% of the patients are in this
age group, and between 10 and 18 years of age they are significantly fewer [7].

Another type is domino transplantation, but it is rarely performed. Indication
for it is Familial amyloid polyneuropathy (FAP). The disease affects extrahepatic
organs and liver function is preserved. This allows the liver of the FAP patient to be
given to another patient, from whom (in turn) receives the damaged organ (domino
effect) [8]. The main requirement for the FAP recipient is to be over 55-60 years
old, in order to minimize the risk of developing the disease.

Partial transplantation is performed as a matter of urgency in two specific
situations. The first is in acute liver failure, in order to support the damaged organ
until its recovery. The graft is then removed and the immunosuppressive therapy
is stopped. The second case is in patients with congenital functional or metabolic
disorders that affect the liver. Implantation of the partial graft preserves its own
organ, corrects metabolic abnormalities and does not require whole liver trans-
plantation [9]. In both situations, the transplant can be orthotropic or heterotropic.

A variant of the partial transplantation is the split-transplant, in which the two
lobes are distributed between two recipients. In recent years, due to the increased
number of patients on the waiting list and the small number of potential donors, the
technique of split-liver transplantation has been applied in which in vivo /in situ or
ex-vivo/ex-situ the liver is divided into two parts - right for adult transplantation and
left for pediatric transplantation. In some cases, it is possible to use the split-tech-
nique for transplantation of two adults. It is preferable to perform split-LT in-vivo,
which reduces the risk of biliary complications, hemorrhage and significantly reduces
the cold ischemia time of the graft [4, 5]. The main condition is the ratio between the
weight of the graft and the patient, which must be at least 0.8% [4, 10]. The aim is to
ensure the long-term vital functions of the recipient.

The complexity of the operation creates preconditions for the occurrence of
complications during and after the operation. In the postoperative period, the
leading are vascular and biliary complications, stenosis of the anastomosis, risk of
infection and others.

In the long term, the outcome of transplantation depends largely on the estab-
lishment of optimal post-transplant immune tolerance. Here the immunological
features of the liver, which distinguish it from other organs, play a significant role.

3. Tolerogenic milieu of the liver

The liver is a metabolic organ with a principal role of the detoxification and
nutrient storage, but also protein synthesis and production of biochemicals
required for the digestion and growth.

Without a doubt, the liver is also an important element of the immune system.
A broad range of parts of innate and adaptive immunity is synthesized inside like
acute-phase proteins, cytokines, complement components etc. Indeed, the cells
that populate the liver encompass not only those with metabolic function. A great
variety of immune cells are found in the parenchyma. Liver sinusoidal endothelial
cells (LSECs), Kupffer cells, dendritic cells, hepatic stellate cells (HSCs), natural
killer (NK) cells, NKT cells and T cells are present in the liver interstitium. In
addition, hepatic cells express surface receptors immanent for the innate immunity
[11]. Altogether, they participate in the establishment of a particular milieu that
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from one hand tolerates a broad range of gut-derived antigens continuously pass-
ing across and on the other hand, retain the capacity to set up an immune response
against pathogens like bacteria and viruses.

The questions of how this community maintains an immunotolerant environ-
ment to nutritional antigens, provide effector response to pathogens and guarantee
liver transplantation are of particular interest. Moreover, the graft rejection is
relatively rare in LT as compared to other SOT.

The combination of particular anatomy, variety of cells, specific expression of
HLA molecules [12] and sustained antigenic stimulation makes the liver a unique
immunologic structure. The blood delivered by vena portae is rich in alimentary
and other antigens, which in fact are tolerated by the healthy liver. Indeed, the basal
levels of pro- and anti-inflammatory cytokines are constant, but change under
pathologic conditions in etiology-dependent manner [13-15].

The liver primarily is a metabolic organ and this function significantly impacts
its immunologic reactivity. The metabolism of carbohydrates and lipids has a
particular impact. Absorbed by hepatocytes, they are collected as glycogen and
lipoproteins. Further on, cholesterol, triglycerides and other intermediate metabo-
lites can trigger TLR signalization and inflammasome activation. The final result
is the increased pro-inflammatory cytokines secretion followed by the initiation of
different pathologic phenomena, liver fibrosis for example [16]. Another example
demonstrates that metabolic variations in hepatocytes during hepatitis B and C
infection can raise viral replication [17, 18].

Together with hepatocytes, dendritic cells and macrophages also participate
in the hepatic cytokine regulation. The oxidative phosphorylation may switch to
anaerobic glycolysis (effect Warburg) leading to stimulation of pro-inflammatory
mediators synthesis [19, 20]. Succinate dehydrogenase can additionally influence the
cytokine balance. Its high levels may activate Hypoxia induced factor-1 (HIF-1) and
production of IL-1p, thus providing evidence for the direct communication between
the cellular metabolism and inflammatory response [21]. IL-1f per se is an important
player in the control of homeostasis by regulating sleep, feeding, temperature in
healthy conditions [22]. In pathologic situations, IL-1p is a critical mediator of the
inflammatory response through processing of pro-IL-1p by Caspase-1 via inflamma-
some [23, 24]. Other mechanisms can be also involved in the cleavage of pro-IL-1p
into biologically active IL-1b. Among them are serine proteases-neutrophil elastase,
proteinase 3, cathepsin G in neutrophils [25-27] and the spontaneous release of
IL-1 following pyroptosis and necroptosis [28]. Not surprisingly, IL-1f levels were
found increased in other, relatively frequent medical conditions like NAFLD [29].

4. Tolerogenic properties of liver cells

Hepatic cells represent a heterogeneous population where different liver resi-
dents have their own tolerogenic approach (Figure 2).

4.1 Hepatocytes

Parenchymal hepatocytes are the major population in the liver. Although being
involved in metabolism, toxin neutralization and glycogen synthesis, they function
also as immune cells by expressing immune-associated molecules like pattern rec-
ognition receptors (PRRs), adhesion and major histocompatibility complex (MHC)
molecules [30, 31]. The latter permit hepatocytes to act as antigen-presenting cells
for CD8+ T cells and to trigger their activation and proliferation [32]. However,
the particular hepatic environment does not ensure the required survival factors
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NKT/ILC/NKT

upffer cells

Cell type Tolerogenic capacity
Hepatocytes Expression of PRRs, MHC molecules, antigen presentation, , induction of Tregs
Kupffer cells Receptors for complement and antibodies, TLRs, cytokines

Liver Sinusoidal Endothelial ~ Expression of TLRs, RIGs and B7-H1, antigen presentation,
Cells

Stellate Cells (SCs) Antigen presentation, PD-L1, B7-H7, Fas/Fas-L expression, induction of Tregs
Liver Dendritic Cells (LDCs)  Generation of Tregs, immunosuppressive cytokines
NKT/ILC/NKT Limited response to stimulation vie TCR, weak suppressive potential

Regulatory T cells (Tregs) Production of suppressive cytokines, expression of inhibitory molecules,
Potential to be introduced as immune therapy after transplantation

Figure 2.
The mosaic of tolerogenic cells in the liver. On the table below are shown main tolerogenic mechanisms,
employed by every population.

for CD8+ cells and they rapidly undergo activation-induced apoptosis [33].
Interestingly, the inflammatory response can be accompanied by the expression of
MHC class Il molecules followed by antigen presentation to CD4+ T cells [34, 35].
Depending on the differentiation status of helper cells, they may undergo Th2
differentiation of uncommitted CD4 T cells, or abrogated ability of previously dif-
ferentiated Th1 to secrete interferon-y, and finally - switch of CD4 + T effector cells
towards induced regulatory T cells (FoxP3 + CD25+) [33, 36] . Ergo, liver parenchymal
cells have substantial tolerogenic potential directed to both CD4+ and CD8+ T cells.
Whether all would be launch together or not need to be elucidated.

4.2 Liver sinusoidal endothelial cells

Liver sinusoidal endothelial cells (LSECs) are an important part of the reticu-
loendothelial system. They are highly specialized and form the lining of the
hepatic sinusoids. Their characteristic morphology (abundant fenestrae) and the
permanent exposition to the blood flow permit them to filter out blood antigens.
From an immunological viewpoint LSECs are liver-resident antigen-presenting
cells that might be considered as bridge between the innate and adaptive immunity.
It is evidenced by the expression of TLRs and RIGs, which under stimulation, turn
on the production of proinflammatory cytokines, upregulation of costimulatory
molecules and release of cytokines, that affect T cells [13, 37]. In parallel, LSECs
may present antigens to T cells although not being professional APCs as shown by
the expression of MHC class I on the LSECs surface [15]. The question about MHC
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class IT expression is still not well clarified, although under specific conditions,
LSECs may present antigens to CD4+ T cells inducing immune tolerance [38] .
LSEC actively participate in the induction of tolerance. For example, in naive CD8+
T cells, the cognate interaction triggers the expression of co-inhibitory B7-H1 but
not the co-stimulatory CD80/86 molecules exclusively on LSEC but not DC, which
together with increased costimulation via CD28 is critical for the induction of CD8+
T cell tolerance by LSEC [39].

4.3 Kupffer cells

Kupffer cells (KCs) are particular subset of macrophages, settled in the liver.
They represent appr. 35% of the non-parenchymal liver cells and 90% of all
tissue macrophages [40]. They are located in the sinusoids, thus being systemati-
cally exposed to gut-derived antigens, circulating immune cells and pathogens.
The principle function of KCs is pathogen killing. However, KCs are armed with
scavenger receptors, TLRs, complement receptors and antibody receptors, secrete
cytokines and chemokines and express broad range of receptor molecules [41].
Thus, KCs not only participate in antimicrobial killing, but also are an active player
in the immune network. Their primary function is the antigen presentation. They
express MHC class I and class II molecules which together with other costimulatory
molecules activate T cells. In healthy conditions, KCs promote immune tolerance in
several ways — lower expression of MHC class II, B7-1, B7-2, CD40, PD-1/PD-1L
and possible involvement of IL-10, nitric oxide, TGF-b [38, 42]. Other mecha-
nisms include the ability of KCs to absorb and clear alloreactive antibodies in liver
transplantation [43]. Conversely, when stimulated (through TLRs for ex.), KCs
become potent activators of T cells and NK cells [44]. In animal models, depletion
of graft Kupffer cells was beneficial for the graft acceptance [45]. The double sword
performance of KCs needs to be investigated in details, especially in humans. In any
case, the current knowledge clearly indicates the KCs impact heavily on the reactiv-
ity of the liver immune system.

4.4 Stellate cells

Hepatic Stellate cells (HSCs) are another subset with immune function. This
relatively small population (5-10% of liver parenchymal cells) resides in the space
of Disse and is primarily involved in the storage of retinoid droplets and vitamin A
and regulation of blood flow in the sinusoids [32, 46, 47]. In the intact liver, they
are quiescent cells. Once activated, they differentiate to myofibroblast and partici-
pate in hepatic fibrosis pathogenesis [48]. The second direction of their function is
the immunosuppression. Study in animals and humans show that they are effec-
tive antigen presenting cells with tolerogenic capacity because of the expression
of PD-L1, B7-H7 and Fas/Fas-L pathways [49-51]. When activated, HSCs induce
myeloid derived suppressor cells and Foxp3+ regulatory T cells by production of
retinoic acid [52] In addition, they produce a broad range of cytokines, like TGF-b,
IL-6 etc., and are able to respond to them, thus actively participate in the immune-
mediated network in the liver [48].

4.5 Liver dendritic cells
Dendritic cells (DCs) are professional antigen-presenting cells. Following the
antigen processing, they activate T cells and unlock the adaptive immune reaction.

The liver-resident DCs are distinct population as compared to blood DCs. While
DCs expressing CD1c and CD14 represent 95% of blood DCs, in liver they are 70%
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and those expressing CD141 increase up to 30% [53]. It is still unclear in details
how these cells contribute to the development of immune tolerance. Although
some evidences that DCs may enhance graft rejection by increase of CD80 and
CD86 expression [54, 55], the depletion of donor DCs is followed by graft rejec-
tion [56]. The investigations of Bamboat et al. demonstrate that liver DCs gener-
ate more suppressive CD4*CD25'FoxP3+ T regulatory cells and IL-4-producing
Th2 cells via an IL-10-dependent mechanism [57]. Another particular feature

of LDCs is their low endocytosis capacity and weak capacity to stimulate T cells.
Conversely, they produce high levels of the immunosuppressive IL-10 [58, 59]. The
comparison with their splenic match reveal important differences: lower secretion
of type I interferons, “lipid-based dichotomy” - lipid contents dependent antigen
presentation, plasmacytoid DC (B220") account for 19% of liver DC, but only 5%
of spleen DC [60-62].

4.6 NK, ILC cells and NKT cells

Natural killer cells represent 30-50% of hepatic lymphocytes [63]. They
differ from conventional NK cells and are closer to innate lymphoid cells (ILCs).
In mouse they are closer to ILCs1, because of the expression of NK1.1 (CD161),
CD69, CD49a NKp46, TRAIL. Both in mouse and human, these cells express
CD49a and CD69 and secrete IFN-g and TNFa, but have weak suppressive capac-
ity [64]. The third subset NKT cells are well presented in the liver. Different
subsets are differentially presented in mice and humans, but have similar func-
tion - support immune homeostasis, control autoimmune reactions and immune
responses to microbial and viral infections and cancer [65]. Of particular interest
are invariant NKT and mucosal-associated invariant T cells (MAIT). They are
CD3'CD4°CD161'Va7.2" cells and have robust IFN-g and granzymes B response
to inflammatory signal, but limited responsiveness when stimulated directly via
TCR [66, 67].

Therefore, the proper hepatic cells have dual function. On one hand they are
involved in metabolic processes in the liver and on the other — they participate in
immune-mediated reactions per se and by carrying out the function of a bridge
between biochemical reactions and immune pathways.

Hepatic cells interact with local immune cells and thus actively participate in
the establishment of a sustained immune tolerant milieu. Zheng and Tian (2019)
analyzing current data, highlight the death of effector cells and the “education”
of regulatory cells as key processes leading to the development of liver tolerance.
Additionally, they describe a broad spectrum of baseline immune mechanisms
responsible for the state of hyporesponsiveness — clonal deletion, clonal anergy,
clonal deviation, T cell dysfunction/exhaustion, education etc. [68].

5. Regulatory T cells - conditio sine qua non for liver transplantation
tolerance

5.1 General characteristics of regulatory T cells

Regulatory T cells are considered as the effector cellular arm of immune
tolerance. Since the first publication of Kojima (1976), there is a constantly
growing interest towards Tregs — cellular properties and medical applications
[69]. Along with their unique suppressive phenotype (CD25 + FoxP3 + CD4+ T
cells) [68, 69], Tregs express broad range of molecules that mirror their affilia-
tion to the population of T cells and are widely applied in research and medical

107



Organ Donation and Transplantation

practice. Similarly to conventional T cells, they may be differentiated as naive and
memory, based on the expression of CD45RA, recent thymic emigrants (CD31),
activated (HLA-DR) etc. [70, 71]. Their trafficking is ensured by the expression
of chemokine receptors [72, 73].

The hallmark of Tregs is the expression of the transcription factor FoxP3 [68]. It
controls the transcription program of Tregs by regulating several genes — increases
expression of [I2va (CD25), Ctla4 (CTLA-4), Tnfrsf18 (GITR), but inhibits those of
1I2. At the same time Foxp3 is subject of a tight regulation, where STATS signaling
pathway is probably of key importance [74-77]. One may say that this is as two
step process, starting with the generation of CD25"> but FoxP3~ Tregs-precursors,
followed by the induction of FoxP3 through cytokine/STATS5-dependant signals
involving HDAC [74, 78, 79]. Blocking of JAK/STAT pathway downmodulates Foxp3
expression [80]. In addition, a group of studies indicate that the maintenance of
Tregs suppressive function is dependent on the epigenetic regulation of foxp3 locus
by the Polycomb repressive complex 2 (PRC2). PRC2 consists of four subunits, pri-
marily of enhancer of zeste homolog 2 (EZH2), EED, SUZ12, and RbAp48, where
EZH2 is of particular interest [81]. The function of EHZ?2 differs among different
T-cell populations, leading to variations in H3K27me3 levels and silenced genes.

In FoxP3 negative cells, EZH2 deficiency is associated with autoimmune diseases,
reduced number of Tregs and expansion of memory T cells [82, 83].

The origin of Tregs in periphery is still a hot topic. Clear evidences show that
a subset of Tregs - thymic Tregs (tTregs), come directly from the thymus during
the process of intrathymic maturation of T cells [84-86]. Their selection occurs
predominantly in the medulla during the negative selection by the high-avidity
interactions between mTECs and thymocytes [87, 88], although some studies
indicate that the process starts earlier, in the cortex [89]. Under specific conditions,
like increased concentration of TGF-, hormonal changes or continuous antigenic
stimulation, Tregs can arise from naive CD4+ T cells in periphery — inducible Tregs
(iTregs) [90-92].

5.2 Tregs are armed by different suppressive mechanisms

Independently of the origin, Tregs are powerful immune suppressors. Both
subsets use several approaches to regulate the strength of the immune response.
Roughly, they are based on the expression of particular molecules, secretion of
cytokines and consumption of IL-2 and might be categorized as contact-dependent
and contact-independent.

Early studies demonstrated that the contact-dependent way is effectuate by the
constitutive expression of CD152 (CTLA-4) by Tregs [93, 94]. The engagement of
CD80/CD86 pathway activates tryptophan catabolism and expression of indoleamin
2,3 dioxygenase (IDO) [95]. Another mechanism involves PD-1/PD-L1 [95]. It is
effective both against autoreactive B cells [96] and T lymphocytes [97]. Dilek et
al. using alloreactive human T cells and blocking antibodies, evidenced by live cell
dynamic microscopy that CD28, CTLA-4, and PD-L1 differentially control velocity,
motility and immune synapse formation in activated Teff versus Tregs [94]. Although
natural, their expression on the Tregs surface is inducibly increased and ensures the
negative regulation of different receptors mediated signaling cascades in the target
cells [98, 99]. Thus, Tregs directly attenuate cellular proliferation and activation.

The second line is facilitated by the production of different soluble factors
upon activation. Among them are the immunosuppressive cytokines IL-10, TGF-b
[100, 101], IL-34 [102] and IL-35 [103, 104]; perforins and granzymes [105]. It
should be also considered that Tregs are target of cytokines like the proinflam-
matory TNF-a. The exact effect needs to be precised because current data are

108



Regulatory T Cells in the Mosaic of Liver Transplantation Tolerance
DOI: http://dx.doi.org/10.5772/intechopen.94362

controversial. The study of Valencia et al. evidenced that treatment with anti-

TNF antibody (infliximab) increases FOXP3 mRNA and protein expression by
CD4*CD25"™ Tregs and restored their suppressive function [106]. Later on, Chen et
al. shows that upon in vitro activation with plate-bound anti-CD3 Ab and soluble
anti-CD28 Ab, Foxp3 expression by highly purified mouse Tregs is markedly
downregulated. TNF partially abrogates this effect and stabilizes Foxp3 expression
as this effect of TNF can be blocked by anti-TNFR2 Ab, but not by anti-TNFR1 Ab
[107, 108]. In any case, the role of TNF-a needs to be further investigated because
TNEF-a plays important role in the inflammatory reactions, where Tregs are
expected to be also involved.

Upon activation, effector T cells produce IL-2, which stimulates T cells prolifera-
tion and the expansion of the immune response. At the same time, Tregs are distin-
guished by the their high expression of CD25 [109]. These facts suggest that Tregs
need IL-2 to survive [110, 111]. Placed in an activated milieu, Tregs may compete with
effector cells and as a result, decrease the levels of IL-2 in the environment. In fact,
this is the third approach that Tregs apply to achieve a state of suppression [112, 113].

Regulatory T cells apply all of the above-mentioned approaches for the establish-
ment of immune-tolerant milieu. Still, there are no evidences about the mechanism
preferred by nTregs or iTregs. Similarly, despite the abundance of data, no specific
mechanisms can be attributed to a particular pathologic condition. Probably, the
modus operandi of Tregs depends on the finetuning of T-cell receptor-antigen rec-
ognition and interaction, the target cell characteristics and the cytokine spectrum
in the surrounding milieu.

5.3 The impact of regulatory T cells on the operational tolerance

The establishment of immune tolerance after solid organ transplantation (SOT)
is the key therapeutic challenge in the post-operative period. In most cases, it is
induced by the continuous application of immunosuppressive therapy. However, in
some patients, a discontinuation of the regimen arrives, due to infections, cancer
etc. Surprisingly, in some cases changes in immunological parameters, indicating
the development of a state of immune tolerance were found despite the lack of
immune suppression. This particular situation is defined as operational tolerance
and is characterized by the absence of any clinical and histological signs of rejec-
tion in therapy free patients [114]. The operational tolerance (OT) is reported
after transplantation of different solid organs, but is frequent in LT [115, 116]. It is
supposed that tolerogenic properties of the liver and residential lymphocytes play a
key role in this process [117]. The exact mechanisms are not fully clarified, but the
intensive research highlights that it depends on multiple factors. Among them are
regulatory T cells, particular gene expression profile and serum levels of HLA-G.

Regulatory T cells are the first parameter associated with OT. In patients
with spontaneous tolerance they are increased independently of the age of
recipient [118]. According to the study of Koshiba et al., not only the proportion
CD4 + CD25high + T cells was increased in the tolerant patients’ peripheral lym-
phocytes and suppressed MLR specifically to the donor antigen, but also FOXP3
expressing cells were present within the tolerant liver [119]. Pons and colleagues
describe sustained increase in CD4 + CD25+ and CD4 + CD25" cells in patients with
operational tolerance in comparison with non-OT patients in a bimonthly evalua-
tion intervals until M16 [1].

Interestingly, in LT Tregs show a particular dynamic. In one of the earliest
studies, pre-transplantation levels of Tregs were higher in patients than in controls.
Lowest levels were observed at month 3 after Tx, followed by a relative increase at
12 months and at later time points [120].
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The main question is why these cells are elevated in recipients? In fact, up to now
reports discussing this topic in the literature are insufficient. The detailed study
of Demirkiran and colleagues examined the presence and allosuppressive activity
of CD4 + CD25 + Foxp3+ Tregs in perfusates of human liver grafts and monitored
the cells presence in the circulation of recipients after liver Tx. The authors show
an increased proportion of CD4 + CD25 + CTLA4+ T cells compared with healthy
control blood. The increased percentages of Foxp3+ cells, which were negative for
CD127, confirmed the enrichment of Tregs in perfusates. They suppressed prolifera-
tion and IFN-y production of donor and recipient T cells. In vivo within the first
weeks after Tx, up to 5% of CD4 + CD25 + CTLA4+ T cells in recipient blood were
derived from the donor liver, indicating that a substantial number of donor Tregs
detach from the liver graft during perfusion and continue to migrate into the recipi-
ent after Tx. These donor Tregs suppress the direct pathway alloresponses and may
in vivo contribute to chimerism-associated tolerance early after liver Tx [121]. Ina
small number of patients, we found a pick in the percentage of Tregs at day 7 (D7)
followed by a decrease until D30 being always around and above healthy controls
values independently of the diagnosis or age. The simultaneous routine measure-
ment of liver function laboratory parameters revealed that the increase in Tregs pre-
cedes albumin synthesis restoration [122]. In another study Baumann et al. evidence
that the benign clinical course of subclinical rejection (SCR) compared to acute
clinical rejection (ACR) is associated with intrahepatic T cell infiltration patterns
showing less cytotoxic T cells and more CD4 + FOXP3+ Tregs. They demonstrate that
in patients with SCR the pattern of infiltrating T cells is characterized by a stronger
accumulation of CD4+ cells, an increasing CD4+/CD8+ ratio, and an increasing
CD4+ forkhead box P3 (FOXP3) + regulatory T cell (Treg)/CD8+ ratio, which
was not seen in acute clinical rejection. These intrahepatic T cell patterns were not
reflected in the peripheral blood [123]. Cumulatively, these data suggest the presence
of particular sort of cellular chimerism, associated with liver transplantation.

The chimerism is a specific phenomenon characterized by the presence of cells
from one individual in another. Microchimerism is reported in hematopoietic stem
cells transplantation as a result of migration of passenger lymphocytes from the
graft into recipient and in pregnancy (foetus). In SOT, microchimerism is described
in mice first [124]. Among multiple reports showing than donor mononuclear cells
migrate from the graft in the recipient, Jonsson et al. find that the peak levels of
chimerism are within the first 48 hours after transplantation and the range reaches
20% of total peripheral blood mononuclear cells [125, 126]. In a concise and very
interesting review, Abrol and colleagues assume that increased expression of che-
mokines in the liver attracts alloreactive T cells that are subsequently destroyed by
coming in contact with various liver cells inherently programmed towards tolerance
induction [127]. Donor specific hypo-responsiveness, down regulation of T helper
type I cytokine (IFN-y) and no change in T helper type 2 cytokine (IL10) in the
in vitro mixed lymphocyte reaction in recipients who achieved operational toler-
ance were also reported [128]. Indeed, this topic needs more studies directed to the
detailed evaluation of different cellular subsets. Probably, Tregs might be part of
passenger leucocytes or they might be secondary induced by the modified hepatic
environment.

6. Other tolerogenic strategies
Tregs are not the only approach, involved in tolerance establishment in liver

transplantation. Other cells also participate in by expressing particular molecules or
changing their genetic pattern.
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In 16 operationally tolerant liver recipients, 16 recipients requiring on-going
immunosuppressive therapy, and 10 healthy individuals by microarray profiling
Martinez-Llordella et al. identified a gene expression signature that could discrimi-
nate tolerant recipients from immunosuppression-dependent patients with high
accuracy. This signature included genes encoding for y8 T-cell and NK receptors,
and for proteins involved in cell proliferation arrest. In addition, tolerant recipients
exhibited significantly greater numbers of circulating potentially regulatory T-cell
subsets (CD4 + CD25+ T-cells and V81+ T cells) than either non-tolerant patients or
healthy individuals [129].

The human leucocyte antigen-G (HLA-G) is a non-classical HLA class I mol-
ecule with prominent tolerogenic properties. It inhibits cytotoxicity and prolifera-
tion, but stimulates the development of regulatory T cells. HLA-G is present as a
membrane-associated form and a soluble one. Interestingly, the uptake of HLA-G
by some resting but mostly in activated CD4 and CD8 T cells leads to the instant
generation of a new type of regulatory cells that initially act through cell-surface
molecules that they temporarily display but do not express themselves [130-132].
This mechanisms is defined as trogocytosis and seems to play important role for
the establishment of immune tolerance [133]. Several groups provides evidences
about the role of HLA-G in kidney and heart transplantation [134-136]. In healthy
conditions in adults, HLA-G is weakly expressed in liver, but it might be transmit-
ted through transendothelial migration and/or trogocytosis from circulating cells
under particular circumstances like cytokines, hypoxia etc. [137-139]. In all cases,
elevated levels of sHLA-G is associated with reduced risk of rejection and better
survival [140, 141].

7. Clinical relevance of regulatory T cells for liver transplantation

Slowly, but without doubt, regulatory T cells are getting involved in the diag-
nostic process of many pathological conditions, expressed by deviations in immune
tolerance — autoimmune [142, 143], tumors [144, 145], recurrent pregnancy loss
[146, 147], primary immune deficiencies [110, 148] etc.

Current data indicate that Tregs have the potential to be a potential biomarker
for the monitoring of the posttransplantation period [2]. Specifically, in liver
transplanted patients Tregs are object of intensive research mostly because they
are inherently involved in the operational tolerance and are part of natural liver
toleragenic mechanisms. Despite the abundant data showing the benefit of Tregs
determination during posttransplantation period, there are still many unresolved
questions. Some of them are related to the definition of Tregs phenotype that
should be used. Although identified as FoxP3 + CD4+ T cells, the expression of
FoxP3 was demonstrated less informative than the promotore demethylation
because it distinguishes true Tregs from transiently FOXP3+ activated T cells [149].
For diagnostic purposes, Tregs are often defined as CD127-CD25 + CD4+, but recent
advances in the field showed a population CD25- [150], which is not fully character-
ized regarding CD127. Another direction that needs to be elucidated are Tregs in
biopsies and peripheral blood. In Barcelona consensus (2016) several studies are
shown with ambiguous results [151], that does not provide clear evidences for the
relevance of Tregs measurement in posttransplantation period. The third direction
is the significantly decreased expression of CD25 in relation to the immunosuppres-
sive therapy and the consecutive inability to find out CD25"Treg cells in the periph-
ery. Although Tregs are highly informative regarding the operational tolerance
[152], the question is still unresolved and more studies are required to determine the
value of Tregs in the monitoring of post-transplantation period.
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It seems, that Tregs are more promising as a therapeutic approach for the control
of immune activation and development of a state of immune tolerance. Early
experimental studies demonstrated association between them and the delay in islet
allograft rejection and long term survival [153, 154]. During last five years, together
with other approaches [155], Tregs attract the medical interest in the field of GVHD
and solid organ transplantation [156, 157]. Todo et al. in 2016 report phase I results
clinical trial with ex vivo expanded recipient polyclonal Tregs in living kidney
transplants. Despite variability in recipient’s renal disease, the expansion protocol
produced Tregs which met all release criteria, expressing >98% CD4 + CD25+
with <1% CD8+ and CD19+ contamination and > 80% FOXP3 expression with
stable demethylation in the FOXP3 promoter. Within recipients, expanded Tregs
amplified circulating Treg levels in a sustained manner. Clinically, all doses of Treg
therapy tested were safe with no adverse infusion related side effects, infections or
rejection events up to two years post-transplant [158]. Another study undertook a
direct comparison of the in vitro and in vivo functional activities of the different
memory and naive Treg subpopulations showing that the naive Treg is the Treg
population that exhibits the ideal biological features of a Treg therapeutic while
the highly suppressive memory Tregs should be purposefully excluded from a Treg
therapeutic due to their low lineage delity, low proliferative capacity, and greater
pro-inflammatory potential [159]. Recently published results from The ONE study
demonstrates that regulatory cell therapy is achievable and safe in living-donor
kidney transplant recipients, and is associated with fewer infectious complica-
tions, but similar rejection rates in the first year. Therefore, immune cell therapy
is a potentially useful therapeutic approach in recipients of kidney transplant to
minimize the burden of general immunosuppression [160].

Finally, the immune capacity of the liver depends on the local hepatic and
immune cells that transitory populate it. The current research provides abundant
data about the intercellular tolerogenic mechanisms. However, some points need
to be better clarified from the scientific and medical point of view. Among them
are the fine-tuning of common immunosuppressive therapeutics regarding
regulatory T cells, biochemical mechanisms of interactions between hepato-
cytes and immune cells, whether immune parameters of activation/suppression
might provide information in advance about the liver function, the impact of
individual immunogenetic variations on the recovery and operational tolerance
etc. We think that the immune system should be considered as important player
in the liver tolerance network and involved in the post-transplantation period
monitoring.

8. Conclusion

The liver is a unique structure, where immunological mechanisms meet meta-
bolic processes. The tightly regulated collaboration between them creates particular
tolerogenic milieu that impacts the homeostatic state. Regulatory T cells are shown
to play important role in these events. Their dynamic and function are promising
for the further development of new biomarkers and treatment strategies in liver
transplantation.
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Coupling and Deviating
of Altruism-Voluntariness
Relationship in Organ
Transplantation

Mesut Giivenbas and Omur Sayligil

Abstract

Organ transplantation is an issue that concerns two people (donor and recipient)
at the same time in terms of the right to life, which is the most basic human right.
The direct utility arising from organ transplantation involves the patient to whom
the organ is transplanted, and the indirect utility relates to the donor. Today, the
decision to obtain an organ from a living donor is based on the idea of doing some-
thing good by those who sacrifice themselves for their relatives. The person who
donates an organ treats their body as an instrument and uses their willpower on it.
If the statement “I will care about the health of others” is accepted as a universal
principle, it will be very important to establish a balance between the duty of caring
for the health of others and protecting one’s own health. If we want to introduce
a new approach to be adopted in the assessment of living donors in society, we
must look at the real situation in terms of utility, altruism, and volunteering. This
Chapter thus evaluates organ transplantation from living donors in terms of utility,
altruism, and volunteering.

Keywords: altruism, voluntariness, organ transplantation, autonomy,
pre-transplantation assessment

1. Introduction

Wouldn’t the world be a better place if there were no limits to sacrifice? Most
people will answer yes to this question. When it comes to organ transplantation, can
this fact occasionally contradict primum non nocere, “first, do no harm”, which is
the basic doctrine of medicine. Although selfishness is rarely accepted as a strategy
for the benefit of the group, in evolutionary formulation, altruism benefits the
group and selfishness interferes with altruism. While the living donor benefits
the person who needs organ transplantation, they assume a group of life risks in
advance. In this case, assessments will be multi-layered. Can the recipient’s physi-
cian take a paternalistic approach to the benefit of their patient? How much risk
can the donor take with the thought of benefiting another person? How should the
decision of the potential donor to donate organs be handled? How should the organ
donation decision based on their altruistic approach be evaluated within the scope
of autonomy? Do the risks undertaken by the donor mean that they will be harmed?
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It is of course possible to augment the number of questions, but the need for organ
transplantation is increasing every other day. The number of donors does not match
the needs, and this increases the need for organs every other day and causes the
waiting lists for organs to get longer. Due to the scarcity of cadaver donations espe-
cially in some countries, organ transplantation, including kidney transplantation, is
performed mainly from living donors.

With the increasing need for organs, organ transplantation from living donors,
who are relatives of the recipient or not, is becoming more common, and even
scientific studies on organ and tissue transplantation present living organ donors as
an alternative to long-term dialysis treatment [1].

In justification of transplantation procedures with organs obtained from living
donors, one has to be genuinely volunteer and to give informed consent under free
will. Saving an individual’s life and donating living organs can be a commendable
option. However, to make sure the utility reaches its aim, a balance must be main-
tained between the utility provided to the sick person and the cost that the person
taking an altruistic approach will pay. It should be essential to minimize the damage
and maximize the possible utility in organ transplantation practice.

Various ethical statements suggest that the individual should voluntarily donate
organs of their free will by giving informed consent, the donation should be exempt
from exploitation and pressure, the donor should have the freedom to withdraw from
the donation process at any time, and that the transplant team should make sure that
the donor’s decision to donate is voluntary and not manipulated. The correct defini-
tion of volunteering is an issue of practical importance. The answer to the question of
how donors’ volunteering should be properly assessed is far from a resolution today.
Although standards about informing donors and how to control the information
they understand have been developed (for example, the US Medicare Program), an
empirical assessment standard of whether the decision to donate is voluntary is not
developed enough to meet the relevant ethical norms [2]. One of the most important
studies on the topic is the one carried out by Al-Khader. This study aimed to develop
a scoring and rating system for assessing the volunteering of potential living donors
[3]. In light of, a scoring and grading model was proposed in our country too, to
determine the volunteering of living donors in kidney transplantation [1].

The assessment of potential donors’ willingness to volunteer for organ dona-
tion, which is basically a difficult process, handles issues, such as motivation to
donate, social status and family ties, economic status, relationship with the recipi-
ent, evidence of volunteering, and proof of a financial reward. Various ethical
guidelines on organ transplantation from living donors have been developed
around the world. One of the first ethical guidelines suggested is “Consensus
Statement on the Live Organ Donor” [4]. In the light of this guideline, other ethical
guidelines for the assessment of living donors have been developed [5].

When living donors want to donate organs, it is important to determine whether
they are really volunteers or whether they are subject to a relationship of interest or
control over their volunteering. It is an ethical and legal requirement for the donor
to donate of their free will and by fully volunteering. The creation of a measure-
ment tool on organ transplant volunteering is considered to be important in terms
of the value and non-instrumentalization of human beings.

Contrary to the expectations of transplant surgeons, the use of living donors in
countries, such as Turkey, Saudi Arabia, or South Korea is increasing every other
day, resulting in more transplants from living donors than cadavers [6].

Nowadays, with the acceptance of cross organ transplants and living organ
donations from non-relatives, the issue of volunteering and altruism of volunteers
has become much more important. Lack of a standard approach to these issues is
one of the biggest problem areas.
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Utility of organ transplantation is available to the recipient under all circum-
stances. Health business is a utilitarian business. For this reason, utility fits the basic
philosophy of healthcare very well. However, no matter how the individual’s actions
are conditioned to positive and beneficial results, negative and undesirable conse-
quences may accompany these beneficial results as well. In the context of doing no
harm, one of the main topics that need to be addressed is who or what is responsible
for the damage, if any, and the other is assessment of the damage. Undoubtedly,
balancing the benefit and harm is of particular importance for high-risk healthcare
providers.

2. Utility

Morality requires that we do not only avoid harming people and regard them as
autonomous but also contribute to the well-being of other people. This is expressed
under the title of “utility”. Apart from avoiding harming others, people should take
positive steps to help other people. The utility can be examined under the “positive
utility” heading, which refers to the action of the subject to provide some benefits to
others, and utility, which requires the subject to establish a balance between ben-
efits, risks, and costs to achieve the best overall results [7]. Regarding our subject, it
is necessary to talk about the utility and saving duty for the specific (i.e. for certain
people) rather than the general benefit.

General utility targets all persons regardless of special relationships. The utility
specific to persons emerging as a result of moral relationships, contracts, and spe-
cial ties usually applies to certain persons, such as our children, friends, parties to
the contract, or patients. Although the idea that we have an obligation to all people
is controversial, almost everyone agrees with the idea that we have an obligation to
act for the benefit of the people with whom we have special relationships [7].

Beauchamp and Childress argues that the “duty to save” requires an obligation to
provide a prima facie utility if all of the following conditions are met, even if close
moral relationships based on specific agreements or family and friendship ties are
excluded.

1.Person is at risk of serious loss or damage to his life, health, or other
fundamental interests.

2.The action of person X (alone or in the relevant chain of actions) is necessary
to prevent this loss or damage.

3.The action of person X (alone or in combination with other actions) will most
likely prevent this loss or damage.

4. Person X will not put himself/herself at any critical risk, cost, or burden by
performing this action.

5.The expected benefits for person Y outweigh the damage, cost, or burden that
person X may face [7].

In the light of these evaluations of Beauchamp and Childress, the 4th condition
constitutes the debate on whether living donors who have a special contract for
organ transplantation or have family and friendship ties have an obligatory saving
mission. If we do not consider a person’s donation of a kidney as “a critical risk,
cost, or burden”, then we put potential living donors under obligatory duty to save.
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Putting the living donor, who will only have moral gains, under the direct obliga-
tion of compulsory saving would be a point in contradiction with the concept of
volunteering. Also, another issue to discuss is which of the individuals who meet
these conditions and have a family, friend, or special contractual relationships with
the recipient will fulfill this obligation first.

It should be noted that the obligation to save is at the core of why living organ
donors mostly donate organs to their relatives (family, friends, relatives, etc.). Even
if the conditions stated by Beauchamp & Childress are met, it is a matter of debate
whether we have an obligation to save people we do not know, especially in terms
of organ transplantation. The fact that people hesitate to donate living organs to
patients they do not know can be shown as evidence of this matter. Expecting such a
sacrifice from the whole society will not go beyond pursuing a high ideal.

Balancing the duties of providing utility and doing no harm with the principles
of respect for autonomy and justice is accepted as essential [8]. This balance
requires the determination of the capacity and autonomy of living organ donors and
the careful examination of the stages that require their voluntary consent.

In this context, the volunteering of living donors who want to give a “new life”
to their family, friend, or someone they do not know as a living organ donor should
be determined well, and the special utility action of the person should be ethically
assessed within the concept of obligation to save.

The majority of scientists studying living organ donation ethics have reached a con-
sensus on the issue that giving a certain level of harm to competent volunteers to save
another person life requires that a valid consent for the donation is available, living
organ donation provides a general positive balance of harm and benefit that cannot be
achieved in a way that is less damaging to donors and recipients, and that the donation
does not lead to significant and long-term morbidity or mortality of the donor.

Altruism, which is also a piece of modesty, is the ability of a person to prefer
someone else’s purposes and desires over their own purposes and desires. Altruism,
which is the most important factor underlying the expression of volunteering, is
one of the basic principles of organ transplantation.

3. Altruism

Although there are partial similarities in the assessment of potential organ
donors, there are regional differences in how assessments are carried out. The
criteria explaining who is allowed to donate and who will be disqualified as a donor
also differ.

Family members who make an organ donation will benefit from a successful
organ transplant operation to their loved ones, which can be effective in the risk
and benefit discussion during the approval process. It may be necessary to limit
the sacrifice allowed. For example, while we do not accept a living heart donor for
obvious reasons, we know that most donors can live with a single kidney.

It is difficult to predict whether a particular organ donation is an altruistic act
because while most recipients benefit from the transplant, the recipient may be in a
worse condition if an organ is rejected or the operation fails. As an altruistic action/
practice is judged by the outcome, it is difficult to pre-operationally determine
whether any special donation proposal is acceptable. Altruism is one of the basic
principles of organ transplantation. In organ transplantation;

1. altruistic action must be an action that leads to an outcome,

2.the action should be directly linked to the aim,
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3.the action should aim at enhancing another person’s well-being or quality of
life,

4.if the person wants to take action for another person, the result of the action,
whether it is bad or it generates negative consequences in the long run, will not
decrease the altruistic nature of that action [9].

3.1 Definitions of altruism and altruism in the context of organ transplantation

Merriam-Webster dictionary defines altruism as unselfish respect and com-
mitment to the well-being of others [10]. The Contemporary Turkish Dictionary
of the Turkish Language Association defines the concept of altruism as “the
state of being altruistic, selflessness” The synonyms of altruist and altruism are
given as selfless and selflessness. According to the same dictionary, an altruist is
a person who tries to be useful to someone else without pursuing any personal
benefits [11].

The word altruism is derived from the word alter, which comes from Latin
meaning “other”. In the 1830s, Auguste Comte used this word as a general term
to mean “care for others”. While altruism often points out to sparing thought for
another, people can self-sacrifice due to environmental pressure while taking
an altruistic approach. While volunteering and personal preference come to the
fore in altruism, it may be possible for the person to act as a donor even if they
are not willing. If a person acts with completely altruistic motives, that is, if the
self-seeking motives are completely absent, we can define this action as a “pure”
state of altruism. We must be careful to distinguish purely altruistic behavior from
self-sacrificing behavior: the former does not pursue personal gains, while the latter
involves some loss. Altruism is the opposite of egoism. However, the person who
transcends egoism can be altruistic. A person, not who takes action in a situation
where their interests are not harmed at all, but who does what is necessary in a
situation that touches their own interests or who can do what should be done and
act fairly will be altruistic.

Sacrifice can be seen as a manifestation of individual autonomy. In this case, it is
necessary to accept a certain risk in advance. It is unavoidable that the operation to
be performed to remove the transplantable graft is risky even if the donor’ health
is excellent. The short-term mortality risk for living kidney donors is roughly the
same as the risk taken by any patient under general anesthesia. People take risks in
their daily lives, which are far greater than the risks often imposed by donor sur-
gery, with little or no direct benefit to their health. The risk of damage from kidney
donation is much less compared to the many risks we all face in daily life. Therefore,
if both the donor and the recipient are informed about the risks of the surgery, the
long-term outcomes of the donation, and the forecast of factors that may affect the
success of the transplant, the living organ donation will not push the limits of an
acceptable sacrifice.

Schopenhauer mentions denial of the will, silencing the ego, and transcending
egoism, which are essential for the existence of freedom, justice, and love in the
world and says that this can occur in two ways: by gaining knowledge of the suf-
fering of others or by the person’s own great suffering. Schopenhauer says that the
vast majority of those who deny the will achieve it in the latter way; not only by the
acquisition of knowledge but also by the experience of pain. According to Kant I,
the fact that action or the will at the basis of the action is determined by the self-love
of maxims makes that action unethical. Therefore, it would not be wrong to say that
morality and freedom can only be achieved when the person who determines the
actions does not have desires and tendencies [8].
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If a social behavior decreases the appropriateness of the organism performing
the behavior but increases the suitability of others, it is considered an altruistic
behavior. Although the concept of altruism was first introduced within the
discipline of sociology, today it is frequently used in fields, such as sociology,
psychology, theology, and education. Definitions of altruism handled in different
perspectives and different disciplines naturally vary, too. In almost all disciplines,
altruism is not understood as showing helping behavior without an expectation of
personal reward or benefit. Should altruism be understood as the individual’s con-
sideration of well-being of others as much as his/her own or as seeing the well-being
of others above his/her own? If a person sees others’ well-being over/before his/her
own, he/she will be seen to be sacrificing for others without expecting a response.
When altruistic behavior is shown with the expectation of gaining benefit from the
person sacrificing, this situation may sometimes appear in the form of cooperation
or showing off.

Since the altruism in question here is realized with the expectation of self-
interest, this situation is based on mutual altruism, and it can be said that altruism
is a kind of strategy that aims to gain respect in society. Gaining public reputation
and the desire to benefit from the new opportunities that society offers to them can
also support this type of behavior. The person who acts altruistically in the latter
form of altruistic behavior, which is based on volunteering without any expecta-
tion of benefit, and where the motivation to live for others is dominant, does not
seek reward, and deterrent effects do not influence him/her in any way. It should
not be forgotten that in the domain between these two views regarding altruism, a
spiritual gain to be obtained from the person who has sacrificed will be dominant.
It is in this domain that one’s moral gains in return for altruistic behavior are called
theological and moral altruism [12].

The most important factor that distinguishes altruism from other purposive
behaviors such as “helping” and “obeying social rules” is that the altruist sacrifices
something from themselves and takes on a burden depending on their behaviors.
This burden distinguishes altruistic behavior from individual behavior, such as
“benevolent” or “kind, manners”. The behavior of the altruist, which emerges in
social life and is “for the benefit of someone else but brings harm to themselves”,
varies by the conditions, the cause that leads to the behavior, and the behavior
process. For this reason, the concept of altruism also swings between Kropotkin’s
understanding of absolute altruism [13] and mutual altruism approaches based on
expectations.

Pro-social behaviors include behaviors that may be for the benefit of another
person or a group, which are shown without being under pressure and voluntarily.
Bierhoff [14] distinguishes helping behavior, pro-social behavior, and altruistic
behavior as follows. Helping is a broad term covering all types of interpersonal
support. Pro-social behavior is a rather narrower concept than helping because the
action is intended to improve the status of the recipient, and the recipient is not an
institution but a person. Altruism, on the other hand, is pro-social behavior, which
means that with an additional restriction, the motivation of the person who helps is
determined by perspective acquisition and empathy.

The proportion of healthy adults who are potentially able to donate kidneys is
greater than the number of deaths under conditions that comply with a donation.
The number of people willing to donate instead is limited. It is not surprising that
a healthy person may be reluctant to undergo surgery without clinical benefit,
and some donors in most countries donate to family or close friends. Some factors
affecting this situation, such as the number of people waiting for transplantation
and the benefits of organ donation, can be presented through various channels, and
this can highlight the person in terms of donation. Some organ donation campaigns
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have featured individual ‘case studies, which are sometimes called ‘stories of hope’
that tell the story of people awaiting a transplant and describing their situation
and highlight the benefits a transplant can provide. The use of case studies aims to
motivate and address people to take action to help others and create empathy by
making the human impact of organ deficiency clearer.

The empathic-altruism hypothesis, widely described and proven in the psycho-
logical literature, suggests that empathic anxiety for another can lead to altruistic
motivation to improve the well-being of the other [15].

Traditionally, altruism refers to a situation where one takes action for the benefit
of another even when self-sacrifice is required. Therefore, altruism shows up with
actions since goodwill and good thoughts are alone not enough. One goal of this
action should include helping another person. If the well-being of the other person
is an unintentional or secondary result of an action that one takes to improve one’s
own well-being, this action is not altruistic. Altruism does not change according to
circumstances. Considering these characteristics, altruistic people are those who
have a feeling of caring/considering other people.

There is no widely accepted classification of the types of altruism; however, two
types of altruism, normative and hedonistic, are mentioned in some studies. While
normative altruism can emerge through moral intuition, non-moral social rules,
or logic, hedonistic altruism emphasizes that the individual finds a value in their
perception of the situation where other individuals’ distress decreases, they are
better off, or they are happier [16].

Ethical altruism is based on the principle that altruism is a virtue, even an
obligation. Some might argue that people are always generous and altruistic. This
view may apply to a sole advocate of ethical altruism. At this point, the person
expressing opinion actually advocates psychological altruism. It is worth noting
the consequences of pure altruism-related behaviors based on the fact that every-
one accepts the assumption of desiring very little for themselves and very much for
others by one’s voluntary sacrifice of their own pleasure to give pleasure to others.
All those who behave in this way should not have thoughts for themselves as the
giver, nor for others as the recipient, when considered not only as the waiver but as
the acceptor of what has been renounced. A sense of compassion that is worrisome
for others, willingly self-victimizing to benefit others, cannot be achieved without
thinking that those who victimize themselves by giving something to others expect
a benefit from it [17].

Moral altruism is based on rewarding the altruistic and punishing those who
are not altruistic [18].

Kin altruism is defined as the situation where an individual jeopardizes their
own safety to increase the survival chance of other people with genetic or blood ties
in the same family [19].

Generally, the living donor is an adult family member whose first-degree relative
has terminal stage renal disease. Their experience provides them with insight into
the challenges of kidney disease and transplantation. Individuals, motivated by
altruism when they choose to donate kidneys after thinking for a long time about
risks and benefits, can be emotionally unsettled, and even if they believe they are
acting with a desire to help, their ability to act autonomously and without coercion
may be endangered.

When the priority of the family concerning organ donation is considered in the
blood tie theory, the emergence of altruistic behavior is explained by kin relation-
ships. The individual behaves more altruistically towards their close relatives who
carry the same genes, such as mother vs. child, and siblings vs. siblings, compared
to other individuals. As the blood ties decrease, the desire to tolerate harm for altru-
istic behavior or the likelihood of the emergence of altruistic behavior decreases.
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The reason for this is that human beings have gone through a psychological evolu-
tion process in a way that motivates them to spare even their lives in order for their
own genes to be permanent. Thus, a person who has close relations to an altruistic
individual can survive through the behavior of this altruistic relative.

Partial altruism, which means the individual shares their assets with others,
also constitutes an example of altruism approaches, especially in organ transplanta-
tion. While doing a favor to others, the person may have sometimes thought of
obtaining financial gains from this behavior.

Living donors without a genetic link are increasingly used worldwide, and
various approaches support the application. Donors who are not genetically linked
to the recipient and who are emotionally connected to the patient and motivated
by a desire to help, without an expectation of any material gains can be examples
of partial altruism. Many psychological studies show people behave more altruisti-
cally towards their friends who have strong emotional bonds with compared to
others even though they have no kin relationship. In a meta-analysis investigat-
ing factors related to organ donation [20], it was found that education, religion,
knowledge, attitude, social influence, altruism, and family positively affected
organ donation and that fear of death and the fear of organ donation negatively
impacted it.

Pro-social behavior has been suggested by some social scientists as the opposite
of anti-social behavior and has been defined as a behavior done with autonomous
and free will that benefits others. According to Batson, there are two types of pro-
social behavior: egocentric and other-centered. In egocentric pro-social behavior,
the person expects to be rewarded or escape from any negativity for the positive
behavior to another, while in other-centered pro-social behavior, the only goal of
the person is to be helpful to the person to whom the positive behavior is directed,
and there is no personal expectation in return for this behavior [21]. While this
type of behavior is specified as altruistic behavior, one of the best examples of this
is organ donation after death. A person cannot benefit from donating their organs
after death.

In a study on the phenomenon of altruistic behavior, titled “An investigation on
epistemological problems”, Yesilkaya approaches the subject with a three-color clas-
sification. The view claiming that altruism is based on the expectation of gaining a
benefit from the person or the community that receives the sacrifice is character-
ized by the “black” metaphor, and the view claiming that this kind of sacrifice is
made without expecting any return from any source is characterized by the “white”
metaphor. However, when the research on this subject is examined, a third, “gray”,
understanding, which makes the epistemological blurriness that already exists more
thought-provoking, stands out. The study points out that this hybrid approach,
which makes the subject relatively more complicated, differs completely from the
“black” view in terms of from whom or where to expect the return of altruistic
behavior, but reveals clearer boundaries than the “white” view. As a matter of fact,
although this understanding accepts that altruistic behavior is realized with an
expectation, it is seen that the addressee of this expectation is based on the under-
standing that it is not the person or the community that receives the sacrifice but
a completely different motivator and a different source of power. In other words,
according to the “gray” view, it is accepted that there is an expectation that moti-
vates the individual to act altruistically as in the “black” view, and it is essential not
to expect a return from the person who is the subject of the sacrifice as emphasized
by the “white” view. That is, the person acts voluntarily [22].

Some critical points can be mentioned when talking about altruism. Some studies
have shown that personality is not effective in attitudes towards organ donation, but
altruistic nature affects attitudes towards it [23].
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People who volunteer to be a living donor with a completely altruistic attitude,
without expecting anything in return, make a great sacrifice. Whether the approach
of donors is really altruistic in organ transplantation requires a good ethical
evaluation.

3.2 Components of altruism

Cognitive framework and processing, religious beliefs and expectations,
worldview, empathy, and self-perception determine the altruistic approach. The
meaning conveyed by a statement can be defined as the cognitive meaning as the
type of meaning that stands directly opposite to the emotional meaning that reveals
people’s feelings and emotional responses. In the cognitive framework and process-
ing, the process involving the knowing activity with intellectual knowledge refers to
activities, such as thinking, grasping, and reasoning and mental behaviors, such as
symbolization, belief, and problem-solving [24].

Religious assessment is an assessment of depth, sophistication, and holiness.
Religion is a matter of hearing certain things, believing in them, and engaging in
certain voluntary activities according to them.

When studies conducted with living donors are examined, it is stated that
religious beliefs cause a strong motivation in the donation of kidneys in relatives
and non-relative donors. The donation decision of the donor must be examined in
detail. Minimal risk to the donor and maximal benefit to the recipient should be
the primary objective. The weight of religious elements in the altruistic approach
should also be determined.

World view: It is the body of beliefs, thoughts, and attitudes of an individual or
a group of people about humanity, future, or similar matters. The most powerful
element for donors has been identified as “helping others” Whether the recipient is
a relative or not, the donor believes that there will be an increase in self-respect by
donating organs.

However, those who accept the help, that is, organ recipients, may feel guilty
and indebted. They do not want their donors to be harmed. Feeling guilty about
what we do or do not do, say or do not say is another way of wasting time
unnecessarily [1].

Patients in need of kidney transplantation experience a long and troublesome
process. It seems that most of the donors have witnessed this process. For most
donors, not being a donor in this shared life would be ‘heartbreaking’ for the
recipient.

Besides, the fact that the dialysis process reaches an intolerable position and the
reflection of this in words motivates the donor to apply to a transplant center as
quickly as possible.

Taking the altruistic approach as a basis in organ donation; for example, the
kidney may have been reserved for

1.aloved one or a relative within the scope of direct donation,

2.anyone on the general waiting list, or

3.arecipient that has already been qualified.

The donors’ actions can be based on individual autonomy and an altruistic
approach. Undoubtedly, regarding the decision expressed, in addition to the

freedom and decision-making competence expressed by Beauchamp and Childress,
the interviews about the choice in terms of the donor, as emphasized by Appelbaum
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and Grisso, the information provided, awareness of the current situation, and
the information given should be reviewed and the deficiencies - if any - must be
completed [1].

4. Volunteering

The word ‘voluntary’ comes from the Old French word ‘voluntaire’, which was
derived from ‘voluntarius’, whose Latin root is ‘voluntas’ The root of the word
‘voluntary’ is ‘voluntas), meaning ‘will’ in Latin, which means that the individual
undertakes a task with their own will and wish. On the other hand, as the Oxford
English Dictionary states, what is ‘voluntary’ is a phenomenon that is ‘not restricted
or reminded or suggested by someone else’s assistance’. “Volunteer’ is also used for
‘deliberate action’ and when it is used for gifts, it means giving freely or spontane-
ously to another person [25].

Volunteer in the current Turkish Dictionary of the Turkish Language
Association is defined as “a person who willingly undertakes to do a job without
any obligation” In the context of consent, “volunteering” refers to the right of a
person to make personal decisions independent of the influence of any internal
and external factors. In the Dictionary of Bioethics Terms, volunteering is defined
as the situation of a person who decides to do a job with their free will and does it
without waiting for anything in return. In volunteering, there should not be any
force, obligation, or pressure that drives a person. Respect for individual autonomy
is the basis of volunteering. Volunteering is considered an ethical basis in medicine,
especially in organ transplantation [8]. Ethically, volunteering is one of the basic
elements of informed consent. The “volunteer person” must have the characteris-
tics of the person authorized to give informed consent (sound mind) defined by
law. Volunteering should be analyzed in the presence of appropriate and adequate
information and the absence of psychological coercion and external pressure. From
this point of view, we see that the conditions related to volunteering are in parallel
with the conditions required for autonomous action [1]. Not only do medical or
psychosocial factors play a role in the selection process by living donors, but every
medical professional, lawyer or ethicist agrees that the decision to donate must be
voluntary and informed. However, proving the determination of volunteering is not
always easy; it requires intense effort. For the consent to be meaningful, the process
must also be carried out in a meaningful way. In other words, consent must be
voluntary. This is not a surprising statement and everyone agrees that volunteering
is important. However, it should not be forgotten that volunteering is a concept that
can be quickly overlooked and create a dangerous situation in the daily practice of
medicine.

Although organ donations from living donors are commendable, it should not
be forgotten that they are considered voluntary. For living donors to make sure they
do not make inappropriate decisions within their own values and views on self-
sacrifice, risk, or similar topics, transplant teams need to present the criteria they
use to select living donors to the community. For policies and practices supporting
living donations to be morally acceptable, they should not turn into a means of
influence or pressure [7]. In this sense, the concept of volunteering or the opposite,
reluctance, is important.

In the evaluation of whether a person is a volunteer for organ donation, there
are signs that appear not only in words but also in behaviors and give us clues in
determining volunteering; for example, the donor comes for the tests alone, tries to
learn the results, does not lean his head forward when the organ donation decision
is made, or insists on being a donor, etc. [26]. But what exactly is volunteering?
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Stating that the action of a voluntary person is the product of the will of the
person acting in the light of the concepts of knowledge, freedom, and volunteer-
ing, Babor divides volunteering into thirteen types or degrees. In terms of organ
transplantation, it is necessary to examine perfect/imperfect, direct/indirect, and
positive/negative volunteering concepts. Perfect volunteering is defined as an action
taken with full knowledge and consent. Imperfect volunteering is the opposite of
this concept, and there are flaws in both knowledge and consent. Direct volun-
teering expresses a voluntary action that is desired as an end in itself. In indirect
volunteering, on the other hand, the action is not an end in itself but is desired as an
anticipated result or sequence of action. Positive volunteering mentions the volun-
teering present in performing an action, while in negative volunteering, the person
avoids the action [27]. For the person’s action to be considered voluntary in organ
donation, it should be an action that includes all characteristics of perfect, direct,
and positive volunteering.

In an ethical guide prepared for the assessment of living organ donors, the
evaluation of whether the person is a volunteer or not is checked from 10 different
angles. The guide addresses issues, such as potential donor’s psycho-social status,
financial status, relationship with the transplant candidate, the reason for donation,
the conditions under which the decision has been made and by whom the potential
donor is asked to donate, the convenience of the potential donor to refuse the dona-
tion request, the comfort of the potential donor near other family members, proof
of material reward for the donation, willingness and motivation of the potential
donor, and the imbalance of power between the potential living donor and the
recipient [28].

The concept of volunteering may be affected by some positive and negative
factors. In this sense, it is useful to look at these factors.

4.1 Positive and negative factors affecting volunteering

The “gift” that the recipient receives from the donor free of charge, which has no
physical or symbolic equivalent by nature, is so extraordinary that as a result, the
donor, recipient, and their families may find themselves in a mutual creditor-debtor
spiral. Such a situation also describes the importance of volunteering in organ
donation. It is essential for the organ donor to donate in full volunteering and to be
completely free from negative factors. Also, informed consent for organ transplan-
tation requires sufficient information sharing for both the patient and the organ
and tissue donor and communication that is free from coercion and threat, does not
involve persuasion, and does not aim to manipulate the decision.

It is clear that there is a non-altruistic motivation if the person requests a reward
for a donation. However, the fact that such a demand has accompanying elements
does not mean that the donation is motivated by altruism and that it involves an
altruistic approach. One of the three pillars of autonomy is that the individual is far
from influences that control them. In other words, for the action to be autonomous,
the person should not be in a situation that prevents their self-management either
by internal or external forces. However, not all effects on the person by others are
controlling. In this section, controlling concepts will be discussed.

Evaluating the determinants of attitudes towards organ removal from the dead,
willingness to donate, and donor behavior in a systematic review of 33 published
studies, Wakefield et al. emphasizes that individuals’ attitudes towards donation are
complex due to differences in social norms, existing laws, and interactions between
beliefs and individual factors in each country [29].

However, apart from these regional and personal differences, there are factors
that affect donation positively and negatively. A study shows that the team, which
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will talk to the family of the deceased during the donation process, should reassure
the family with their linguistic and cognitive abilities and show their emotions,
which has a significant effect on whether the family is a donor [30].

Although organ donation is apparently supported by society, the level of organ
donation is very low. Psychological factors that affect the person’s decisions to
become a donor also play a role in this complexity. They have also led to the need to
understand how people predict or inhibit the desire to become organ donors. In a
study conducted by Morgan et al., it has been shown that the perceived benefits of
organ donation play an effective role in the decision-making process [31]. The vol-
unteer choices of potential donors (e.g., women in strong patriarchal cultures) who
do not understand that they are an autonomous moral person, act as expected, and
never dare to reject are undermined by persuasion, encouragement, and pressure.

In determining whether an action is autonomous, the two most important
conditions require that the person fully understands the issue and is not under
control. There is a gradual transition from total freedom to total control for the
status of both understanding and being free of controlling influences. This transi-
tion involves the scales that reveal the “autonomous actions” and “non-autonomous
actions” domains. By considering these domains and thresholds for specific pur-
poses, the boundary between “autonomous enough” and “not autonomous enough”
can be carefully determined [7]. There are some factors, such as requests, family, or
legal obligations, in making personal decisions. But there are also some factors other
than these factors that will directly affect the person’s ability to act autonomously.
All of these factors are detrimental to the autonomy of the person and aim at taking
the person under control.

Informed consent is the most important issue in ensuring the autonomy of
the person. Instead of reading standard forms, each individual’s unique needs for
information should be taken into account with a “customized” approach. It would
not be wrong to state that the dignity and value of the human being, the principle of
autonomy, and legal aspects of organ transplantation should be addressed for each
person in the informed consent form [32].

Concepts such as sacrifice, compassion, interest, renunciation, loyalty, reli-
ability, concern, respect and justice, empathy, and emotional ties are among the
positive factors that affect volunteering. Besides, the altruistic nature of the person
is an important issue that requires research on its own among positive factors.

Volunteering is essential for autonomous action. External control over an
individual’s actions weakens the voluntary nature of the actions. Such effects can be
grouped under three main categories, namely, persuasion, coercion, and manipu-
lation. If we detail these concepts, we can better evaluate the negative factors
affecting volunteering.

4.1.1 Persuasion

Persuasion is the effort or process of encouraging people to change their current
beliefs, values, or attitudes, or to gain new ones. This extremely complex process
may be based on rational discussions or messages or it may include a method that
addresses irrational desires or needs [33]. The process of persuasion is typically
analyzed in terms of who said what, how, and with what effect, and expresses
whether any attitude changes have occurred [34]. Valapour explains persuasion as
influencing by using reasoning and states that when the person is persuaded, they
freely accept the effect; therefore, they think it is an ethically acceptable action and
that it does not undermine the voluntary nature of the person and they regard it
as compatible with autonomous actions [35]. Hangerlioglu handles the concept of
persuasion under the heading of “deceiving” and defines it as “making something
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accepted with mental evidence or making someone believe” [36]. However, it is
seen that the meaning of the concept of “volunteering” has not been fully under-
stood. There are also studies showing that people’s attitudes towards organ donation
can be changed with persuasion and manipulation techniques [37].

Persuasion arises as a result of the reasoning offered to a person to believe
something is worth believing. Inviting people to be reasonable and addressing
people’s feelings are different situations [7]. In summary, persuasion is the process
of making a person believe something that they did not believe at the outset.

4.1.2 Pressure /threat/force/coercion

Hangcerlioglu states that pressure leads to a situation that prevents free develop-
ment naturally and socially and that it prevents free behavior [36]. Budak defines
pressure as forcing the person to act one way or another and as excessive or stress-
causing expectations from the person and states that what is felt as pressure changes
depending on the person or education level [33].

Coercion exists when a person poses a credible and serious threat of harm or
coercion in an attempt to control another person. Whether the pressure will occur
or not depends on how the target person will receive this threat, and this response
varies from person to person. Coercion occurs when the perpetrator behind a per-
son’s actions is not their own free will and their conscious behavior about areas in
which they are knowledgeable ceases to be autonomous when they receive a credible
threat [7]. It is the pressure that causes a person to act contrary to their will under
athreat of harm. The threat of harm is an essential component of the concept of
coercion, and a forced action reflects someone else’s choices, not one’s own choices,
as it is based on a credible threat. Therefore, decisions made under coercion and
actions carried out are not autonomous.

Following the coercion, the person makes their own decision. Therefore,
although it is said that this, in a sense, is an autonomous choice and should be stated
as a voluntary act, this kind of volunteering is volunteering that is not perfect,
indirect, and negative. Therefore, as mentioned at the beginning, it is not a desired
situation for organ donation. In terms of organ donation, the decision to be made
after coercion, pressure or threat is not an autonomous and consensual choice.

Coercion entails a real, convincing, and intended threat that pushes a person into
unwanted action and pushes his autonomy out of self-control. In this sense, threat
involves applying force to a person to do something or to restrict their freedom. In
principle, threat requires a genuine, reliable, intended, and willing orientation [26]. In
these concepts, which we generally express, there is a use of physical or psychological
force against the autonomy of the person. The plan of bringing the person to the level
to do the desired thing lies at the heart of applying pressure, threat, force, and coercion.

Studies on the psychosocial effect of living kidney donation indicate that many
living donors believe that the decision to donate is not a real choice and that they feel
compelled to donate [38, 39]. In a similar study conducted in the USA, 40% of the
donors who donated living organs between 2002 and 2005 reported that they felt some
pressure to donate [40]. Understanding volunteer donation only as the absence of
coercion will indicate a narrow meaning as it does not cover more sophisticated inter-
ventions such as persuasion and manipulation. In this sense, it is necessary to examine
the concept of manipulation among the negative factors that affect volunteering.

4.1.3 Manipulation

The concept of manipulation increasingly plays a central role in debates about
free will and moral responsibility. Manipulation is essentially the orientation of
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the person to do what the manipulator wants by means other than persuasion or
coercion. In this sense, manipulation encompasses some forms of influence that are
neither persuasion nor coercion/threat/force. The most likely type of manipulation
in healthcare is informational. It is the presentation of information in such a way
that the person is directed to do what the manipulator wants by understanding

the situation differently. In this sense, informational manipulation is also against
autonomy. Hiding certain information, telling lies, or exaggerating the meaning or
importance of certain information to make people believe in unfounded things are
the kinds of actions that can harm autonomous choices.

Manipulation is the deliberate and successful influence on the available choices
one can make, either by non-coercively altering or by changing one’s perception
of those choices. “Being manipulated” is subjective in nature and depends on the
person’s reaction [35]. If the living donor accepts surgical intervention because
of its benefits, they must also accept the possible risks. This is not a manipulative
situation [26].

It is a fact that some living organ donors are also manipulated with financial sup-
port. Besides, due to the paternalistic approach of the physician to their recipient
patient, they may attempt to manipulate the living donor candidate to affect their
willingness. The assessment of the living donor candidate by a different transplant
team is necessary so that the manipulation that may occur can be evaluated.

5. Conclusion

Organ transplantation is not an issue limited to health. It is also a field of both
law and ethics as a medical practice surrounded by social, cultural and value prob-
lems which have challenging solution. The applicability of every medical practice
in the clinic is within the limits determined by the law, and there are laws that vary
by countries regarding organ transplantation. The fact that concepts such as human
rights, right to health, human value, bodily integrity, and quality of life are pre-
dominantly handled within philosophy is also a guide in the preparation of existing
legal texts. One of the main points that everyone agrees on is the value of life and
that it is an inalienable personality right. The right to life is defined as the existence
of a healthy and complete body and the ability to continue lives by protecting them
against potential threats and dangers. The right to life is also directly linked to
human dignity. While the material aspect of the right to life is expressed with the
content of protecting the bodily integrity of the person and not being exposed to
bad behavior, living under humane living conditions also emphasizes the spiritual
aspect of the right in question. Debates about organ transplantation arise between
the right to life and the right to determine one’s own future. For example, obtaining
a kidney from a potential donor is very important in saving the life of the terminal
kidney patient who will die. Without harming the bodily functions, the living donor
will use their ethical right to give up their organ that is valuable for them but can
also be lived without. In this context, medical evaluations of the donor and the
recipient alone will not be enough. It is also necessary to examine how altruistic
behavior leads to volunteerism. For people to live a good life they have determined
for themselves, they must not interfere with the autonomy of others. Especially,
it is necessary to evaluate carefully whether the living donors in the family donate
with a mission to save or because they are really volunteers. Saving lives can be a
commendable option when one can be sure of the willingness of living donors. If
we accept that voluntary donation is a moral and legal requirement, the issues of
persuasion, coercion, force, lack of financial incentives, and manipulation and
non-instrumentalization of individuals need to be addressed in a more systematic
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and detailed manner. The scales to be used to determine the volunteering in organ
transplantation will contribute to the informed consent processes of health profes-

sionals, as well as basing the right to determine one’s own future and right to life on
the self-worth of the individual.
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Chapter 8

Future Prospects of Organ
Transplantation

Mehmet Nur Altinors

Abstract

The gap between organ demand and supply is an universal problem in organ and
tissue transplantation therapy. The gap is growing in spite of efforts spent in medi-
cal, educational, social areas and mass media support. This reality has created the
need for completely new therapeutic alternatives for the management of end-stage
organ disease. The present research should continue in future aiming to discover
systems and devices capable of totally replacing the traditional transplantation. On
the other hand, a different progress in underway in transplantation. The indication
for solid organ transplantation is to save life and promote quality of life. The new
developing transplantations of composite tissue, uterus and face are performed
with completely different indications. Facial defects caused by various insults cause
serious functional and esthetic disorders, psychological and social problems. Facial
transplant surgery is accomplished to overcome such problems. Uterus transplanta-
tion is emerging as an alternative to female infertility. Transplantation of composite
tissue includes different organs. The main purpose of composite tissue transplanta-
tion is to restore reduced or completely lost functions and to increase the quality of
life. Nerve regeneration must occur as a consequence of transplant to regain sensory
and motor functions. It appears that the future of transplantation involves devel-
opments in two main streams; invention of completely new tools for solid organ
transplantation and advances in the transplantation of different organs including
uterus, face and composite tissue.

Keywords: composite tissue, facial, solid organ, transplantation, uterus

1. Introduction

The idea of replacing a malfunctioning diseased organ by the same organ dates
back to antiquity, but major inventions and successful practice of transplanting
solid organs have occurred in the second half of the 20th century. Pioneering work
in human-to-human organ transplantation started in the 1950’ and in following
decade. Since then, improvements in surgical techniques, better postoperative
management in the intensive care units, the introduction of brain death concept
and its beneficial effect of enlarging the donor pool, a better understanding of
the natural course of the various diseases leading to organ failure, new immu-
nosuppressive agents have all contributed to transplantation activities. Today
organ transplantation is a definitive treatment for an end-stage disease with low
morbidity and mortality rates. Efforts directed to the education of medical staff
and the general public, controlled system of financial payment for the living
donor, similarly gifting to deceased donor’s family, extending the donor criteria,
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acceptance of paired organ donation, organ donation campaigns and media
support are among the other measures to promote transplantation.

2. Discussion

Organ transplantation is a definitive and curative treatment for end-stage
organ disease. The preferred source of organs is from the deceased. Particularly
in developing countries, organ harvesting is more from living donors. Although
the morbidity and mortality rates for living donors are extremely low, completely
healthy individuals are exposed to medical, surgical, psychological and sometimes
to economic risks.

While organ transplantation will continue to be the definitive treatment for
the present and foreseen future, the statistical evidence revealing the gap between
demand and supply and the experience of the global medical community has clearly
shown that even the centers with best figures of organ supply are far from meeting
the growing need. Therefore the scientific world has arrived at a point to think and
search for alternative solutions and different therapeutic modalities for end-stage
organ diseases. An overview of the present state of organ transplantation suggests
that future interest and work will be focused on three major points:

a.increasing the frequency, safety and outcome of traditional transplantation
activities. This would cover research to discover ways of expanding donor pool,
especially cadaveric, and innovative work for longer and safer preservation
of harvested organs and methods that would help to obtain better graft and
survival rates. Weissenbacher and associates have reported the beneficial effects
of ex-vivo/ex-situ hypothermic and normothermic machine perfusion in the
transplantation of liver, kidney, intestine and pancreas. The beneficial effects
include viability, organ utilization and improved initial graft function. The
authors have considered the potential role of normothermic regional perfusion
to re-condition donors after circulatory death organs before retrieval. Machine
perfusion presents superiority over the traditional cold preservation method.
Since organ preservation is an essential aspect of the transplantation process,
these developments provide hope for better organ quality and longer viability [1].

In solid-organ transplant, cell therapy is used as an immunomodulation therapy
or as a functioning graft. The beneficial effects of cell therapy in solid-organ trans-
plantation are long-term kidney allograft survival and avoiding the well-known
adverse effects of immunosuppressive drugs. Cell-based therapy in solid organ
transplant is indicated for the treatment of ischemic reperfusion injury, for the
prevention of chronic allograft nephropathy and induction of long-term allograft
tolerance. Immunoregulatory cells act when it is necessary for immune suppression
and there are several mechanisms by many pharmacologic targets [2].

b.developments in relatively new, emerging transplantations including the
uterus, face and composite tissue. Such transplantations are expected to be
performed with increasing frequency.

c. the ultimate goal of producing completely new devices or bioartificial organs
which eventually would replace organ transplantation and maintain immu-
nosuppressive free life. Nowadays may be considered as the transition period
where devices can at least partially take over the functions of the failing organ
and bridge patients to transplantation.
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3. Xenotransplantation

Xenotransplantation, not a new concept in this field, is a controversial issue.
Xenotransplantation which means transplantation of an organ, tissue, or cells
between two different species, has regained attention because of advantages such
as rich source, the chance of planned, and multiple transplantations. The main
disadvantages are the possibility of animal disease transmission, immunologic, and
physiologic differences.

In the sixteenth- century animal blood has been transferred to humans. Skin,
corneal and blood vessel xenotransplantations were the early attempts. The kidney
was the first solid organ of xenotransplantation. Dr. Keith Reemtsma, working at
Tulane University, performed 13 xenotransplants in the 1960’ using both chimpan-
zee kidneys on each surgery. Only one patient survived for nine months while the
rest died within 4 to 8 weeks due to either infection or rejection. Dr. Thomas Starzl
performed the first liver xenotransplant using baboons as donors [3].

In October 1984, orthotopic cardiac xenotransplantation on “ Baby Fae” was
performed by Dr. Leonard Bailey and his co-workers. The recipient was a 12-day
neonate harboring hypoplastic left heart syndrome. The donor was an immuno-
logically-selected baboon. The baby died on the 20th postoperative day. Neither
humoral nor cellular rejection of the xenograft was noted [4].

Galactosyl-a-1-3, galactose [GAL] is the most important antigen in xenotrans-
plantation. GAL is expressed in most cells of all mammals except humans, including
porcine. GAL is found in intestinal bacteria, and there are antibodies against GAL in
humans. Antibodies to nonGAL antigens are still a problem. The primary methods
to prevent hyperacute rejection are the elimination of antibodies by plasmapheresis
and immunoadsorption and depletion or inhibition of complements [5].

In the last 30 years, researchers have determined that the pig is the most suitable
animal for xenotransplantation. The reasons for this are short maturation time, the
human similarity in size and physiological aspects, and low risk of animal disease
transmission. Genetically modified pigs have been developed to overcome the
molecular incompatibility between species. Another important step is the devel-
opment of “knockout” pigs lacking the 1,3 galactosyl transferase gene encoding
enzymes responsible for immunologic expression. Genetic engineering techniques
can be easily applied to create rejection-resistant pig organs [6].

Knockout pigs have contributed to prolonged survival particularly in heart and
kidney transplantation. Survival of pig-to-nonhuman primate heterotopic heart,
kidney, and islet xenotransplantation over 900 days, over 400 days, and over
600 days respectively has been reported [7]. Bioartificial organs that contain pig
cells or tissues have gained considerable clinical experience and the risks have been
reduced [8]. For the time being, the indications of xenografting seem unclear but
should be kept aside for exceptional cases.

4. Rare organ transplants
4.1 Composite tissue transplantation

When body structures composed of multiple tissues derived from ectoderm and
endoderm is transplanted then the procedure is named composite tissue allotrans-
plantation. Such transplants are also known as “ vascular composite allografts”.

The concept of composite tissue transplantation includes hand, face, larynx, joint,
abdominal wall transplantations. This type of transplant has a life-changing nature,
as the main goal is to restore reduced or completely lost functions and to increase
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the quality of life. Unlike solid organ transplants, nerve regeneration must occur in
the transplant to restore sensory and motor functions.

The first hand transplant was tried in Ecuador in 1964 with failure. The failure
was believed to be associated with inadequate immunosuppression [9]. Dubernard
and his coworkers transplanted the right distal forearm and hand from a deceased
donor to a 48- year- old male patient who had had a traumatic amputation of
the distal third of his right forearm. Motor and sensory recovery were evaluated
as excellent six months postoperatively and no serious signs of rejection were
observed [10].

The same group performed surgical intervention involving bone fixation,
arterial and venous anastomosis, nerve suturing, tendon, and muscle joining in a
33-year old, bilateral forearm amputated patient. They applied physical therapy,
electrostimulation, and occupational therapy in the postoperative period. In the
postoperative 15th month, they observed satisfactory sensory and motor improve-
ment as well as improvement in the quality of life. This procedure was the first
human double-hand transplantation with satisfactory results [11]. It is generally
believed that bilateral below-elbow amputation is the most accepted indication for
hand transplantation.

In a study comparing the functional and psychosocial outcomes of hand
transplantation and prosthesis options, upper extremity functions were globally
evaluated with ARAT [Action Research Arm Test] and SHAP [Southampton Hand
Assessment Procedure]. The study revealed that functional results are not signifi-
cantly different. The advantages of transplantation are that it provides sensory
and self-perception in addition to providing motor activity. Complications due to
immunosuppression pose a disadvantage in transplantation. However, if immu-
nosuppression is well tolerated, regeneration of an organ with its like is naturally
an advantage. In bilateral below-elbow amputees, it is understood that the benefit
is greater when the acquisition of motor and sensory functions is compared with
the risks of immunosuppression. Unilateral amputees can compensate for many
functional deficits by using healthy limbs and prostheses. Also, In addition, there
is no need for a long-term rehabilitation program after prosthesis implantation, as
in transplantation. For these reasons, the prosthesis option is a priority in patients
with unilateral below-elbow amputees [12].

4.2 Facial transplant

Facial defects caused by congenital malformations, gunshot injuries, animal
bites, burns, traumas, or tumors such as neurofibromatosis cause serious functional
and esthetic disorders, psychological and social problems. Basic requirements for
a successful face transplant are craniofacial and microsurgical techniques, triple
immunosuppression therapy, intensive physical therapy, and psychological sup-
port initiated in the early postoperative period for functions such as smelling,
eating, drinking, laughing and speaking. In surgery, maxillary and facial branches
of the external carotid artery are used for arterial anastomoses. Facial, external
jugular and thyrolingofacial veins are preferred for venous anastomoses. Vascular
anastomoses are followed by nerve anastomoses. The most problematic aspects of
surgery are prolonged anesthesia, excessive blood loss, and transfusions to replace
this loss, complex vascular anatomy due to trauma and changes related to previous
reconstructive surgeries [13].

Since the surgical experience with facial transplantation is limited, there are
no algorithms on long-term results, late complications and their management.

In a study conducted to clarify these issues and to get the opinions of physicians
experienced in face transplantation, the training of the recipient, how to define the
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failure in facial transplant, approach to complications and their management were
investigated. Approximately 30% of those who received a survey responded. While
93.8% of the participants stated that facial transplant failure, 91.1% mortality, and
78.8% chronic organ rejection are the points that should be discussed, the answers
revealed that there is no consensus about the definition of mortality rates and facial
transplantation. Also, it has been observed that even in centers with experience in
facial transplantation, there are no protocols for the treatment of rejection in the
chronic period [14].

The first partial facial transplant was performed in Amiens France with
success. The patient was a victim of dog bite thus losing lips, nose and, central
cheeks. The patient had recovered sensory and motor for a long period of time [15].
Immunosuppressive therapy complications and graft rejection, which are com-
mon problems in all organ transplants, are valid in face transplantation, and also a
case diagnosed with beta-cell lymphoma and eventually developing chronic graft
rejection has been reported [16]. Squamous cell carcinoma developed in the fourth
case of face transplant performed by Dr. Ozkan and his associates. After treatment,
severe infection, respiratory failure and allograft rejection developed. Despite the
removal of the graft, the patient was lost [17].

Future progress in face transplantation can be achieved with the contribution
of different fields of science and technology. Naturally this holds true for the
progress of other organ transplantations. These include tissue engineering, creation
of functional autogenous-mucosal-cutaneous junctions, neural regeneration, 3-D
printed bioresorbable scaffolds, and elimination of antigenic transplanted tissue
[18]. The drawbacks of facial transplantation are the cost, relatively small number
of potential recipients and only cadaveric donation.

4.3 Uterus transplant

Uterus transplantation has emerged as an alternative solution for female
infertility. The first success in uterine transplantation was to ensure pregnancy by
replantation of the uterus and ovaries in dogs [19].

The first example of human application was a live uterine transplant in Saudi
Arabia on April 2000, to a 26-year old woman who lost her uterus six years ago
due to postpartum hemorrhage. The donor was 46-year old lady. The patient
had acute vascular thrombosis 99 days after transplant and had a hysterectomy.
Although acute thrombosis and infarction were detected in the vessels in macro-
scopic and microscopic examination of the excised uterus, no findings suggesting
rejection were found [20]. An important milestone in uterine transplantation is
the allograft uterine transplant performed to a 23-year-old woman diagnosed
with Mayer-Rokitansky-Kuster-Hauser syndrome in 2011 at Akdeniz University,
Turkey. Embryo transfer was provided 18 months after transplantation and live
birth was not possible although clinical pregnancy was detected by transvaginal
ultrasound [21].

The first clinical applications in Sweeden were made with nine living donors. In
2013, uterus transplantation was performed on a 23-year-old woman with congeni-
tal absence of uterus [Rokitansky syndrome] at Sahlgrenska University Hospital in
Gothenburg, Sweeden. The donor was a living 61-year old lady. The patient, who
had a menstruation on the 43rd day after the transplant, continued to have regular
menstruation. One year after the transplant, a single embryo transfer resulted in
pregnancy. Therefore, the triple immunosuppression was started. The patient,
pregnant for 31 weeks and five days, was admitted to the hospital with complaints
of preeclampsia and was taken to cesarean section due to abnormal cardiotocogra-
phy findings. A healthy male baby, with APGAR scores of 9,9,10 and with a weight
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compatible [1775 gr] with gestational age, was born. Thus, the first live birth was
achieved with the uterine transplantation method in the medical literature [22].

Uterine transplantation does not carry a vital indication. Medical, surgical, legal,
ethical, psychological, and social aspects of the process are discussed in medical
and related communities. Common requirements for recipient and donor are good
general health, no history of infection and cancer in the last five years. The upper
age limit for the recipient is 35-40 and 55-65 for the donor. In elderly women, it is
believed that the vessels be affected by arteriosclerosis, probably due to the atrophic
nature of the uterus. The effect of age on graft success is unknown. Among the
peroperative problems is the long duration of surgical intervention, especially in
the donor.

A characteristic of uterine transplantation is the removal of the transplanted
uterus after one or two births to prevent the patient from immunosuppressive
therapy for a longer period. This period is foreseen as an average of five years.
Therefore, it is not particularly superior to prefer live donors. Besides, psychological
problems that the recipient may feel against the donor are eliminated by the use of
cadaver uterus. Ethical foundations of uterine transplantation are gathered under
the name of Montreal criteria. Accordingly, six conditions should be fulfilled for the
recipient, four conditions for the donor, and four conditions for the healthcare team
performing the treatment [23].

5. Future prospects
5.1 Organ bioengineering and regenerative medicine

The field of tissue engineering is evolving rapidly and is opening new horizons
for novel treatment opportunities. Tissue engineering and regenerative medicine
includes artificial and biological materials.

Whole organ decellularization and recellularization have gained importance
in recent years. Decellularization, as the name implies, means the removal of all
cellular components from the organ and at the same time, the micro and macro
anatomy of the extracellular matrix is preserved. These scaffolds are repopulated
with patient- derived cells or stem cells to construct an individual specific organ.
Consequently immunosuppression is no more needed. Bioreactors are used for
decellularization and recellularization [24].

The technology used for organ bioengineering includes seeding cells on
supporting scaffolding materials. The cell-scaffold technology uses adult cells,
various progenitor cells, and progenitor cells that may differentiate into specific
adult cells. Bioreactors are used for uniform scaffold distribution, nutrient sup-
ply, and waste removal. The regeneration process takes place in the bioreactors
and consequently, bioengineered tissues and organs can be harvested for analysis
and implantation. Bioreactors facilitate, monitor, and control biochemical and
biophysical processes [25].

Mostly used scaffolds are decellularized allogeneic extracellular matrix which in
turn is recellularized by autologous or stem cells. A wide variety of human tissues
and organs have been decellularized for tissue engineering. These include cartilage,
bone, skeletal muscle, tendon, adipose tissue, heart, arteries and veins, gingiva, cor-
nea, vocal folds, peripheral nerves, intestine, liver, pancreas, kidney, bladder, male
and female reproductive systems, products of child birth and complex composite
structures. Decellularization requires efficient removal of immunogenic cellular
materials and maintenance of nonimmunogenic extracellular matrix. Human tis-
sues are harvested from cadavers and surgery. An advantageous point is the fact that
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extracellular matrix derived from decellularization of a certain tissue may be used
for tissue engineering of another tissue type [26].

Organ bioengineering aims to develop extracorporeal systems to compensate
or completely replace the functions of a diseased organ. As an example, an extra-
corporeal method designed to substitute liver function should have the capacity to
detoxify, synthesize, and regulate. The artificial liver support system has beneficial
effects on the prognosis of patients with acute-on-chronic failure. These beneficial
effects are generated by improving jaundice, ameliorating hemodynamic instability,
reducing portal hypertension, and improving hepatic encephalopathy.

The de-and recellularization technique has been used to produce heart, lung,
liver, kidney, and intestine. Despite of some laboratory success, the technique seems
to be improved before clinical application [27].

5.2 Bioartificial organs

Dialysis treatment initiated the development of artificial organs. Bioartificial
organs are aimed to fully compensate for the functions of a failing organ and they
closely mimic human organs. Bioengineering is the mainstay of producing bioartifi-
cial organs, but an interdisciplinary approach including the contribution of material
science, cell biology, mechanics, chemistry, informatics, surgery, computer science,
physics, and medicine is required. Organ manufacturing, in its simplest definition,
is producing bioartificial organs using living cells, other material, and advanced
processing technologies. Organ manufacturing technologies are basically classified
into three groups: fully automated, semi-automated, and hand- manipulated [28].

5.3 3D bioprinting

3D Bioprinting is a rapid prototyping and additive manufacturing technique
used to produce artificial implants. Tissue and organ regeneration is one of the
fields where 3D bioprinting is used. Bioprinting is layer-by-layer depositing of
biological material with living cells using computer-aided transfer processes.
Although whole vascularized organs for transplantation have not been produced by
bioprinting yet, generation of the scaffold-free tubular trachea [29] and generation
of scaffold-free nerve constructs using human gingiva-derived mesenchymal stem
cell spheroids were reported [30]. 3-D bioprinting has been used in the production
and transplantation of several organs including tracheal splints, vascular grafts,
cartilaginous structures, heart tissue, multi-layered skin, and bone. The final goal
is industrial bioproduction of individualized functional 3D organs for clinical
application.

Nanotechnology has been useful for localized, sustained, and controlled delivery
of drugs including immunosuppressive agents and clinically relevant biomarkers.
Nano particles can also be used to deliver contrast agents to assist in delineating
anatomy and therefore nanotechnology contributes to imaging of clinically relevant
biomarkers and functional parameters for diagnosis and treatment [31].

Gene therapy has the potential to eliminate problems associated with immu-
nosuppression by allowing the production of immunomodulatory proteins in the
donor grafts resulting in local immunosuppression. Gene therapy may also prevent
chronic rejection [32].

5.4 Machine perfusion

Machine perfusion is a novel technique aimed to increased use of suboptimal
grafts and consequently to enlarge donor pool. Large animal experiments have
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revealed the superiority of machine preservation. The possibility of perfusing high-
risk livers consistently for 24 hours has been shown. During that period little evi-
dence of deterioration of the functional and histologic characteristics of the livers
were noted. It has been claimed that perfusion may overcome the time limitations
related with utilization of high risk livers. Another advantage of normothermic
machine perfusion is measuring the functional parameters which give an idea about
the viability of the organ [33] and this feature of machine perfusion is also valid for
heart. The clinician may predict the risk of primary graft dysfunction. Repair and
conditioning of thoracic organs are at experimental level for the time being. It has
been reported that machine perfusion may also act as an immunoregulatory agent
for lung [34]. Hypothermic and normothermic machine perfusion and controlled
oxygenated rewarming keep kidney grafts functionally and metabolically active
during preservation. Ex-vivo kidney perfusion has found clinical practice and on
the other hand, preclinical results reveal that prolonged warm perfusion appears
superior than a brief end-ischemic reconditioning as far as renal function and
injury is concerned [35].

6. Specific organs
6.1Liver

The liver has vital functions including plasma protein synthesis, hormone
production, detoxification, decomposition of red blood cells, and regulation of
glycogen storage. Due to these important functions, liver failure poses a threat to
life. Historically, liver transplantation is second to kidney transplantation. Liver
transplantation is a definitive treatment modality for acute liver failure and end-
stage chronic liver disease. The shortage of organ supply has initiated the usage of
new therapeutic systems to reduce mortality and bridge patients to transplantation.

Albumin dialysis, plasmapheresis, column perfusion, and hybrid devices are
among the instruments that have been used to compensate for liver function.

Artificial liver support systems may replace the failing functions of the organ
and therefore time is gained for liver regeneration or transplantation. Artificial
liver support systems are expected to detoxify, replenish plasma proteins, and
reverse the inflammatory process. Among the artificial liver support systems,
molecular adsorbent recirculating system [MARS], therapeutic plasma exchange
[TPE], single- pass albumin dialysis [SPAD], and Prometheus can be named. MARS
uses albumin dialysis to replace the detoxification function of the liver while TPE
improves survival in patients with acute liver failure. MARS and TPE improve
systemic hemodynamics and the grade of hepatic encephalopathy [36, 37].

Extracorporeal liver support systems are either cell- based [biological] or non-
cell-based. Non- cell-based systems include high volume plasma exchange and
albumin dialysis. Bioartificial liver systems improve neurologic function, reduce
intracranial pressure and increase cerebral perfusion pressure Biological extracorpo-
real liver support systems aim to support the failing liver through detoxification [38].

Shen Yi and colleagues have performed a time-series-based meta-analysis of
randomized clinical trials and observational studies that examined differences
in mortality in acute-on-chronic liver failure patients treated with artificial liver
support systems. The results revealed that an artificial liver support system had
reduced the risk of short-term [1-3 months] mortality for patients with acute-on-
chronic liver failure by nearly 30%. As the results of the meta-analysis suggested,
an artificial liver support system might reduce medium-term [6 month-1 year]
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mortality risk by 30% and long-term [3 years] mortality risk by 50% in acute-on-
chronic liver failure patients [39].

The parenchymal cells of the liver are hepatocytes that constitute nearly 70-85%
of the liver volume. Treatment of congenital metabolic disorders affecting the liver
and acute liver failure using allogenic hepatocyte transplantation has been pro-
posed. The transplanted cells provide the impaired or missing hepatic function once
engrafted into the recipient’s liver. Mature hepatocytes have been considered the
most obvious cell type for liver cell transplantation. Some advantages of these cells
have been noted. They are less invasive and less expensive not involving complex
surgery, may be repeated in case of need, cryopreserved cells isolated from donor
livers are immediately possible when required and native liver stays in place [40].

Demetriou AA et al. have shown favorable results on survival in patients with
acute liver failure using an extracorporeal liver assist system. The system was com-
posed of 7 billion porcine hepatocytes within a hollow-fiber bioreactor. This phase
II/111, prospective, randomized, multicenter, controlled trial included patients with
fulminant-subfulminant hepatic failure or primary nonfunction [41].

6.2 Kidney

Long-term hemodialysis and peritoneal dialysis have been widely used in the
treatment of end-stage renal failure patients. These treatment modalities have
bridged thousands of patients to transplantation. The kidney is the first solid organ
whose function could be replaced by an external device. Portable and wearable
dialysis devices for the treatment of patients with end-stage kidney failure are being
developed.

The evolution of devices designed to treat renal impaired patients has followed
the sequence of portable artificial kidney [PAK], second- generation PAK, a wear-
able artificial kidney [WAK], and implantable bioartificial kidney [BAK]. All of
these devices are to be smaller, lighter and intended for use outside the clinic. BAK
can partially replace tubular function and it provides an extension to conventional
dialysis systems and artificial kidneys by incorporating elements of living cellular
and tissue function. The key features for the development of a bioengineered
kidney require three main components. These are, cellular components, material
engineering, and emerging technologies. Hollow membranes, extracellular matrix
proteins, porous structures, and novel chemistries are included in material engi-
neering. Organoids, 3D printing, decellularized kidney and induced pluripotent
stem cells compose the emerging technologies. Specialized kidney cells and stem
cells constitute the cellular component. A bioartificial kidney is expected to be
able to reproduce the metabolic, endocrine, immunomodulatory, and secretory
functions of a normal kidney [42].

Bioengineering and regenerative medicine also play a role in the efforts to
construct an artificial kidney as a final target. New branches of engineering like
artificial intelligence and machine learning for the real-time analysis of equipment
alarm, dialysis parameters and patient-related data contribute to developments
in this field. The problems encountered in the transplantation of recellularized
whole kidney scaffolds are needed to efficiently repopulate the endothelium of the
vascular network of the engineered kidney before implantation and optimal source
of cells to repopulate an acellular kidney scaffold [43].

Generation of human- induced pluripotent stem cells derived kidney organoids
has been an important step in regenerative medicine and kidney organoids are
expected to be used for disease modeling, drug discovery and ultimately be applicable
for transplant [44].
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6.3 Heart

Left ventricular assist device [LVAD] was developed as mechanical circulatory
support [MCS] for heart failure patients. A long-term implantable continuous-flow
LVAD named “the Heart II™ left Ventricular Assist system [Abbott Laboratories]
has been approved by U.S. Food and Drug Administration for indications of desti-
nation therapy and bridging to transplantation. While the technology is advancing
to achieve smaller size and eradication of drive lines, the expectation is to apply
continuous-flow technology, which is in the experimental phase, to total heart
replacement [45].

Implantation of a total artificial heart is indicated in end-stage heart failure
patients. Acute hemodynamic restoration and clinical stabilization are achieved
and the patient is then bridged to transplantation. It has been reported that a total
artificial heart is associated with a post-transplantation survival rate very similar to
national survival rates five years after transplantation [46] It has also been reported
that total artificial heart patients have high rates of successful bridge-to-transplant
and survival on par with biventricular assist device supported patients. The future
objectives are decreased device size, continuous flow mechanisms, and use of
bioprosthetic materials. Overcoming these hurdles will provide increased device
longevity and decreased post-implant complications [47].

Taylor and associates have claimed that engineering a bioartificial heart has
become a possibility. They have proposed a novel type of in vivo organ engineer-
ing utilizing pre-clinical models where decellularized hearts are heterotopically
transplanted. The aim was to harness the capability of the body at least partly to
repopulate the scaffold. The authors have added load and electric input and have
posited that vascular and parenchymal cell maturation can occur. The authors
have implanted porcine decellularized hearts acutely and chronically in living
recipients in a heterotopic position and have demonstrated that short-term implan-
tation promotes endothelial cell adhesion to the vessel lumens and that long-term
implantation also promotes tissue formation with evidence of cardiomyocytes and
endothelial cells present within the graft [48].

Pelletier et al. have reported that Rein-Heart-total artificial heart had shown safe
and effective function in vivo and in vitro testing. The Rein-Heart has effectively
replaced the native hearts’ functions in animals for up to two days [49].

There are obstacles to overcome before obtaining a bioartificial heart. These
obstacles are, achieving adequate durability, longer than five years, minimizing
thromboemboli and hemolysis, better efficiency, maintaining pulmonary-systemic
circulatory balance and reduced size to accommodate in women and small
adolescents and children [50].

6.4 Lung

The structure of the lung is complex and lung decellularization is a complex
process. The information is not sufficient. The most suitable cell types, media, and
growth factors and how to provide the optimal conditions of ventilation, perfusion
and oxygenation along the process of biofabrication are issues to be studied for
further progress.

The key problem in producing a bioengineered lung is how to drive stem cell
differentiation onto the different cell phenotypes. The role played by physical
stimuli is also important in lung bioengineering because the cells within the organ
are physiologically subjected to two main stimuli. These stimuli are ventilation and
blood perfusion across the organ [51].
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Extracorporeal membrane oxygenation and mechanical can be used temporarily
as a bridge to transplantation. Experimental transplantation of bioartificial lung
developed by perfusion decellularized synthetic scaffolds has been shown to
provide gas exchange in vivo over a long period. The present level of achievements
reveals that obtaining a transplantable artificial lung is not possible soon [52].

6.5 Pancreas

Artificial pancreas treatment is an alternative treatment that combines insulin
pump and continuous glucose monitoring with a control algorithm to deliver
insulin in a glucose- responsive manner. It is also named “closed-loop system” or
“automated insulin delivery”. The artificial pancreas can be either insulin-only or
dual hormone [glucagon] type. A systemic review and meta-analysis conducted by
Bekiari and associates have shown that artificial pancreas systems are beneficial and
safe treatment options for patients with type 1 diabetes. The authors have noted that
the current research evidence on artificial pancreas systems is limited by incon-
sistency in outcome reporting, small sample size, and short follow-up duration of
individual trials. So the future efforts should focus on such issues along with explor-
ing artificial pancreas use in relevant groups of people with type 2 diabetes such
as those with inpatient hyperglycemia [53]. Other areas of interest for the future
would be faster acting insulin in the artificial pancreas, increased accuracy, and
reduced lag-time of continuous glucose monitoring. Self-learning adapting algo-
rithms will improve the level of automation and effectiveness. Cost-effectiveness in
the general public is another issue to be taken into consideration [54].

7. Conclusion

The basic indication for solid organ transplantation is the treatment of end-stage
diseases posing threat to life. Solid- organ transplantation evolved to be gold stan-
dard therapy and became a routine procedure with minimal morbidity and mortal-
ity figures. Despite the achievements in different fields of transplantation activities,
the gap between demand and supply is growing due to an increased percentage of
the elderly population, and the increase in the number patients that require organ
transplant from which considerable number are lost while awaiting a suitable organ.
The unmatched shortage of organs and life-long dependency on immunosuppres-
sive drugs and related complications of immunosuppression had warranted the
development of alternative novel technologies for the repair or replacement of
missing or malfunctioning organs.

Reproductive, functional, restorative, and psychologic indications have caused
the emerging of transplanting different organs, namely face, extremity, and uterus.
It is apparent that transplant procedures of these organs will be performed with
increasing frequency in the future because successful results are closely associated
with the accumulation of useful scientific data and experience.

The unmet demand for organs and the failure of immunosuppressive drugs
to prolong long-term graft survival and a variety of complications associated
with immunosuppression have caused the need for completely new therapeutic
modalities in the treatment of diseased and malfunctioning organs.

For the time being, human grafts and artificial devices are not capable of
performing all the functions of vital organs. Artificial devices are beneficial in
bridging patients to transplantation, or organ regeneration or as independent
implantable units. The ultimate goal is to obtain human grafts to be totally
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restored in all their structural and functional aspects, and artificial devices that
can completely replace native organs. The hurdles on the way can be overcome by
close cooperation and integration of a wide variety of disciplines and technologies
including tissue engineering, regenerative medicine, electronics, robotics, artificial
intelligence, machine learning, 3D bioartificial printing, bioreactor technology,
nano- technology, gene therapy, machine perfusion and cell biology. In light of
the recent scientific developments, it can easily be assumed that reaching the goals
mentioned is a matter of time. Tissue-engineered products and any kind of device
expected to substitute totally human organs must certainly be safe, long durable,
and non-immune. The cost-effectiveness and the ease of accessibility are issues to
be managed in the future.
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