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1. Introduction

Solitary pulmonary nodule (SPN) or "coin lesion" is a rounded lesion that does not exceed 3
cm in diameter, completely surrounded by normal lung parenchyma without other
concomitant anomalies (not associated with atelectasis or adenopathy), and often
asymptomatic. Lesions bigger than 3 cm are more properly called masses and are often
malignant [1,2].

SPNs can be found randomly in the course of imaging exams conducted at the level of the neck,
upper limbs, chest, abdomen, and are described in approximately 0.9-2% of all chest X-rays [3].

Since the early 80's the advent of computed tomography (CT) has resulted in a large increase
in the frequency of detection of SPN. In the clinical practice it is important to determine the
radiological and pathological features of benign and malignant tumors for an accurate
management [4-13].

According to the literature the overall prevalence of SPNs ranged between 8% and 51% [14,15].
The American College of Chest Physicians (ACCP) does not recommend the implementation
of screening for lung cancer in the general population because the implementation of these
tests is not so far proved able to achieve a reduction of mortality rates [16].

Because the diagnosis and treatment of early stage lung cancer allows more favourable
results, a close monitoring for identified lesions is recommended [17].

I NT E C H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited.
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A SPN can be attributed to various causes. The fist step in the clinical evaluation of these
lesions is to define the benignity or malignancy. The most common benign etiologies include
infectious granulomas and hamartomas, while the most frequent malignant etiologies
include primary lung cancer and lung metastases [2].

The clinical relevance of accurately subtyping lung cancers was initially challenged by the
advent of novel therapeutic options (targeted therapies, such as erlotinib/gefitinib and
bevacizumab, or third-generation chemotherape utic agents, such as pemetrexed), which are
effective in specific lung cancer subtypes, and needed for a more detailed histological
definition of non-small-cell lung cancer (NSCLC), separating at least squamous-cell
carcinoma (SQC) from non-SQC. This event led pathologists to concentrate their efforts on
the accurate diagnosis of small cell lung carcinoma (SCLC), because further subtyping of
NSCLC was an optional and clinically unimportant diagnostic exercise. The generic
diagnosis of NSCLC gained popularity originally for cytological samples and later
for small biopsies. Currently, on cytological or small biopsy samples, most pathologists are
able to correctly distinguish SCLC from NSCL C, and within the NSCLC group to identify
well-differentiated or moderately differentiat ed SQC or adenocarcinoma (ADC). [18,19]

However, a high percentage of cases continues to be simply diagnosed as NSCLC, especially
when lacking clear-cut morphologic signs of di fferentiation. From a practical standpoint, the
call back to histological categorization of NSCLC raises several types of questions. Although
NSCLC subtyping may be relatively easy and feasible on surgical specimens, there are
objective difficulties in examining small biop sies and cytology samples. These techniques
often are the only ones for the final diagnosis of lung cancer, as most patients are not
candidates for radical surgery. When dealing wi th these small samples, pathologists may be
faced with a higher degree of uncertainty because of the frequent lung tumor heterogeneity
and the higher prevalence of poorly differe ntiated NSCLC among clinically advanced and
unresectable cases[18,19]. A useful tool to identify squamous or glandular differentiation
and to characterize poorly differentiated NSCL C may be to incorporate ancillary techniques,
such as immunohistochemistry. This approach seems the most promising one, although the
accuracy, sensitivity, and specificity of the diverse immunohistochemical markers remain to
be further defined. Thyroid transcription fact or (TTF-1) and/or cytocheratin 7 (CK7) for
ADC and p63 and high-molecular weight cyto keratins (HMWCKSs) for SQC are the most
specific and currently validated immunohistoc hemical markers that may be suitable for
refining most diagnoses even when dealing with quantitatively limited material, such as
cytological samples or small-sized biopsies [20,21]. When the pathologist is not able to
perform a precise histotype diagnosis, the high-resolution computed tomography (HRCT)
may be proposed as further diagnostic approach for determining the lung histotype
maligancies with single polmon ary nodule presentation [21].

The aim of our study is to assess whether morphological characteristics of a SPN and
ancillary signs allow to differentiate between the following lung malignancies:
bronchioloalveolar carcinoma (BAC) classified in according to the new criteria, variants of
ADC and SCLC.
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2. Materials and methods
2.1. Patients

From January 2007 to June 2011 we retrospectigly reviewed the HRCT examinations of 33
patients (14 females and 19 males) with SPN pesentation and histologic diagnosis of SCLC
(n = 5), invasive lepidic ADCs (formerly diagnosed nommucinous BAC with > 5 mm
invasion) (n=7), invasive mucinous ADCs (formerly diagnosed mucinous BAC)(n=2) and
other variants invasive ADCs (acinar, papilla ry, solid predominant with mucin production,
colloid and enteric variants) (n= 19). SQC, lage cell carcinoma, adenosquamous carcinoma
and sarcomatoid carcinoma cases were excluded.

The mean age in the three typeof SPNs (SCLC, BACs and ADCs ) were: 60 years + 6 (SCLC),
67,2 years £8,2 (BACs) and 71, 3 years * 8,5 (ADCs) respectively.

2.2. Histological analysis

The histological diagnosis was performed in accordance with the examination of lobectomy in
all cases of ADCs and transbrondial biopsy in 5 SCLC. The classification of ADCs tumors was
performed in accordance with th e criteria of International Association for the Study of Lung
Cancer/American  Thoracic  Society/European  Respiratory ~ Society  International
Mutlidisciplinary Classification of Lung Aden ocarcinoma [22]. The following immunostaining
analysis were performed in all cases of ADCs: TTF1l, CK7, P63 and HMWCKs. The
immunostaining of synaptophysin and CD56 was performed in all cases of SCLC.

2.3. HRCT technique

The examinations were performed with three different CT scanners: 16-slices CT (Light
Speed Pro 16, GE, Milwaukee, USA), 16-slices CT (Toshiba Aquilion, Japan) and 64-slices CT
(Philips Medical Systems, Best, tidetherlands) by direct volumetric acquisition with high
spatial resolution CT (HRCT) in a single inspiratory breath with the patient in a supine
position. The technical parameters expected to acquire volumetric reconstruction, are the
following: collimation: 1.0-1.25mm, kV: 135, mA: 300, scan time: 0.7 sec / rotation, table
speed of 17.85 mm / sec. High-spatiafrequency (bone) reconstruction algorithm was used.
Using the axial images the multiplanar reconstr uctions (MPRs) with high diagnostic quality
were obtained.

2.4. Image analysis

All HRCT images of each SNP were read in consensus by two experienced radiologists
(M.S., ARR) in chest CT with respect to morphology and ancillary signs. Size ,
margins/countours, calcifications, central necrosis or cavitation and air bronchogram were
evaluated for the morphologic assessment [23] Furthermore, in association with the
morphological study the following ancillary signs were assessed: pleural connecting striae
and ground glass opacity (GGO).
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The percentage of ancillary signs and the maphologic appearance were evaluated for the
differential diagnosis.

3. Results

Lesion size ranging from 8 mm to 25 mm (mean 20 mm %10,4 SD) for SCLC, 15 mm to 30
mm ( mean 22,5 =+ 5,7 SD) for BACs , 10 mm to 29mm ( mean 21,2 = 5,9 SD) for ADCs.

In the table are reported the data related to the morphologic features and to the ancillary
signs with relatives percentages of the three histotype malignant nodules.

Morfologic featurescalcifications within the SPN were absent in all case of SCLC and BACs

and found in 1/19 (5,2%) cases of ADCs variants cavitation was observed in 1/5 (20%) cases
of SCLC; margins/countours (irregular or spicul ated, multilobulated, frayed) were revealed

in SCLC, BACs and variants of ADC in 4/5 (80%) 9/9 (100%) 15/19 (79%) and air
bronchogram was revealed in SCLC, BACs and vaiants of ADC in 2/5 (40%) 5/9 (60%) 8/19

(42%) respectively.

Ancillary signs: air bronchogram and pleural connecting striae were found in SCLC, BACs
and variants of ADC in 2/5 (40%), 5/9 (60%), 8/19 (42%) and 3/5 (80%), 9/9 (100%) 17/19 (89%)
respectively.

The representative HRTC features for the three type of SPNs for SCLC, BACs and variants
of ADC are reported in figures 1,2, figures 3-5 and figures 6-9 respectively.

Small cell lung carcinoma in a 59 year-old man. HRCT shows spiculated and lobulated nodule
with cavitations in the upper left lobe.
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Small cell lung carcinoma in a 69 year-old man.
HRCT shows spiculated nodule with pleural connecting striae in the ventral segment of WKH XSSHU ULJKW OREH

SCLC (size ranging BAC (size ranging, 15 | ADCs size ranging 10

HRCT features from 8 mm to 25 mm mm to 30 mm mm to 29mm

(mean 20 mm +10,4 SD) (mean 22,5+ 5,7 SD) (mean 21,2 £ 5,9 SD)

(n=5) (n=9) (n=19)

Calcifications 0/5 (0%) 0/9 (0%) 1/19 (5,2%)
Cavitations 1/5 (20%) 0/9 (0%) 0/19 (0%)
Margins (irregular or
spiculated, 4/5 (80%) 9/9 (100%) 15/19 (79%)
multilobulated)
Air bronchogram 2/5 (40%) 5/9 (60%) 8/19 (42%)
Zt'::;a' connecting 3/5 (80%) 9/9 (100%) 17/19 (89%)
Ground-glass opacity 1/5 (20%) 9/10 (90%)* 5/19 (26,3%)

‘In 1 case of invasive mucinous adenocarcinoma (formerly diagnosed mucinous br onchiolo-alveolar carcinomas)
the GGO appearance was not revealed.

HRCT morphologic and ancillary of 5 small cell lung carcinomas (SLCL), 7 invasive lepidic
adenocarcinomas (formely diagnosed bronchiolo-alveolar carcinomas pattern, with > 5 mm invasion), 2
invasive mucinous adenocarcinomas (formerly diagnosed mucinous bronchiolo-alveolar carcinomas)
and 19 other variants invasive ADCs (acinar, papillary, solid predominant with mucin production,
colloid and enteric variants).



6 Current Concepts in General Thoracic Surgery

Invasive mucinous adenocarcinoma (formerly diagnosed mucinous bronchiolo-alveolar
carcinoma) in a 74 year-old female.
HRCT shows spiculated nodule with pleural connecting striae in the dorsal segment of the left upper
lobe.

Invasive lepidic adenocarcinoma (formely di agnosed bronchiolo-alveolar carcinoma pattern,
with >5 mm invasion) in a 75 year-old female. HRCT shows nodule with irregular contours and GGO
in the ventral segment of the left upper lobe .
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Invasive lepidic adenocarcinoma (formely di agnosed bronchiolo-alveolar carcinoma pattern,
with > 5 mm invasion) in a 75 year-old female. HRCT shows lobulated nodule with air bronchogram
and GGO in the left lower lobe.

Invasive variant enteric adenocarcinoma in a 76 year-old man. HRCT shows spiculated
nodule with pleural connecting irregular st riae in the dorsal upper right lobe.
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Invasive variant enteric adenocarcinoma in a 79 year-old man.
HRCT shows spiculated nodule with pleural connecting striae and GGO in the ventral upper righ lobe.

Invasive variant colloid adenocarcinoma in a 64 year-old man.
HRCT shows lobulated spiculated nodule with pleural connecting striae and GGO in the left lower lobe.
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Invasive variant enteric high grade-fetal adenocarcinoma in a 64 year-old man.
HRCT shows spiculated nodule with pleural connecting striae and GGO in the dorsal upper right lobe.

4. Discussion

Adenocarcinoma is the most common histologic subtype of lung cancer in most countries,
accounting for almost half of all lung cancers [24]. A widely divergent clinical, radiologic,

molecular, and pathologic spectrum exists within lung adenocarcinoma. As a result,
confusion exists, and studies are difficult to compare. Despite remarkable advances in
understanding of this tumor in the past deca de, remains a need for universally accepted
criteria for adenocarcinoma subtypes, in particular tumors formerly classified as BAC

[18,19].

As the SPN may be the expression of multiple pathologic entities, the incidental finding of
SPN by CT raises the issue of differential diagnosis between benign and malignant nodules.
Moreover the importance of differential diagno sis between malignant histotypes can affect
the prognosis and management of these patients.

A number of terms have been used to describe lung ADC by CT imaging. In particular, for
tumors that present as small nodules, the terms used have reflected the various ground

9
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glass (nonsolid), solid, or part-solid appearances that can occur. Largely based on the
Fleischner Society glossary of terms [21] and the recently suggested guidelines by Godoy
and Naidich [25] for subsolid nodules, we propose the following definitions: (1) a pure
ground-glass nodule (GGN) (synonym: nonsolid nodule) as a focal area of increased lung
attenuation within which the margins of any normal structures, e.g., vessels, remain
outlined, (2) a solid nodule as a focal area ofincreased attenuation of such density that
any normal structures, e.g., vessels, are completely obscured, and (3) part solid nodule
(synonym: semisolid nodule) as a focal nodular opacity containing both solid and ground-
glass components [21,25]. The Fleischner Society glossary of terms for thoracic imaging
defines a nodule on a CT scan as “a rounded or irregular opacity, well or poorly defined,
measuring up to 3 cm in greatest diameter” in any plane [21]. If the opacity is greater
than 3 cm, it is referred to as a mass [21].The 3 cm cut-off is in keeping with our concept
of the maximum accepted size for the pathologic diagnosis of AIS and MIA. The term
subsolid nodule has also entered common radiologic usage, referring to both part-solid
nodules and a pure GGN [25]. Optimal evaluation of subsolid nodules requires thin-
section CT scans (<3 mm thickness) to assess the solid versus ground-glass components
[20,21].

The aim of our study is to assess the morghologic and ancillary HRCT features of the
histotypes of malignant SPNs considering that often histological and/or cytological material
may be unsatisfactory and immunoistochemic al techniques may be not performed.

In our study the calcifications within the SPN were absent in all cases of SCLC and BACs
and found in one case of ADCs.

The margins were irregular or spiculated, multilo bulated in 4/5 (80%) of SCLC, in 9/9 (100%)
of cases previously diagnosed as BACs, andn 15/19 (79%) of other variants of ADCs.

The opacity-like bullous, a sign of the presence of air bronchogram, does not help us in
making any differential diagnosis, being present in 40% (2/5) of SCLC in 42% (8/19) of
variants of ADCs and in 60% (5/9) of formerly diagnosed BACs. The occurrence of
cavitations, expression of the speed of growth of the tumor cell and indicative of the
presence of necrosis [26,27], was detected onlyn one aggressive forms of SCLC (20%). In all
cases of all variants of ADCs and in casespreviously diagnosed as BACs the cavitations
were absent.

The SPN may be connected to the pleura by strae or streaks defined as linear density that
extends to the pleura and were the result of afibrosis in the pulmonary peripheral lung. The
striae connecting pleura or pleural effusion ta gs are found with high frequency in the three
tumor subtypes, ranking as a sign that directs us to a differential diagnosis of malignancy
without giving specific indications about the histotype tumor (80% SCLC, 89% variants of
ADCs, 100% formerly diagnosed BACS).

The ground glass perinodular opacity were areas of increased attenuation of hazy lung with
preservation of bronchial and vascular margins [29] and intranodular air bronchogram



Malignant Pulmonary Solitary Nodules: High Resolution
Computed Tomography Morphologic and Ancillary Features in the Differentiation of Histotypes

were the result of asymptomatic growth with the larger bronchi free of malignancies. The
ground glass opacity (GGO) instead is significantly more present in the lesions slower
growing and less invasive locoregional (26,3 % variants of ADCs and 90% formerly
diagnosed BACSs) than lesions infiltrative rapidly (only 20% of SCLC).

In conclusion, ancillary signs (pleural striae and GGO) in association with air bronchogram
are suggestive of diagnosis of the invasive lepidic ADCs (formerly diagnosed nommucinous
BAC with > 5 mm invasion) and can be considered in the differential diagnosis of malignat
SNPs histotypes ( SCLC and ADCs)
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1. Introduction

Various tumors metastasize to the lung, and they are often detected as multiple nodules.
Advances in computed tomography (CT) have made it possible to detect small tumors. Even
for multiple pulmonary nodules with previous malignancy, surgical removal is often
required when the primary si tes are well controlled and no other sites are involved.
However, preoperative differential diagnosis of coexisting primary lung cancer is usually
difficult for such small nodules [1].

Here, three cases of lung metastases that coasted with primary lung cancer, confirmed by
postoperative histological examination, are presented. In addition, a case with a proven lung
cancer that coexisted with small nodules in the ipsilateral lung, one of which was
pathologically diagnosed as a metastasis from rectal cancer, is presented. Further, the
importance of active tissue diagnosis including surgery is discussed.

2. A: Lung metastases from various malignancies coexisting with primary
lung cancer

2.1. Case 1

A 53-year old woman was diagnosed by needle biopsy as having a myxoid liposarcoma in
the right thigh. A chest CT scan revealed small bilateral pulmonary nodules, which were
diagnosed as pulmonary metastases; and the patient underwent two courses of
preoperative chemotherapy with ifosfamide and adriamycin. There was a partial response
to the chemotherapy for both the primary tumor and pulmonary metastases. Surgical
resection of the primary tumor in the right thigh and bilateral pulmonary metastasectomy
via sequential small axillary thoracotomies un der video assistance (one in the right lower

I NT E C H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited.
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lobe and one in the left upper lobe measuring 3 and 5 mm, respectively, and two in the
left lower lobe measuring 5 and 8 mm) (Figure 1) was simultaneously performed in
January 2008.

Preoperative chest computed tomography (CT) images showing tumors (arrows): one in the
right lower lobe and one in the left upper lobe measuring 3 and 5 mm, respectively ( a, white arrows),
and two in the left lower lobe measuring 5 and 8 mm ( b, white arrow; c, black arrow). (d) Magnified
image of (c). Postoperative pathological examination revealed that the tumor shown in panels ( ¢) and
(d) was a well differentiated adenocarcinoma. (From Nishiyama, Iwata, Nagano et al. Lung metastases
from various malignances combined with primary lung cancer. Gen Thorac Cardiovasc Surg 2010; 58:
539. With permission)
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A postoperative pathological examination reve aled that one of the resected pulmonary
tumors in the left lower lobe, measuring 8 mm in diameter, was a well differentiated

adenocarcinoma (Noguchi type F) [2], and there were no viable tumor cells in the remaining
three nodules; the resected tumor in the right thigh was finally diagnosed as a myxoid

liposarcoma. Carcinoembryonic antigen (CEA), squamous cell carcinoma-related antigen
(SCC), cytokeratin 19 fragment (CYFRA), and Sialyl Lewis¢ (SLX) were within normal

ranges. No distant metastasis was found, and the patient was diagnosed with clinical stage
IA primary lung cancer [3].

The risks and benefits for lobectomy and observation were explained to the patient. After
informed consent was obtained, a left lower lobectomy via a left axillary thoracotomy was
performed 17 days after the initial surgery. The patient recovered uneventfully, and a
postoperative pathological examination reve aled no lymph node metastasis. She was
discharged with a treatment plan involving postoperative adjuvant chemotherapy for the
liposarcoma.

2.2. Case 2

A 70-year old woman was referred to our hospital in June 2008 for further treatment of
pulmonary metastases due to colon cancer. A chest CT scan revealed bilateral small
pulmonary nodules: three in the right upper lobe and two in the left upper lobe (Figure 2).
The patient underwent right hemicolectomy for stage IlIB transverse colon cancer in
October 2005, followed by adjuvant chemotherapy with oral tegafur and leucovorin for 18
months postoperatively. Bilateral pulmonary metastases appeared in June 2007, but were
markedly diminished in January 2008 when chemotherapy with 17 courses of 5-fluorouracil
(5-FU), leucovorin and oxaliplatin was comple ted. However, the tumors re-grew and were
diagnosed in May 2008. Serum CEA and CA 199 were within normal ranges. Bilateral
pulmonary metastasectomy via sequential small axillary thoracotomies under video
assistance (three in the right upper lobe measuring 12, 12 and 20 mm, and two in the left
upper lobe measuring 5 and 12 mm) was carried out in June 2008.

A postoperative pathological examination revealed that one of the resected pulmonary tumors
in the left upper lobe, measuring 5 mm in di ameter, was Noguchi type B bronchioloalveolar
carcinoma [2]. The remaining four tumors were diagnosed as metastatic tubular
adenocarcinoma from colon cancer. No distant metastasis was found, and the patient was
diagnosed with clinical stage IA primary lung cancer [3]. She recovered uneventfully and was
discharged with a plan of postoperative ad juvant chemotherapy for the colon cancer.

2.3. Case 3

A 69-year old man was referred to our hospital in October 2011 for further treatment of
pulmonary metastases due to renal cell carcinoma. He underwent left nephrectomy for a left
renal cell carcinoma (Tla, G1, INF...) in June 2007. A chest CT scan revealed two small
pulmonary nodules in segments S8 and S9 of the right lower lobe that appeared in
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November 2010 and increased in size in Septmber 2011 (Figure 3). Serum CEA, CYFRA and
SLX were within normal ranges, but SCC was slightly elevated to 2.1 ng/ml (hormal range <

1.5 ng/ml). Although Ilung metastases were suspected, tissue diagnosis through

bronchoscopy was unsuccessful and pulmonary metastasectomy via a small axillary

thoracotomy was conducted under video assistance in October 2011.

Preoperative chest CT images showing tumors (arrows): three in the right upper lobe
measuring 12, 12 and 20 mm &, b, ¢, white arrows), and two in the left upper lobe measuring 5 mm
(black arrow) and 12 mm (white arrow) ( d). (e) Magnified image of panel (d) (black arrow).
Postoperative pathological examination revealed that the tumor shown in panel ( €) was a Noguchi type
B bronchioloalveolar carcinoma. The remaining four tumors were diagnosed as metastatic tubular
adenocarcinoma from colon cancer. (From Nishiyama, Nagano, Izumi et al. Lung metastases from
various malignances combined with primary lung cancer. Gen Thorac Cardiovasc Surg 2010; 58: 540.
With permission)
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Preoperative chest CT images showing tumors in the right lower lobe (black arrows): one in
the S8 segment measuring 8 mm &), and the other in the S9 segment measuring 7 mm b). (c) Thin slice
image of (b). An intra-operative pathological examination revealed that the tumor in the S9 segment
was adenocarcinoma and postoperative pathological examination revealed that the tumor shown in
panel (a) in the S8 segment was a metastatic clear cell carcinoma from renal cell carcinoma.

An intra-operative pathological examination revealed that one of the pulmonary tumors in
segment S9 measuring 7 mm in diameter wasadenocarcinoma and a right lower lobectomy
was performed. A postoperative pathological examination revealed that the tumor in
segment S9 was Noguchi type A bronchioloalveolar carcinoma [2], and the other tumor
measuring 8 mm in segment S8 of the resected lobe was metastatic clear cell carcinoma from
renal cell carcinoma. No lymph node metastasis or distant metastasis was found, and the
patient was diagnosed with clinical stage IA primary lung cancer [3]. He recovered
uneventfully and was discharged with a plan of postoperative adjuvant chemotherapy for
the renal cell carcinoma.
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3. B: Primary lung cancer coexisting with lung metastases from other
malignancies

3.1. Case 4

A 62-year old man was referred to our hospital for further examination of a suspicious
primary lung cancer in the left upper lobe, measuring 23 mm in diameter on a chest CT. In
addition, the chest CT scan revealed other two nodules, one beside the tumor in the left
upper lobe measuring 5 mm and the other in the left lower lobe measuring 10 mm (Figure
4). The patient had undergone surgery for stage IlIA rectal cancer followed by postoperative
adjuvant chemotherapy 6 years ago, and stage IA gastric cancer 3 years ago. Trans-bronchial
curettage cytology of the larger tumor in the left upper lobe revealed adenocarcinoma. CEA
13.2 ng/ml, SCC 2.0 ng/ml and SLX 47 U/mil(normal range <5.0 ng/ml, 1.5 ng/ml and 38
U/ml, respectively) serum tumor markers were el evated. Clinical diagnosis of primary lung
cancer was established by cytology and chest CT, leaving a differential diagnosis of
pulmonary metastasis from rectal cancer or gastric cancer. Preoperative tissue diagnosis of
the other two nodules was unobtainable because of small lesions. The patient was advised
on the risks and benefits of surgery for disease with metastases from lung cancer, rectal
cancer or gastric cancer. After obtaining informed consent the patient underwent left upper
lobectomy with mediastinal lymph node dissection, combined with partial resection of the
left lower lobe in April 2008.

A postoperative pathological examination usin g immunohistological st aining revealed the
tumor and the nodule in the left lower lobe as being poorly differentiated adenocarcinoma,
which was cytokeratin (CK) 7 positive and CK 20 negative, CEA positive, surfactant
apoprotein negative and thyroi d transcription factor-1 (TTF-1) positive. Metastasis in the
resected hilar lymph node was also diagnosed. Definitive pathological diagnosis of primary
lung cancer with pulmonary metastasis in the ipsilateral lung and hilar lymph node
metastasis (pT4N1MO, stage IIIA) [3] was established. The remaining nodule besides the
tumor in the left upper lobe was diagnosed as metastasis from rectal cancer, and was CK 7
negative and CK 20 positive, CEA positive, surfactant apoprotein negative and TTF-1
negative. The patient recovered uneventfully and was discharged with a treatment plan
involving postoperative chemotherapy for lung cancer.

4. Discussion

Recent advances in CT have obviously contributed to the diagnosis of small pulmonary
nodules and ground-glass opacity components which indicate possible primary lung
cancer [4]. The preoperative differential diagnosis of either metastatic or primary lung
cancer is usually difficult, because with the exception of surgery, it is not possible to
obtain sufficient tissue from these small neoplasms. A retrospective assessmentof case 1
suggested that a careful review of the CT scans could lead to a diagnosis of possible
primary lung cancer because they demonstrated an unclear-bordered nodule with pleural
indentation. In addition, the nodule, which was different from the others, did not reduce
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in size after chemotherapy. A retrospective assessment of the tumor in case 2, which was
diagnosed as bronchioloalveolar carcinoma, revealed unclear-bordered ground-glass
opacity (GGO) indicating possible primary lung cancer. A retrospective assessment of the
tumor in case 3, which was diagnosed as adenocarcinoma, indicated a relatively clear-
bordered nodule underlining the difficulty of distinguishing primary lung cancer and
lung metastasis from other malignancies in the preoperative differential diagnosis of this
small nodule.

Preoperative chest CT images showing tumors (black arrows): a primary lung cancer in the
left upper lobe measuring 23 mm in diameter (a) and two nodules, one beside the tumor in the left
upper lobe measuring 5 mm (b) and the other in the left lower lobe measuring 10 mm (c). (d) magnified
image of (b) (the left side) and (c) (the right side). Postoperative immunohistological examination
revealed the tumor shown in panel (b) was a lung metastasis from rectal cancer, and the tumor shown
in panel (c) was metastasis from lung cancer.
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Noguchi et al. [2] reported on the pathological features of small adenocarcinomas of the lung
in 1995, in which Noguchi type A and B tumors had a 100% postoperative 5-year survival
rate. Advances in CT imaging since the early 1990s have led to considerably more accurate
diagnoses of GGO lesions, corresponding to sich early-stage lung cancer [5]. Recently, a
new classification of lung adenocarcinoma has been proposed that takes into consideration
their clinical outcomes, and Noguchi type A an d B tumors correspond to adenocarcinoma in
situ [6,7].

When nodules are removed and diagnosed as plimary lung cancer coexisting with lung
metastasis from other malignancies, additional treatment should be considered
according to the prognosis of each disease (i.e., primary lung cancer and primary tumor
metastasized to the lung). In case 1, although the general prognosis of a myxoid
liposarcoma with multiple lung metastases is still unclear [8], excellent effects of
preoperative chemotherapy (demonstrated pathologically as no remaining viable tumors
in the lungs) prompted us to recommend completion lobectomy with the intent of a
precise diagnosis including lymph node dissection. In case 2, the primary lung cancer
was preinvasive [2,6] and required no further resection. In case 3, lobectomy was
performed with an intra-operative diagnosis of adenocarcinoma, and was sufficient
treatment for the remaining single metastasis from the renal cell carcinoma in the same
lobe.

Recently, the appropriateness of sublobar resetion has been investigated for such small
lung cancers, because they are likely to haveno lymph node metastases [9-11]. Following a
careful reassessment of preoperative CT imagesincluding the presence of GGO and the size
and pathological features of the tumor, the necessity of additional pulmonary resection with
lymph node dissection should be considered.

In contrast, proven primary lung cancer sometimes appears with small nodules in the same
lobe or other lobes. As shown in case 4,the stage of the lung cancer depends on the
definitive tissue diagnosis of the small nodule s. In addition, we experienced a case of a
primary adenocarcinoma in the right upper lobe, with a small nodule in the left lower lobe
that was diagnosed as cryptococcosis. Therefore, importance of active tissue diagnosis
including surgery should be emphasized, especially in patients with previous malignancies.
On the other hand, for indeterminate lung tumo rs with a strong suspicion of lung cancer,
lobectomy followed by thorough pathological examination is required in some conditions,
because of difficulties in pre- or intra-operat ive tissue diagnosis when the lesion is deeply
located near the major pulmonary vessels [12]. Even such tumors could present with other
pulmonary nodules.

In all situations, once definitive diagnosis has been established, additional treatment
including additional surgery or chemotherapy should be considered depending on the
prognosis of each disease (i.e., primary tumor metastasized to the lung and primary lung
cancer).
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5. Conclusion

In surgery for pulmonary tumors, possible coex istence of lung metastasis from various
malignancies and primary lung cancer should be considered. When resected tumor is
diagnosed as primary lung cancer coexisting with lung metastasis from other
malignancies, the necessity for additional treatment should be considered, depending on
the prognosis of each disease (i.e., primary lung cancer and primary tumor metastasized
to the lung).
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1. Introduction

The aim of this revue is to examine the current literature on the physio-pathological
mechanism liable for the inflammatory reaction after major surgical injury and the nature
and development of the related morbidity. We describe the endocrine and metabolic
changes that occur as consequences of major thacic surgery and the clinical implications of
these reactions. The understanding of the stress response mechanism and the early detection
of it's clinical manifestations will aid in recognizing and probably help in correcting
deviations from the norm.

Major surgical procedures represent an important insult for the homeostasis and determine
a systemic inflammatory response syndrome, evolved to ensure survival, characterized by
changes in haemodynamic, endocrine and immune functions directed towards preservation
of the blood supply to essential organs. [1]

The first description of the clinical manifestat ions of such responses was presented in 1942
by Cuthbertson [2] who described a biphasic immune, inflammatory and metabolic
response to injury. However during the last 20 years, as knowledge has continuously
accumulated, it has become clear that the physiologic response to injury is not as simple as
initially described and represents a rather complex physiological phenomenon, yet even
today it is not completely understood.

The data we recently published confirmed the generalized tendency to accumulate large
volumes of fluids in the postoperative days after pulmonary lobectomy. Fluid retention with
weight gain was evident despite a negative intra-operative fluid balance, peri-operative
strict fluid restriction, early mobilization and an  encouraged intake of oral fluids as part of a
normal diet. [3]

I NT E C H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
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As reported by several authors following lung resection, multiple factors such as
thoracotomy, rapid fluid infusion, and manipulation  of the lung result in an increase of the
extravascular lung water. Fluids from the interstitial space tran sudate into the alveolar space
severely impairing gas diffusion and facilita ting the occurrence of pulmonary edema.

2. Overview

Generally speaking the term “inflammatory reacti on” refers to events which occur in tissues
in response to a pathogenic stimulus. It consists of a series of specific immunological reactions
that are protective, aimed at promoting survival. In the case of specific pathogenesis (bacteria,
viruses), the inflammatory response is tightly linked to immune-mediated reactions and
specifically cellular activation (lymphocytes, an tibodies, macrophages, mast cells). Whereas if
the stimulus is non-specific (neoplastic disease, surgical stress), the systemic inflammatory
response relies on the innge defence mechanisms.

Post injury stress or inflammatory response, is the name given to the hormonal and
metabolic changes which follow an anesthetized (e.g. surgery) or unanesthetized (e.qg.
trauma) injury [4]. It includes an adaptive set of events, a predictable well orchestrated
reaction, that has evolved to maximize an organism’s healing potential and it is not unique

to humans but is found in all vertebrate animals [1].

In evolutionary term it seems likely that the stress response developed as a survival
mechanism to allow injured animals to sustain themselves until their injures were healed, by
catabolising their own stored body fuels and re taining salt and water. However it has been
argued that such response is unnecessary in curent surgical and anaesthetic practice [4].

During the last century, scientific efforts to clarify aspects of non-cellular inflammatory
responses have revealed some special molecules that play an important role in local and
systemic alterations in the affected individual : histamine, prostanoids leukotrienes, platelet
activating factor, bradykinin, nitric oxide, neur opeptides and cytokines.

The cytochines are a group of low molecular-weight proteins released in inflammatory and
immune reactions which include interleukins, interferons, tumor necrosis factor, growth
factors and chemokines. They are produced by activated leucocytes, fibroblasts and
endothelia cells as an early response to tisge injury and have a major role in mediating
immunity and inflammation. [5] They have local effects of mediating and maintaining the
inflammatory response to tissue injury and afte r major surgery the main cytochines released
are interleukin-1 (IL-1], tumor necrosis factor-alfa (TNF alfa) and IL-6 [4, 5].

The activation of the cytokine cascade is accompanied by the release of soluble cytokine
receptors with significant growth factor func tions, and by the activation of the massive
neuro-endocrine-hormonal flux involving the production and secretion of catecholamines,
antidiuretic hormone, cortisol, insulin, gluc agon and growth hormone. The natural final
goal is the retention of water and sodium; if th e body is going to conserve water and sodium
as a response to the surgicaltrauma, that would imply that smaller quantities of these
elements should suffice to maintain homeostasis [6].
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Localized inflammation is a physiological prot ective response which is generally tightly
controlled by the body at the site of injury. Loss of this local control or an overly activated

response results in an exaggerated systemicresponse which is clinically identified as
systemic inflammatory response syndrome (SIRS). Compensatory mechanisms are initiated
in concert with SIRS and outcome (resolution, multiple organ dysfunction syndrome or

death) depends on the balance of SIRS andsuch compensatory mechanisms. No direct
therapies have been successful talate in influencing outcome [7].

The outcome of the inflammatory response may be altered in several conditions; in
particular following major thoracic surgery preex isting diseases (such as chronic obstructive
pulmonary disease, renal failure, coronary artery disease, diabetes, hypertension), type and
quantity of fluid infused, lung manipulation, anesthetic agents and single lung ventilation
may interact with the inflammatory response and affect the ability of an individual to mount
an appropriate stress response. Some patientslevelop an exaggerated response that results
in what is commonly referred to as systemic inflammatory response syndrome (SIRS), on
the contrary after an illness that depletes the organism, outcome may result in generally
compromised organ function that is known most commonly by the multiple-organ
dysfunction syndrome (MODS) or, more generically, chronic critical illness.

3. The biphasic reaction

This reaction characterized by a biphasic immune, inflammatory and metabolic response
was described for the first time in 1942 by Cuthbertson [2] and some decades later some
detail was added by Moore [8].

In the first phase the major points are the attempt to limit the blood loss by the activation of
the responses that must ensure survival following injury; i.e. peripheral vasoconstriction,
the derived hypothermia, the translocation of blood and substrate from the peripheral to
vital organs (heart and central nervous system) circulation, retention of salt and water and
decreases of energy expenditure. The length of this phase of the response that in
Cuthbertson’s description lasted 24 hours, can berestricted by appropriate treatment of the
trigger. The activation of these conservative mechanisms occur in anesthetized or
unanesthetized injury. In th e former (elective major surgery) the beginning may be
represented by the dilatation of the venous capacitance system produced by the commonly
used anesthetic induction agents which decreases the blood return to the heart diminishing
the cardiac output [1] or by the cytochines produced by activated leucocytes, fibroblasts and
endothelia cells at the site of the surgical insult. [5]

In case of unanesthetized injury the neuro-endocrine-hormonal response is activated by
afferent neuronal impulses from the site of injury that travel along sensory nerve roots
through the dorsal root of the spinal cord to th e medulla to activate the hypothalamus [4]. In
this early stage of shock, adequate fluid therapy comprise of goal-directed filling [9] to
prevent evolution to multiple organ dysfunction syndrome (MODS).
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The second phase of the response is termed te hypermetabolic phase and is driven and is
proportional to the degree of init ial injury [1]. It is characteri zed by the peak, on the second
postoperative day, of all the mediators of infla mmation, and by the activity of the reparative
cells, in particular white blood cells (WBC s). The energy needs come from catabolism of
both skeletal and visceral muscle with release into the circulation of protein and amino acids
resulting in loss of body cell mass that primarily reflects a decrease in skeletal muscle mass.
The cardiovascular system plays a critical role in this phase; the vasculature dilates to
improve flow and substrate deliv ery. Vascular leak allows fluid and substrate to flow
towards the avascular area of injury and to remove waste products. [1]

The resultant tachycardia and elevated cardiac output boosts myocardial oxygen
consumption, and increase in resting energy expenditure and in total body oxygen
consumption and CO2 production.

The net effect is an increased catabolism wih increased substrate availability for energy
production, and sodium and water retention to maintain fluid volume and haemodynamic
stability [4, 10]. Sodium and water are retained avidly in the first few days, and
convalescence and recovery are heralded by a reurn of the capacity to excrete any salt and
water overload acquired during the earlier phase [11].

Following major surgery the well known clinical manifestations of this hypermetabolic
phase include tachycardia, hyperthermia (rep resenting hypermetabolism), hyperglycemia,
leukocytosis, micro-albuminuria and edema (from capillary leak). This phase continues for
several days and ceases with the transition from catabolism to anabolism, resolution of
vasodilatation, and edema. At this point fluids are reabsorbed and eliminated with diuresis.
All these facts support the concept that parts of intra-operatively administered fluids are
redistributed into the interstitial and intracel lular spaces, which undergo reabsorption in the
postoperative period [12].

4. The endothelial surface layer and the pathogenesis of extra vascular
water

The current basic research has brought fascinatinginsights to the function of the endothelial
vascular barrier and, in particular, to the functi onal changes that leadto vascular leakage.

The etiopathogenesis of extravascular water is explained very clearly by S.R. Walsh et al in
an interesting manuscript “Perioperative fluid restriction reduces complications after major
gastrointestinal surgery” [6]. They reported th at the body’s fluid and electrolyte balance is
maintained within a tightly defined range and th is is achieved mainly by the kidney, under

the influence of antidiuretic hormone and th e renin--angiotensin—aldosterone axis, which
influence sodium and water excretion and rete ntion as necessary to maintain the volume
and osmolality of the extracellular fluid. The mechanism involves a daily obligatory sodium

loss of about 100 mmol and a daily maintenance sodium requirements of about 1.0--1.2
mmol/kg. Daily water requirements are betw een 25 and 35 mL/kg. The surgical trauma
causes an intense distortion of the normal physiology. Preoperative fasting, intraoperative
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bleeding, and insensible losses combine to produce extracellular volume depletion.
Leukocyte activation increases capillary wall permeability, allowing seepage of proteins,
water, and electrolytes out of capillaries into tissues, further depleting the intravascular
space. The increase in capillary permeability is sufficient to allow the passage of large
albumin molecules into the interstitium at a fa ster rate than the lymphatic system can drain
it. The resulting accumulation of albumin increa ses the oncotic pressure of the interstitium,
serving to draw further water and sodium from the intravascular space. [6]

A new insight in the mechanism liable for the fluid’s transendothelial permeability came
from the comprehension of the endothelial surf ace layer (ESL) and the role of endothelial
glycocalyx as reported by Strunden [13]. Every healthy vascular endothelium is coated by
transmembrane syndecans and membrane-bound glypicans containing heparan sulphate
and chondroitin sulfate side chains, which toge ther constitute the endothelial glycocalyx
[14,15]. Bound plasma proteins, solubilized glycosaminoglycans, and hyaluronan are
loading the glycocalyx to the endothelial surface layer (ESL), which is subject of a periodic
constitution and degradation. Under physiolo gic conditions, the ESL has a thickness of
approximately 1 em and binds approximately 800 ml of blood plasma, so plasma volume
can be divided into a circulating and non circulating part [15,16]. Accordingly, the
glycocalyx seems to act as a molecular filter,retaining proteins and increasing the oncotic
pressure within the endothelial surface layer.

A number of studies identified various ag ents and pathologic states impairing the
glycocalyx scaffolding and ESL thickness.

In a genuine pig heart model, Chappell et al. demonstrated a 30-fold increased shedding of
heparan sulphate after postischemic reperfusion [17]. These data were approved by a
clinical investigation, which showed increase d plasma levels of syndecan-1 and heparan
sulphate in patients with global or regi onal ischemia who underwent major vascular
surgery [18].

Beside ischemia/reperfusion-injury, several circulating mediators are known to initiate
glycocalyx degradation. Tumor necrosis factor-(a), cytokines proteases, and heparanase
from activated mast cells are well-described actors in systemic inflammatory response
syndrome leading to reduction of the ESL thickness, which triggers increased leucocyte
adhesion and transendothelial permeability [17,19, 20].

Interestingly, hypervolemia represents one of the several factors able to cause glycocalyx
impairment mediated by liberation of atrial natriuretic peptide as shown by Bruegger D in
the recent manuscript “Atrial natriuretic peptid e induces shedding of endothelial glycocalyx
in coronary vascular bed of guinea pig hearts” [21].

Therefore hypervolemia resultin g from inadequately high fluid administration therefore
may cause iatrogenic glycocalyx damage [13].

As shown in basic research, the dramatic caonsequence of a rudimentary glycocalyx, which
loses much of its ability to act as a secondbarrier, is strongly increased transendothelial
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permeability and following formation of interstitial edema [17,21]. The relevance of these
experimental data were impressively underlined by Nelson et al., who found increased
plasma levels of glycosaminoglycans and syndecan-1 in septic patients, whereas median
glycosaminoglycan levels were higher in patients who did not survive [13, 22].

5. The pathogenesis of extra vascular lung water (EVLW) and pulmonary
edema

The lungs provide valuable insight into dynami ¢ microcirculatory changes during systemic
inflammation because they are maximally exposed to the proinflammatory cascade,
receiving the entire cardiac output [23]. The pulmonary artery follows the course of
bronchial anatomy and carries blood to the alveoli where the gas exchange will occur. The
blood pressures in the areas of the small circleare lower than in the large circle. The reason
lies in the low impedance and resistance of the pulmonary vessels. In addition, the blood

flowing in the pulmonary arterial bed is differ ent in composition than the systemic blood.
The laws that balance the content of lung capillaries and the surrounding environment are,

however, the same underlying vascular physiolo gy in other districts. These are defined in
part by the Starling forces and by variations in capillary permea bility. The alveolar
ventilation and perfusion are therefore the two transport systems of the gas until the
alveolus. The way in which an efficient gas exchange is produced, is subtended by the ratio
ventilation / perfusion which brings together (in the ideal condition, therefore purely

theoretical) the amount of blood and the volume of air which carry oxygen and carbon

dioxide in different moments of shipping.

In this context, all cellular functions, the systemic endocrine regulation, intercellular
communication, extracellular matrix features, the neurophysiological control systems and
many other functions and pr operties find space.

The respiratory dynamics are achieved through countless joints, but the basic steps are 6. 1)
gas exchange between alveoli and external erironment, 2) gas exchange between alveoli

and blood, 3) transport of gas from the lungs to the tissues, and viceversa, through blood, 4)

gas exchange between blood and interstitium, 5) gas exchange between the cell and
interstitium, 6] mitochondrial metabolism [24].

The respiratory unit consists of a respiratory bronchiole, the alveolar ducts and the alveoli.
The walls of the alveoli are thin and placed in communication with each other through a
network of interconnected capillaries [25]. The thickness of the alveolar walls is
accompanied by an equally thickness of the lamina of blood flowing through them. Thanks
to this contact, alveolar and blood gases can determine the respiratory exchange. The
respiratory membrane therefore represents the interface between the environment and the
organism but not only, it is also the site of oxygen flow and discharge of carbon dioxide. The
efficiency of the respiratory membrane provid es the metabolic capacity and thus cellular
function is directly responsible for the availa bility of the organism to accomplish any aerobic
metabolism.
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The respiratory membrane is composed of severd layers that described, from the inside of
the alveolus, are: 1) liquid surfactant, 2) alveolar epithelium, 3) basement membrane, 4) the
interstitial space, 5) the capillary basement membrane, 6) epithelium of the capillary. Each of
these areas of the respiratory membrane is subjected to different stimulations that vary,
depending on the conditions, the effici ency and the speedof the exchanges.

For the air-blood barrier, a minimum volume of interstitial water assures the maximum
surface/ thickness ratio to optimise gas diffusion. In the lung th e endothelium of the
capillary wall is tightly glued to the epithelial wall. Most of the diffusion occurs in the so
called “thin” portion that accounts for almost 50% of the barrier surface and whose thinness
is as low as 0.2-0.3 mm. The thinness of thair—blood barrier reflects a functionally “dry”
condition. In addition, for the extravascu lar space of the lung one can speak of a
“minimum” volume of water. In fact, when flui d fluxes increase due to alteration in fluid
dynamics, this results in an impairment of diffusion [26].

The Pathophysiology of fluid and the dyna mics of extravascular lung water in the
Interstitium After Lung Thoracic Surgery, has been clearly elucidated in a series of
manuscripts by Miserocchi and collaborators that we here cite.

The lung’s air-blood barrier is 0.2-0.3 microns thin with a "minimum” volume of water

reflecting a functionally “dry” condition that ensures a high efficiency of the gas diffusion

[27]. Furthermore similarly to the pleural fluid, also lung interstitial fluid is kept at a

subatmospheric pressure (also ~ -10 cmH20)due to the powerful draining action of
lymphatics in face of a very low microvascular permeability [26].

Two important molecules, belonging to the pr oteoglycans (PGs) family, whose role appears
crucial to control the extravascular water volu me, as they act as highly hydroplhilic link
proteins are Perlecan, an heparansulphate PG(MW 0.1-0.5 MDa) placed in the basement
membrane that controls the porosity to water and solutes. Versican (MW 0.5 MDa), a large
PG bound to hyaluronan (a random coiled molecule), provides rigidity to the tissue by
establishing multiple non-covalent links with other molecules of the matrix and with cells
[28, 29].

Miserocchi reported that the volume of the extr avascular water is strictly controlled so that
the lung appears quite resistant to the development of edema. In fact, at least three
mechanisms cooperate to allow only minimal variations in extravascular water volume
relative to the steady state condition [26].

First, the glycosaminoglycan chains of PGs can bind excess water to form gel-like structures;
this results in an increase in the steric hindrance of proteoglycans and corresponding
decrease in the porosity of the basement membrane and thus also in microvascular
permeability.

Second, the assembly of large matrix PGs within the extracellular matrix provides low tissue
compliance and this represents an important “t issue safety factor” against the development
of edema. In fact, a minor increase in exravascular water in response to increased
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microvascular filtration, causes a marked increase in interstitial pressu re (e.g., from ~ -10 to
~ 5 cmH20) [26] that buffers further filtration.

Third, arteriolar vasoconstric tion represents an important reflex to avoid or actually
decrease capillary pressure whenfiltration is increased due to an increase in microvascular
permeability [31,32]

Fragmentation/degradation of PGs of the basement membrane cause an increase in
microvascular permeability of the paracellular pathway as pore size can reach 50-100 nm
allowing easy leakage of albumin. Finding of red blood cells in the alveolar fluid reflects
major lesions of the air blood barrier. Fragmentation of matrix PGs removes the “tissue
safety factor” by causing an increase in interstitial compliance. The loss of integrity of PGs
reflects the sustained increase in parenchyma stresses, the weakening of the non-covalent
bonds due to increased water binding, and the activation of tissue metalloproteases (32
Miserocchi et al, 2001a). The hypothesis that tle activation of tissue metalloproteases leads
to the loss of integrity of PGs faces to new therapeutic approachs by drugs able to control
this family of proteinases [33,34,35].

The development of severe pulmomary edema is known as a tumultuous event taking place
in minutes. Experimental models in animals have allowed us to attribute the sudden
increase in extravascular lung water [32] to the loss of integrity of the proteoglycan
components of the macromolecular structure of the lung in terstitial space.

One shall consider interstitial edema as a sharp edge between tissue repair and severe
disease: in fact, the transition from interstitial to severe lung edema occurs through an
“accelerated” phase when the loss of integrity of the interstitial matrix proceeds beyond a
critical threshold. Interestingly, the same pathophysiological mechanism can be extended to
all forms of lung edema, the only difference being the time sequence of fragmentation of the
families of PGs. The initial degradation process involves the large matrix PGs in cardiogenic
edema, while in the lesional edema model, the initial process involves PGs of the basement
membrane. In the hypoxia lung edema model, both PGs families are involved [32]. A further
peculiar feature of lung edema is that it develops in a patchy way, thus revealing regional
differences in the efficiency of control of extravascular water volume. These differences have
been recently documented in a hypoxic edema model [30] and the hypothesis was put
forward that alterations in the geometry of the microvascular-alveolar design might favor an
imbalance in interstitial fluid dynamics.

6. Clinical considerations

Post operative or post traumatic fluid retention represents a frequent clinical result of the
reaction to surgical stress or injury and frequently is underestimated. In clinical practice this
condition is not always emphasized and assessed. Because it may show several clinical
manifestations, it is not always clinically evident and may be asymptomatic. The incidence
of postoperative edema is common, affecting up to 40% of patients [36], and a similar
incidence is reported in patients managed in the intensive care unit after surgery [37].
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Indeed edema is a frequent manifestation of fluid retention and it is not easily recognized
because fluids collect in a dependent position. Furthermore, often, fluid retention, i.e. edema
formation and weight gain, even if reported , are not overall considered a marker of
impending complications. Even in our previous manuscripts the we did not reported any
information on the presence of post operative fluids retention [38,39,40]

This condition has been thoroughly investigated only in the last two decades. Fluids i.e.
water and sodium retention have several clinically important consequences. The increase of
water in the interstitial space leads to tissue edema, affecting several organ systems. In the
gut wall it impairs motility, prolonging gastric emptying times and predisposing the
patients to postoperative ileus [41]. Peripheral edema may impair mobility, the hydrostatic
pressure exerted on tissue microvasculature harm tissue perfusion and oxygenation slowing
down wound healing and predisposing to wo und infection, dehiscence, or anastomotic
breakdown [42].

However this condition is associated with a worse prognosis. After major abdominal
surgery a weight gain of 3-6 kg is typical and associated with increased morbidity including
prolonged ileus, sepsis and delayed recovery time [41,42,43]. Lowell et al. showed a weight
gain of more than 10% in >40% of patients admitted to the intensive care unit after major
surgery and this increase of body weight, representing interstitial edema, correlated
strongly with mortality [37].

After thoracic surgery and particularly af ter major pulmonary resections, besides the
activation of the stress response to the surgical injury [4] several factors may induce pooling
of water in the lung interstitium. It may be ex plained by the volume and the type of fluids
administered during the surgical procedure, hypoxia, blood loss, the anaesthesia effects [44],
one-lung ventilation [45] and lung manipulati on. In this setting the incidence of post-
pneumonectomy pulmonary edema may be as high as 12—15% [45]; and this condition may
be very dangerous because the irease of extra-vascular lung water can severely impair gas
exchange and oxygenation.

Indeed a cornerstone to prevent and treat the reaction to stress of patients in the operating
room and in the immediate postoperative period is appropriate types of fluid and volume
therapy. In this setting, in clinical practice sometimes an exact determination of fluid balance
may be cumbersome and independent risk factors for an increased need for peri-operative
fluid replacement are advanced age, diabetes mellitus, chronic obstructive pulmonary
disease, and chronic renal failure, so minimizing interstitial fluid accumulation in these
patients is particularly important.

The British Consensus Guidelines on Intravenous Fluid Therapy for Adult Surgical Patients’
[46] reported that the most reliable method to estimate fluid balance in surgical patients is
considered daily weighing, with fluid replacement being based on clinical observation of
fluid loss. But daily fluid balance may be inaccu rate due to “perspiratio insensibilis”, poor
quantitation of oral fluid intake and/or urine collections [3].
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Fluid loss from insensible perspiration also is often overestimated in many patients,
although loss of only 1 ml/kg per hour occurs ev en when the abdominal cave is opened [47].
Daily weighing may be cumbersome in clinical pr actice, not so accurate as expected or even
unfeasible in the early PODs due to the presence of chest drains and difficulties in
maintaining an upright position. Furthermore this measure do not include a determination
of the capillary permeability and postoperative fluid retention is reported despite fluid-
restriction regime. Undoubtedly, there are other factors, not sufficiently investigated, that
could cause this event [3].

Urine production and insensible perspiration are physiologically replaced by free water
absorbed from the gastrointestinal system and primarily affect the extravascular space, if
they are not pathologically increased. Because the physiologic replacement is limited in
fasted patients, it has to be compensated artificially by infusing crystalloids. During
surgery, trauma or septic shock additional fl uid loss (blood loss, vascular leakage) affects
mainly the intravascular compartment [48]. Cons equently, the first type of fluid loss is
attenuated by slow redistribution between intr acellular, interstitial, and intravascular space
and causes dehydration, whereas the second type of loss leads to acute hypovolemia. [21]

Preoperative hypovolemia after an overnight fa sting period, as reported [49,50], cannot be
explained by the considerations above and doesnot occur regularly in all patients [51]. Fluid
reloading is unjustified, at least in cardiovascular healthy patients before low-invasive
surgery [51]. Mediated by increased liberation of atrial natriuretic peptide, undifferentiated
fluid loading can cause glycocalyx degradation, increase vascular permeability, promote
tissue edema formation and therefore may constitute a starting point of the vicious circle of
vascular leakage and organ failure [52].

Several facts support the concept that parts of intra-operatively administered fluids are
redistributed into the interstitial and intracellular spaces, and undergo reabsorption in the
postoperative period [12]. As shown by blood volume measurements, major surgery causes
a deficit of 3-6 liters in the perioperative fluid balance. The peak even persists up to 72 hours
after trauma or surgery. The common explanation for this phenomenon is a fluid shift into
the so-called third space [53,54].

Physiologic fluid shifting from the vessel toward the interstitial space across an intact
vascular barrier contains only small amounts of proteins. It does not cause interstitial edema
as long as it can be quantitatively managed by the lymphatic system [13]

The transpulmonary thermodilution is an invasive method that allows the estimation of of
extravascular lung water (EVLWI) and the extent of capillary leak and fluid overload
[55,56]; this technique requires a central venas catheter and a thermistor-tipped arterial
thermodilution catheter (Pulsiocath 5F) inserted into the femoral artery and attached to a
PiCCOplus® system (Pulsion Medical Systems, Munich, Germany). Therefore this
procedure is not feasible in all the surgical and intensive care units.

In clinical practice quantitative and non-invasive methods to estimate fluid retention could
be very useful to monitor patients susceptible of fluid compartmentalisation after major
surgery and early detection may reduce the risks associated with this condition.
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In our experience we investigated, following pulmonary lobectomy, fluid retention by the
methods commonly utilized to evaluate body fluids. We found a significant postoperative
weight gain, the mean increase in body weight was 2.7 kg ([1.9— 3.4]; p < 0.001] on
postoperative day 2.

Fluid balance was calculated from the day of operation up to the discharge. Bioimpedance
analysis(BIA)-derived parameters resistance(R) and reactance(Xc) is a reproducible, non-
invasive method, used in various clinical setti ngs to estimate total body water (TBW). It s
based on the different conductive and resistive properties when a small electric current is
applied to tissues in vivo [57]. Natriuretic peptides, B-type (BNP), are vasoactive hormones
involved in the regulation of blood pressure and volume homeostasis. Alterations in the
natriuretic peptide system have been described in several conditions associated with
abnormal regulation of body fluids and blood pressure control [58].

In our experience, the three methods used to assess fluid gain consistently showed a
significant fluid retention over the course of the study. BIA is a bed side tool allowing non-
invasive, early, informative and convenient assessment of fluid retention independent of
intake. The time course of BIA in our study is consistent with the results reported by Itobi et
al. following major abdominal surgery [36]. Besi des, as reported by the Danish Study Group
on Peri-operative Fluid Therapy [43], BIA is a more sensitive indicator of fluid overload than
body weight and clinical examination. In ou r patients, preoperative BNP was within the
normal range, whereas, in the postoperative observation, plasma BNP rapidly increased and
remained above the normal range for the whole study period as reported by several
Authors. Nojiri et al. [22]

7. Conclusion

Fluids compartmentalization in mammalians and its dynamics is an evolving topic for

several reasons. All subjects in biology, medical sciences and clinical practise finally come to
interface H20 balance. The basic research reggly moved important steps but this trend has

not been followed by applicative research yet. Such discrepancy shows the need of
investigation on novel techniques to translate into the clinical practice the ever greater
knowledge on body fluids. The possible app lication and measurement of extravascular
water in different systems and organs will possibly open scientific and clinical

opportunities. Some devices are already available but some less invasive, reproducible and
specific instruments have to be developed. Furthermore, among all the molecules that can
bring information on homeostasis, no specific one is so far recognized and further
investigations are thus required.

Author details

Lucio Cagini, Jacopo Vannucci and Francesco Puma
Thoracic Surgery Unit, Department of Surgical, Radiologic, and Odontostomatologic Sciences
University of Perugia, S. Maria dellslisericordia Hospital, Perugia, Italy



36 Current Concepts in General Thoracic Surgery

Michele Scialpi

Section of Diagnostic and Interventional Radiology, Department of Surgical, Radiologic, and
Odontostomatologic Sciences University of Peru8idylaria della Misericorid Hospital, Perugia,
Italy

8. References

[1] Kohl BA, Deutschman CS. The inflammatory response to surgery and trauma. Curr
Opin Crit Care. 2006 Aug;12(4):325-32.

[2] Cuthbertson DP: Post-shock metabolic response. Lancet 1942, , i: 433-447.

[3] Cagini L, Capozzi R, Tassi V, Savignani C, Quintaliani G, Reboldi G, Puma F: Fluid and
electrolyte balance after major thoracic surgery by bioimpedance and endocrine
evaluation. European Journal of Cardio-thoracic Surgery 40 (2011) e71—e76.

[4] Holte K, Sharrock NE, Kehlet H. Pathophysiology and clinical implications of
perioperative fluid excess. Br J Anaesth 2002;89:622—32.

[5] P, Hall GM. Cytokines in anaesthesia. Br J Anaesth. 1997 Feb;78(2):201-19.

[6] Walsh SR, Tang TY, Farooq N, Coveney EC, Gaunt ME: Perioperative fluid restriction
reduces complications after major gastrointestinal surgery. Surgery. 2008 Apr;
143(4):466-8.

[7] M. G. Davies, P.-0. Hagen. Systemic inflammatory response syndrome. British Journal
of Sugery 1997,84, 920-935.

[8] Moore FD, Olsen KH, McMurrey JD. The body cell mass and its supporting
environment. Philadelphi a: WB Saunders; 1978.

[9] Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peterson E,
Tomlanovich M: Early goal-directed therapy in the treatment of severe sepsis and septic
shock. The New England journal of medicine 2001, 345(19):1368-1377.

[10] Desborough JP. The stress response ttrauma and surgery. Br J Anaesth 2000;85:109—
17.

[11] Lobo DN, Macafee DA, Allison SP. How perioperative fluid balance influences
postoperative outcomes. Best Pract Res Clin Anaesthesiol 2006;20:439—55.

[12] Rosenthal MH. Intraoperative fluid management-what and how much? Chest
1999;115(5 suppl.):106S—12S.

[13] Strunden MS, Heckel K, Goetz AE, Reuer DA. Perioperative fluid and volume
management: physiological basis, tools ard strategies. Ann Intensive Care. 2011 Mar
21;1(1):2.

[14] Pries AR, Kuebler WM: Normal endothel ium. Handb Exp Pharmacol 2006, 1:1-40.

[15] Pries AR, Secomb TW, Gaehtges P: The endothelial surface layer. Pfluger Arch 2002,
440:653-66.

[16] Rehm M, Haller M, Orth V, Kreimeier U, Jacob M, Dressel H, Mayer S, Brechtelsbauer
H, Finsterer U: Changes in blood volume and hematocrit during acute preoperative



The Acute Stress Reaction to Major Thoracic Surgery 37

volume loading with 5% albumin or 6% hetast arch solutions in patients before radical
Hysterectomy. Anesthesiology 2001, 95:849-56.

[17] Chappell D, Jacob M, Hofmann-Kiefer K, Bruegger D, Rehm M, Conzen P, Welsch U,
Becker BF: Hydrocortisone preserves the vasclar barrier by protecting the endothelial
glycocalyx. Anesthesiology 2007, 107:776-84.

[18] Rehm M, Bruegger D, Christ F, Conzen P, Thiel M, Jacob M, Chappell D, Stoeckelhuber
M, Welsch U, Reichart B, Peter K, Becker BF: Shedding of the endothelial glycocalyx in
patients undergoing major vascular surgery with global and regional ischemia.
Circulation 2007, 116:1896-906.

[19] Chappell D, Westphal M, Jacob M: The impact of the glycocalyx on microcirculatory
oxygen distribution in critical illness. Curr Opin Anaesthe siol 2009, 22:155-62.

[20] Bernfield M, Gotte M, Park PW, Reizes O, Fitzgerald ML, Lincecum J, Zako M:
Functions of cell surface heparan sulfate proteoglycans. Annu Rev Biochem 1999,
68:729-77.

[21] Bruegger D, Jacob M, Rehm M, Loetsch M, Welsch U, Conzen P, Becker BF: Atrial
natriuretic peptide induces shedding of endo thelial glycocalyx in coronary vascular bed
of guinea pig hearts. Am J Physidl Heart Circ Physiol 2005, 289:H1993-9.

[22] Nelson A, Berkestedt I, Schmidtchen A, Ljunggren L, Bodelsson M: Increased levels of
glycosaminoglycans during septic shock: relation to mortality and the antibacterial
actions of plasma. Shock 2008, 30:623-7.

[23] Schrier RW, Wang W: Acute renal failure and sepsis. The New England journal of
medicine 2004, 351(2):159-169.

[24] Guyton AC, Hall JE. Medical Physiology. Edises ed 2002, 442.

[25] Nagaishi C. Functional anatomy and histology of the lung. Baltimore: University Park
Press; 1972.

[26] Miserocchi, G. (2009). Mechanisms contrdling the volume of pleural liquid and
extravascular lung water. Eur Respir Rev, Vol. 18, pp. 244-52.

[27] Conforti, E., Fenoglio, C., Bernocchi, G, Bruschi, O. & Miserocchi, G. (2002).
Morphofunctional analysis of lung tissue in mild interstitial edema. Am J Physiol (Lung
Cell Mol Physiol), Vol. 282, pp. L766-L774.

[28] Roberts, C.R., Wight, T.N. & Hascall, V.C. (1997). Proteoglycans. In: The LUNG
scientific foundations., Crystal, R.G. West, JB., Weibel, E.R. & Barnes, P.J. pp. 757-767,
Lippincott-Raven Pub, New York.

[29] Miserocchi G, Beretta E. (2012) Pathophysilogy of Extravascular Water in the Pleural
Cavity and in the Lung Interstitium After Lung Thoracic  Surgery. Topics in Thoracic
Surgery, Prof. Paulo Cardoso (Ed.), ISBN: 978-953-51-0010-2, InTech.

[30] Rivolta, 1., Lucchini, V., Rocchetti, M., Kolar, F., Palazzo, F., Zaza, A. & Miserocchi, G.
(2011). Interstitial pressure and lung oedema in chronic hypoxia. Eur Respir J Vol. 37,
pp. 943-949.

[31] Negrini, D. (1995). Pulmonary microvascular pressure profile during development of
hydrostatic edema. Microcirculation, Vol. 2, pp. 173-180.



38 Current Concepts in General Thoracic Surgery

[32] Miserocchi G, Negrini D, Passi A, et al. Development of lung edem a: interstitial fluid
dynamics and molecular structure. News. Physiol Sci 2001; 16: 66—71.

[33] Balducci C, Lilli C, Stabellini G, Marinucci L, Giustozzi G, A Becchetti A, Cagini L, Locci
P. Human desmoid fibroblasts: matrix metalloproteinases, their inhibitors and
modulation by Toremifene BMC Cancer. 2005; 5: 22.

[34] Lilli C, Marinucci L, Bellocchio S, Ribatti D, Balducci C, Baroni T, Cagini L, Giustozzi G,
Locci P. Effects of transforming growth factor-betal and tumour necrosis factor-alpha
on cultured fibroblasts from skin fibroma as modulated by toremifene. Int J Cancer.
2002 Apr 20;98(6):824-32.

[35] Locci P, Bellocchio S, Lilli C, Marinucci L, Cagini L, Baroni T, Giustozzi G, Balducci C,
Becchetti E.  Synthesis and secretion otransforming growth factor-betal by human
desmoid fibroblast cell line and its modulation by toremifene. J Interferon Cytokine
Res. 2001 Nov;21(11):961-70.

[36] Itobi E, Stroud M, Elia M. Impact of oede ma on recovery after major abdominal surgery
and potential value of multifrequency bioimpedance measurements. Br J Surg
2006;93:354—61.

[37] Lowell JA, Schifferdecker C, Driscoll DF, Benotti PN, Bistrian BR. Postoperative fluid
overload: not a benign problem. Crit Care Med 1990;18:728—33.

[38] Puma F, Capozzi R, Daddi N, Ragusa M, Cajini L, Quintili A, Vannucci J. Experience
with the autologous pulmonary vein for pulm onary arterioplasty. Eur J Cardiothorac
Surg. 2011 Sep;40(3):e107-11. Epub 2011 Jun 15.

[39] Cagini L, Vannucci J, Scialpi M, Puma F.Diagnosis and Endovascular Treatment of an
Internal Mammary Artery Inju ry. J Emerg Med. 2012 May 10.

[40] Ragusa M, Vannucci J, Cagini L, Daddi N, Pecoriello R, Puma F. Left main bronchus
resection and reconstruction. A single instit ution experience. J Cardiothorac Surg. 2012
Apr 10;7:29.

[41] Lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ, Allison SP. Effect of salt and
water balance on recovery of gastrointestinal function after elective colonic resection: a
randomised controlled trial. Lancet 2002;359:1812—38.

[42] Brandstrup B. Fluid therapy for the surgical patient. Best Pract Res Clin Anaesthesiol
2006;20:265—83.

[43] Brandstrup B, Tgnnesen H, Beier-Holgersen R,Hjortsg E, @rding H, Lindorff- Larsen K,
RasmussenMS, LanngC,Wallin L, Iversen LH,GramkowCS,Okholm M, Blemmer T,
Svendsen PE, Rottensten HH, Thage B, Riis], Jeppesen IS, Teilum D, Christensen AM,
Graungaard B, Pott F, Danish Study Group on Perioperative Fluid Therapy. Effect of
intravenous fluid restriction on post- oper ative complications: comparison of two
perioperative fluid regimens: a randomized assessor-blinded multicenter trial. Ann
Surg 2003;238:641—8.

[44] Slinger P. Post-pneumonectomy pulmonary edema: is anaesthesia to blame? Curr Opin
Anaesthesiol 1999;12:49—54.



The Acute Stress Reaction to Major Thoracic Surgery 39

[45] Jordan S, Mitchell JA, Quinlan GJ, Goldstraw P, Evans TW. The pathogen- esis of lung
injury following pulm onary resection. Eur Respir J 2000;15:790—09.

[46] Powell-Tuck J, Gosling P, Lobo DN, Allison SP, Carlson GL, Gore M, Lewington AJ,
Pearse RM, Mythen MG. British Consensus Guidelines on Intravenous Fluid Therapy
for Adult Surgical Patients (GIFTASUP). Lon- don: NHS National Library of Health.
http://www.ics.ac.uk/downloads/ 2008112340 _GIFTASUP%20FINAL_31-10-08.pdf.

[47] Lamke LO, Nilsson GE, Reithner HL: Water loss by evaporation from the abdominal
cavity during surgery. Ac ta Chir Scand 1977, 413:279-84.

[48] Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M: A Rational approach to
perioperative fluid management. Anesthesiology 2008, 109:723-40.

[49] Larsen R: Anasthesie. Minchen: Utban & Fischer Elsevier GmbH; 2008.

[50] Rossaint R, Werner C, ZwiRller B: Die Anashesiologie. Heidelberg: Springer Medizin
Verlag; 2008.

[51] Jacob M, Chappell D, Conzen P, Finsterer U, Rehm M: Blood volume is normal after
preoperative overnight fasting. Acta Anaesthesiol Scand 2008, 52:522-9.

[52] Kamp-Jensen M, Olesen KL, Bach V, Schitten HJ, Engquist A: Changes in serum
electrolyte and atrial natriuretic peptide concentrations, acid-base and haemodynamic
status after rapid infusion of isotonic sali ne and Ringer lactate solution in healthy
volunteers. Br J Anaest 1990, 64:606-10.

[53] Rehm M, Orth V, Kreimeier U, Thiel M, Mayer S, Brechtelsbauer H, Finsterer U:
Changes in blood volume during acute normovolemic hemodilution with 5% albumin
or 6% hydroxyethylstarch and intraoperative retransfusion. Anaesthesist 2001, 50:569-
79.

[54] Rehm M, Orth V, Kreimeier U, Thiel M, Haller M, Brechtelsbauer H, Finsterer U:
Changes in intravascular volume during acute normovolemic hemodilution and
intraoperative retransfusion in patients with radical hysterectomy. Anesthesiology
2000, 92:657-64.

[55] Sakka SG, Ruhl CC, Pfeiffer UJ, Beale R, McLuckie A, Reinhart K, Meier- Hellmann A:
Assessment of cardiac preload and extravascuar lung water by single transpulmonary
thermodilution. Intensive care medicine 2000, 26(2):180-187.

[56] Phillips CR, Chesnutt MS, Smith SM: Extravascular lung water in sepsis associated
acute respiratory distress syndrome: indexing with predicted body weight improves
correlation with severity of illness and surviv al. Critical care medicine 2008, 36(1):69-73.

[57] Ackland GL, Singh-Ranger D, Fox S, McClaskey B, Down JF, Farrar D, Sivaloganathan
M, Mythen MG. Assessment of preoperative fluid depletion using bioimpedance
analysis. Br J Anaesth 2004;92:134—6.

[58] Maisel AS, Krishnaswamy P, Nowak RM, McCord J, Hollander JE, Duc P,Omland T,
Storrow AB, Abraham WT,Wu AH, Clopton P, Steg PG,Westheim A, Knudsen CW,
Perez A, Kazanegra R, Herrmann HC, McCullough PA, Breathing Not Properly
Multinational Study Investigators. Rapid measurement of B-type natriuretic peptide in
the emergency diagnosis of heat failure. N Engl J Med 2002;347:161—7.



40 Current Concepts in General Thoracic Surgery

[59] Nojiri T, Maeda H, Takeuchi Y, Funakoshi Y, Kimura T, Maekura R, Yamamoto K,
Okumura M. Predictive value of B-type natriuretic peptide for postoperative atrial
fibrillation following pulmonary resection for lung cancer. Eur J Cardiothorac Surg
2010;37:787—91.



oo™ e %0SS %o «ES

1. Introduction

Improvement in health care has lead to increased life expectancy through the chronicization
of formerly fatal diseases. On the other hand, increasing duration of exposure to risk factors
means that the incidence of lung cancer increass in proportion to age, and is actually the
first cause of death for malignancy in the world.

Consequently, a growing number of very elde rly people, aged 80 or more, are presenting
with a resectable lung tumour. The increased prevalence of cardiovascular and pulmonary
comorbidity and consequently poor performance status often make patients unfit to
surgery, which remains the treatment of choice for early stages Non-Small Cell Lung Cancer
(NSCLC) [1, 2]. Increasing age is often associted with lower likelihood of treatment and
more liberal use of radiation therapy than of surgery [3].

1.1. Background

In a recent paper Janssen and Kunst found thatin 2050 predicted life expectancy for people
reaching 80 years will be 9.16 years for ma& and 12.65 for women [4], which clearly
overcome the prognosis of lung cancer. Therefore, cancer-related mortality will likely have a

even more great impact on octogenarians survival.

Although several studies have shown that long term survival after surgery can be achieved
in a significant proportion of octogenarians. However the minimal prognosis of untreated or
palliated early stage lung cancer (1.5 years) forces to go beyond palliative cares [5].

Recently, even more Authors reported results after surgery in very elderly patients:
unfortunately many studies consist of retrospective, non-randomized studies on small
number of patients making difficult to define risk factors for complications and mortality.

I NT E C H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited.



42 Current Concepts in General Thoracic Surgery

Considering the improvement in preoperative fu nctional assessment, amesthetic care, pain
relief, postoperative facilities and modern surgical techniques, it is possible that more
octogenarians could be successfully operated, but an accurate selection of patients is
mandatory to avoid excessively high incidence of complications and mortality. Moreover long
term results such as respiratory function and quality of life (QOL) is as well as important in
decision making process to schedule or deny surgery: even less data are available in this field,
particularly comparing surgery to medica | therapies (chemo- and radiotherapy).

Established that surgery is undoubtedly the best therapy for early stage lung cancer to date,
especially in terms of local control of disease, this chapter aims to analyse short
(complications, mortality) and long-term (res piratory function) of very elderly people.
Analysing results in a large cohort of patients and reviewing literature we try to suggest
proper selection criteria to surgery in these patients, considering risk/benefit of alternative
treatment modalities.

2. Report of a single institution experience

My colleagues and | reported some years ago ou results in a large series of octogenarians
consecutively operated on between Janwary 1990 through December 2005 [6]. Life
expectancy in the province is greater than the national average and octogenarians have
always represented a significant percentageof patients with resectable lung cancer.

2.1. Material and methods

The lung cancer database of a single centre (Thoracic Surgery Unit at the University
Hospital of Siena) was retrospectively reviewed to identify all patients aged >= 80 years who
underwent lung resection for NSCLC with curative intent in the period considered above.
We tried to limit the period of study to 1990, mainly because the very few octogenarians
treated before 90’s and secondly to eliminate biasdue to patients selection, clinical staging
and functional assessment through decades.

All patients were extensive evaluated throughout medical history, physical examination,
routine blood tests, electrocardiogram, echocardiography, blood gas analysis, spirometry
and calculation of diffusion capacity of the lung for carbon monoxide (DLCO). Second level
tests were performed when indicated: cardio-respiratory test and/or lung perfusion
scintigraphy in case of poor pulmonary func tion at basal spirometry (predicted post-
operative FEV1% less than 40%, computed onthe basis of pulmonary segments to be
removed); cardiac stress tests and eventually coronary angiography were performed in
presence of clinical symptoms of angina pectoris, significant ischemic signs at basal
electrocardiogram, or segmental cardiac discinesia at basal echocardiography.

Clinical staging was based on chest CT-scanpronchoscopy, CT-scan of chest, abdomen and
brain and bone scintigraphy. Mediastinoscopy wa s electively performed in case of enlarged
mediastinal lymphnodes at CT scan (short axis > 1 cm) with irregular pattern of post-
contrast perfusion. PET was not routinely used due to unavailability in the hospital of Siena
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but was performed in the last seven consecutive patients resulting positive only in the site of
primary tumour. Whenever possible, a preo perative diagnosis was done, even by
transpleural methods (Fine Needle trans-thoracic Aspiration - FNA).

Indication to surgery was established on the basis of features of disease (determining
resectability), and features of the patient (determining operability). Efforts spent to achieve
accurate preoperative staging were finalized to select early clinical stages (I-11). Operability
of the patients was judged in a multidisciplinary setting including pneumologist and
anaesthesiologist. Decision was based on funtional status and comorbidities: we did not
considered an age-limit as a contraindication per se to surgery. Our surgical policy favoured
lobectomies over sublobar resections and whenever possible we tried to avoid
pneumonectomy. Sublobar resection was preferred by the attending surgeon in case of poor
respiratory function and/or severe cardiova scular comorbidities, and was considered a
compromise:; anatomical segmentectomies were however preferred to wedge resections and
were considered adequate for stage | peripherally located tumours.

None of the patients received neoadjuvant therapy for at least two reasons: first, patients in
advanced clinical stages (lll or IV) were denied to surgery in favour of low dose chemo or
radiation therapy and best supportive care; second, postoperative risk of major lung
resection after induction chemotherapy was judged excessively high in such patients

Adjuvant therapy was administered in case of unforeseen lymph nodal disease or residual
disease. Radiotherapy was preferred, although 4 patients in very good health conditions
could tolerate chemotherapy.

Postoperative complications were classified as minor (non life-threatening) or mayor
(potentially life-threatening), according to gravity of the disease and its mortality in
literature and in our population.

Data recorded included demographic and clinical features of population (gender, age,
smoking history, performance status, preoperative pulmonary function tests, comorbidities,
use of induction therapies), as well as perioperative data (type of lung resection, operative
mortality - defined as death within 30 days from surgery or during the same hospitalization,
complications, length of in-hospital stay, admissi on to ICU, histology, pathologic stage and
the use of adjuvant therapy.

Follow up included total-body CT scan and serum cancer markers every 6 months for first 2
years, then chest CT scan every 12 months urit the fifth years. Bronchoscopy and recently,
PET-scan were performed only in case of sispected local or distance recurrent disease.

Deaths included all causes but we differentiated only cancer and non-cancer related deaths.

Binary logistic regression analysis was used to discriminate independent risk factors for
mayor complications and 30-days mortality afte r surgical resection. Long term survival
curves were computed by the Kaplan-Meier method and compared with Log-rank test. Cox
regression analysis was used to determine sigrficance of prognostic factors for long term
survival.
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2.2. Results

In the period considered, 96 octogenarians affected by NSCLC underwent surgery with
curative intent (5.6% of 1711 lung resectims performed during the same period).

Over the years an increase of percentage obctogenarians having a pulmonary resection for
NSCLC was observed (from 2.7% in 1990 to 14% in 2005): it reflects the considerations
expressed above and it is likely that there will be a growing trend of such percentages in
next years.

Population was predominantly male (84), with age ranging from 80 to 89 (median, 82 years).

Data of population is shown in Table I: some of the data are worthy of note: almost all
patients (90%) had a history of cigarette smoking with 40 median pack-years and almost half
of them (48.9%) presented comorbidities, mainly cardiopulmonary. Thirteen patients had a
history of coronary artery disease, defined as a history of prior myocardial infarction, prior
coronary stenting or by-pass or angina pectoris. Despite this percentages, almost all the
octogenarians (94 — 97.9%) were Eastern Cooperative Oncology Group (ECOG) status O or 1.

The surgical procedures performed included 59 standard lobectomies, 4 extended
lobectomies, (one upper sleeve lobectomy, 3 en block chest wall resections), 13 wedge
resections (2 performed by VATS), 9 pneumonectomies, 7 segmentectomies and 4
bilobectomies. Patients with pO2<65 mmHg or a pCO2 >45 mmHg and/or MVV or an FEV1<

50% of predicted were scheduled for sublobar resection.

The histological examination of the resected specimens revealed NSCLC in all patients: one
of the aims of preoperative histological biop sy was to exclude histology with proven poor
survival (small-cell carcinoma).

Regarding pathologic stage, 61 (63,5%) patientswere confirmed to be in stage IA or IB:
concordance with clinical staging was not so high but it should be taken into account
unavailability of modern diagnostic tools for staging. Adjuvant chemotherapy was
administered in 6 patients and radiotherapy in 2 patients due to unforeseen pathological N2
disease or unexpected residual microscopic disease.

One or more complications developed in 42 patients for a total morbidity of 44%. Five
patients suffered multiple complications. Mayor complications lead to death 9 of 17 patients
(52.9%) resulting in an overall mortality rate of 9.4% (Table 2).

The median postoperative hospitalization was 8 days, not significantly longer than in
younger patients (7 days) although 7 patients were discharged after more than 2 weeks.
Eighty patients (83%) were discharged home without need of further rehabilitation; only 10
patients (9.6%) were discharged to a convalescent care facility.

It must be underlined that no patient suffere d permanent or prolonged disability after lung
resection although post-thoracotomy pain syndrome was present in a small percentage after
several months (14% after 1 year), causing significant discomfort.
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Mean age (years)

Sex (M/F)

Smokers

Comorbidities

> 1 comorbidity

Respiratory parameters
FEV1 (% of predicted)

CO diffusion (% of predicted)
Pa0O2 (mm Hg)

Pathological stage

I

I

[

V8

Surgical procedure
Lobectomy

Sublobar resection
Pneumonectomy

Extended resection
Bilobectomy

En-bloc resection with chest wall
Histology

Adenocarcinoma
Squamous cell carcinoma
Adenosquamous carcinoma
Large cell carcinoma
Comorbidities

Coronary artery disease*
Chronic obstructive pulmonary disease
Vascular disease

Diabetes mellitus

Chronic atrial fibrillation
Heart valve disease

Kidney failure

815+ 1
84/12

86 (90%)
47 (49%)
13 (13.5%)

75.8% *+ 16.2%
76.5% + 20.7%
75.1+11.4

61 (63.5%)
17 (17.7%)
17 (17.7%)
1 (1%)

68 (70.8%)
19 (19.8%)
9 (9.4%)

4 (4.2%)
3 (3.1%)

42 (43.8%)
48 (50%)
2 (2.1%)
4 (4.2%)

13 (13.5%)
19 (19.7%)
13 (13.5%)
8 (8.3%)

4 (4.1%)

3 (3.1%)

1 (1%)

FEV: = forced expiratory volume in 1 s.
* N2 disease in 12 cases and T3NL1 disease in 5 cases
§ contralateral pulmonary metastasis

Demographic, clinical, and pathological data of patients
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Major complications N. (%) 30-day mortality (%)
Respiratory failure 3
ARDS 3 3
Broncho-pleural fistula 2 2
Cardiac failure 2 1
Kidney failure 1
Pneumonia 1 1
Pulmonary embolism 1
Stroke 1 1
Pulmonary edema 1
Hematemesis 1
IMA 1 1
17 (17,7) 9(9)

Major complications rate and mortality

Using binary logistic regression analysis, among the pre- and peri-operative covariates
analyzed, we found that resection of more than 1 lobe (p=0.008), cardio-respiratory
comorbidity (p=0.042), Pa02<75 mmHg (p=0.029) and DLCO<60% (p=0.023) were predictive
of major complications with the first risk fa ctor predicting 30-day mortality too (p=0.01).
Detailed results are reported in Table 3 and 4.

Covariate RR 95% ClI p
Extended resection* 10.5 1.9-59.7 0.008
Comorbidity 5 1.06-24 0.042
FEV1 < 60% 0.45 0.08-2.5 0.36
CO diffusion < 60% 6.24 1.2830.37 0.023
Pa02 < 75 mm Hg 5.42 1.1924.65 0.029
Age 0.7 0.46-1.04 0.076
Sex 0.17 0.014-2.21 0.18

*Bilobectomy, pneumonectomy, or en-bloc chest wall resection. Cl = confidence interval, FEVi = forced expiratory
volume in 1 s, RR = relative risk.

Predictors of major postoperative complications

Covariate Value RR 95% ClI p
Extended resection 12.96 1.8590.89 0.01
Comorbidity 6.69 0.69-64.69 0.1
FEV1 < 60% 1.59 0.2-12.87 0.66
CO diffusion < 60% 3.97 0.52-30.61 0.18
Pa0z < 75 mm Hg 1.08 0.18-6.36 0.93
Age 0.78 0.47-1.31 0.36
Sex 1.15 0.08-17.36 0.91

Predictors of 30-day postoperative mortality
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At the mean follow-up of 42 months (range 8 months to 12 years), 46 (47.9%) patients were
alive and 50 (52%) had died

It was surprising that, despite the advanced age, the majority of patients (29/50, 71%) died of
cancer, either by local recurrence or distant metastasis.

The 5-year survival rate was significantly different between stage | and stage 1l (60%vs14%,
p<0.001) and between stage Il and stage Il (42%vs14%, p=0.046). There was no statistical
difference in 5-year survival rate between stage | and stage Il (p=0.39). The overall 3- and 5-
year survival rates were 51% and 34%, respectively, with a median survival of 3.7 years
(95% ClI, 2.7 to 4.6 years) (Figure 1).

Actuarial survival according to pathological stage.

Using the Cox proportional hazard model of mult ivariate analysis, only pathological stage
of disease resulted as an independent predictor of long term survival (p=0.003): stage Il or
more carries a relative risk of 4.2 to die of disease (Table 5).

Covariate RR 95% ClI p
Pathological stage (lI-11l Vs I) 4.2 1.7410.46 0.001
Extended resection 1.2 0.37-3.6 0.81
Comorbidity 16.4 1.1-237.5 0.38
FEV1 1 0.97-1.03 0.87
DLCO 1 0.98-1.02 0.56
Pa0: 0.95 0.95-1.2 0.295
Age 0.97 0.79-1.2 0.81
Sex 0.61 0.17-2.2 0.44

Predictors of long-term survival
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2.3. Interpretation of results

Although recent studies have demonstrated acceptable long term survival after lung cancer
surgery in octogenarians [7, 8, 9, 10], elderly patients are less likely to have surgical resection
[4], because advanced age is an important rék factor for postoperative complications and
death, [1, 2]. In fact, despite an improvement in early outcome in the past ten years, the risk
of life-threatening complications for octogenarian s remains variable: Harvey et al., reported
a 1.6% risk in patients 70-79 years old comparedto a 17.6% rate in octogenarians [11] and
Naunheim et al. [12] reported that even within the octogenarians, increasing age was a
negative factor.

The 9.4% operative mortality observed in this series is similar to other reports covering the
same time period [13] but was exceedingly higher in patients who required an extended
resection (more than one lobe or chest wall andlung en bloc resection), as found also by
other Authors. [14, 15].

The mortality rate after pneumonectomy and even after bilobectomy was remarkable: 22%
and 25%, respectively: it is well known that op erative mortality is substantial in elderly
people having extended resection, especially right sided pneumonectomy, with mortality
exceeding 20% [1, 16, 17]. Besides, the Britishoracic Society noted that pneumonectomy is
associated with a higher mortality risk in th e elderly and that age should be a factor in
deciding suitability for pneumonectomy.

These results convinced us to consider for surgcal operation only octogenarians with lung
cancers amenable to be resected by lobectomy. In addition, also pulmonary resections
combined with en bloc chest wall removal shou ld be avoided since they carry an increased
mortality rate as previously reported by [2, 18]. The mortality rate was instead acceptable
after standard lobectomy (8.4%, result in line with those reported in literature) and was null
after wedge resection or segmentectomy.

We observed 17 major complications (mainly cardiopulmonary) in 16 patients, and is note
worthy that they lead to death in more than half of the cases (9/17, 52.6%).

Cardiac complications developed frequently du ring the postoperative period. All patients
had an echocardiogram but exercise stress teshg was only executed in case of symptomatic
angina, history of infarction or ECG abnormalities. The efficacy and cost-effectiveness of
exercise stress testing or dipyridamole thalliu m scan as screening tests is controversial, but
probably we should use a lower threshold for th ese second- and third-level investigations in
the octogenarians. When they result positive, it is useful to proceed to coronary angiography
because patients found to have significant coronary lesions amenable to angioplasty, can be
successfully operated on after 2 months (3 cases in our experience). On the other hand, if
coronary artery bypass surgery would be required, we prefer to manage the patient
nonoperatively with radiotherapy, because we believe that combined heart-lung surgery
carries an excessive risk in advanced age people [19].
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Long term survival is also of critical importance in this patient population with limited
natural life expectancy.

Our overall 5-year survival of 35% is consistent with that reported in similar series over the
past decade, with 5-year survival rates ranging from 16% to 55% [7, 8, 9, 10, 20, 21].

As expected pathologic stage was an indepencent prognostic factor for long-term survival
but, differently from previous studies in the octogenarians except for one [14], our survival
curves justify surgery also for patients with stage Il NSCLC, with 5-year survival rate of
42%. Survival in stage Il disease is uniformly very poor in all the series and is significantly
lower than in the younger counterparts, prob ably because a fewer percentage of older
patients are able to tolerate extended sugical procedures and complete multimodal
treatments. A recent report of Fanucchi and coll. reported a low 5-years survival: Authors
correctly recognized that it was due to unexpected high incidence of stage Il disease
because of inaccurateclinical staging [22].

The QOL and the level of independence after surgery should be a major component in the
decision-making process in the elderly.

We did not identify any prolonged disability an d the fact that nearly 80% of octogenarians
in this cohort were discharged directly to home suggests that most patients were able to
resume the preoperative lifestyle.

3. Lung volume reduction era and its importance in lung cancer surgery

In the late 1950s, Brantigan and co-workers werethe first to present the modern concept of
lung reduction for emphysema, th eorizing that by surgically re ducing lung volume, part of
circumferential pull upon the bronchioles coul d be restored, diaphragm could be brought
higher with more efficient functi on and size of the thoracic cage could be reduced, allowing
for better contraction of the intercostal muscles and ultimately reducing airflow obstruction
and relieving dyspnoea [23]. Further results confirmed efficacy of lung volume reduction
surgery (LVRS), with outcome improving parallel to refinement of selection criteria,
although long-term survival did not seem to be positively affected as symptoms and
pulmonary function.

Because lung cancer and emphysema share common risk factors, it is not surprising to find
that both conditions are often seen in the same individual as stated in the text. First papers
addressing combined adequate cancer resectio with volume reduction were published only
in 1998 and were based on very small series ofpatients (5 and 14): all of them did well
postoperatively and showed long term benefits in dyspnoea index, FEV1, and 6-minute
walk test [24, 25].

In the evaluation of patients candidate for surgery, spirometry is still considered the gold
standard: ppoFEV1% is the most powerful predictor of medical postoperative mortality and
morbidity as demonstrated by Kearney and coll. [26]. The second-level assessments as
inhalation-perfusion lung scintigraphy and cardio -respiratory exercise test may be useful in
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further evaluation of “critical” patients: howe ver, while they demonstrated valid predictors
of postoperative complications, they did not clearly show a higher accuracy than simple
ppoFEV1% obtained by calculation of broncho-pulmonary segments removed [27].

McKenna and coll. [28] reported in 1997 that improvement in poFEV1 % and dyspnoea score
was more evident in patients aged under 70, although the differences were not statistical

significant. A growing number of studies in th e recent years have reported an improvement
of respiratory function after lobectomy in some patients affected by COPD [29], or at least a
minimal impairment of respiratory functi on indicated by better apoFEV% (actual
postoperative) than ppoFEV1% (predicted postoperative)[30]. In such cases Authors have
hypothesized that lobectomy could have a lung volume reduction surgery (LVRS) effect

[31].

This data from literature suggested us that even elderly patients with less severe COPD
could get some benefit from resection of emphysematous parenchyma and therefore in the
decision making process that lead to schedule an octogenarian to lung surgery, additional
considerations should be made in evaluating respiratory function: not only preoperative
FEV1% but also ppoFEV1% could be inaccurate in some cases in predicting the real
postsurgical pulmonary function loss. Moreov er, other studies reported that abnormal
pulmonary function (FEV1%<60%) was not associaed with mortality [20, 7, 10], with only
first study reporting higher incidence of complications.

Curative surgery chance to octogenarians affected by emphysema and lung cancer is
therefore to be seriously considered.

4. Long term respiratory function in our series

A previous study conducted Thoracic Surgery Unit at University Ho spital of Siena on
patients who underwent pneumonectomy de monstrated that a lower preoperative
respiratory function was associated to a much lower loss after pneumonectomy [32]: these
data, together with some comforting results of bilateral LVRS procedures performed by
VATS in the same Institution, stimulated us to analyzed late variation of respiratory

parameters in the same cohort of octogenariars presented above. Results were published in
2011 [33].

4.1. Materials and methods

In order to analyze a subgroup as more homogeneous as possible, we considered only
patients with COPD (defined by a Tiffenau index < 0.7). Since sublobar resections
demonstrated to be well tolerated by elderly pa tients and resection of more than 1 lobe or
combined chest wall resection is not recommended (being associated to major complications
and in-hospital mortality) we limited analysis to standard lobectomy. Patients who received
adjuvant therapies (anyway a small number) and those who continued smoking were
excluded in order to eliminate bias. Spirometry was not routinely repeated at predetermined
time and it was decided to consider patients with spirometry executed after 12+3 months
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from surgery (in absence of local relapsing disease or exacerbationof COPD). Pulmonary
Function Test (PFT) were performed after bronchodilator inhalation in order to eliminate the

reversible component of airflow impairment Ou t of the 96 patients 24 fulfilled all inclusion
criteria and formed the population of the study.

Obviously removing non-functioning lung ti ssue does not affect pulmonary reserve,
however no patients presented atelectasis or olstructive pneumonia of lobe to be resected.

Predicted Postoperative FEV1% (ppoFEV1%) was computed not simply on the basis of
crude amount of segments to be resected: the attenuation value of lung parenchyma
(between -600 and -900 Houmsfield Unit) was used to compute the percentage of
functioning tissue resected and to correct the predicted-postoperative FEV1, as proposed by
WU et al [Wu 1994]. This method had been demonstrated to be a vald substitute of lung
perfusion scintigraphy, with a good correla tion of values found by the two methods
[Yoshimoto 2009]; however in patients with worst respiratory impairment (FEV1<60%) lung
perfusion scintigraphy was executed and used to compute ppoFEV1.

Roentgenographic pattern of emphysema (homogeneous Vs upper lobe) was established
according to criteria proposed by Goddard and coll. for CT-scan [34]; data were analyzed
using unpaired Student t-test for comparison of means of continuous variables between

groups, paired t-test was used to assess diffeences within groups between preoperative and

postoperative values.

4.2. Results

Patients were categorized into two groups (Group 1: moderate COPD; Group 2: mild COPD)
according to the Global initiative for chronic Obstructive Lung Disease (GOLD) criteria [35]:
Group 1 (G1) FEV1% < 80%; Group 2 (G2) FEV1%A 80%). The threshold value coincided
with median FEV1% of population, making the two groups equal in terms of number of
patients.

There was no difference in gender, age, patlologic stage, comorbidities and histology
between the two groups, nor in incidence of major complications (15% Vs 12% - p=0.72) and
postoperative ECOG status Considering the whol e population (96 patients) which this series
of patients came from, overall perioperative and in-hospital death was 6.5% in Group 1 and
11.5% in Group 2 (p=0.35).

Comparing preoperative and postoperative PFT values in both groups, FVC% and RV%,
showed significant variations. In G2 a signific ant loss in DLCO was registered. Interestingly
the FEV1% loss was statistically significant only in G2 (88.3 to 73.7, p<0.001): in G1 FEV1%
loss was much less remarkable, decreasing from a mean value of 67.8 to 59.1 (p=n.s.).

Variation of FEV1% between the two groups after surgery was -7.9% in Group 1 and -14.9%
in Group 2, showing a tendency to significan ce (p=0.17); also differences in FVC% between
the two groups were not remarkable (-13.3% in Group 1 and —6.7% in Group 2 — p=0.33).
DLCO% loss was much higher in G2 than in G1 (-22.5 Vs +1.5, p=0.001).
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Six patients showed an improvement of actual postoperative FEV1%, ranging from +1.5 to
+7.3 compared with the preoperative value. All of these patients had a preoperative FEV1%
lower than 60%, a homogeneous or upper lobe pattern emphysema as confirmed by both
CT-scan and/or lung perfusion scintigraphy (when available) and had undergone a upper

lobectomy. Type of lobectomy had no influence in FEV1% loss in G2 (upper lobectomy: -
14.5% - lower lobectomy: -15.6%, p=0.81), ast demonstrated to have in G1 (upper
lobectomy: +5.4% - lower lobectomy: -14.5%, p=0.05). (Figure 2).

Variations of FEV1% after surgery in the two groups (mean, standard deviation, range),
stratified for type of resection (upper Vs lower lobe)

Considering FEV1 as a continuous variable, linear regression analysis showed a significant
inverse correlations between preoperative value of FEV1% and FEV1 percentage loss after
surgery (B: -0.63, R: 0.46 — p<0.01), even though linea correlation does not represent
effectively the complex physiopathology follo wing lung resection in patients with
COPD/emphysema.

Blood gas tests reflected in some way the variaions of PFT parameters: in G1 the lower loss
in respiratory function resulted in not significant difference in PaO2, PCO2 and pH before
and after surgery. Conversely patients in G2 showed a significant PaO2 decrease after
surgery. No differences were found between the two groups at time of follow-up.

4.3. Interpretation of results: does LVRS effect act also in octogenarians?

Patients of this series obviously did not accomplish completely the criteria for LVRS and on
the other hand apical wedge resection (and not lobectomy) is the recommended surgical
option for lung volume reduction. Lobectomy implies removal of functioning lung tissue,

together with emphysematous one, and this can explain the significant FVC% loss in G1:
this is not observed after LVRS performed in properly selected candidates. However, some
physiological effects of LVRS remain and are responsible of the remarkable drop of RV%



Short and Long Term Results of Major lung Resections in Very Elderly People 53

and the not significant loss in FEV% after surgery in G1: DLCO showed a gain of +1.5 at
follow-up, probably due to more correct redistribution of ventilation and perfusion in lung
zones. Patients in G2 having better pulmonary function, had the major impairment (of
FEV1% and also DLCO%), because of the resewn of a major portion of functioning lung.
This results confirmed previous reports [36].

It must be noted that most of these studies report functional results after 1, 3 or 6 months: at

this time, the post-thoracotomy pain could be still present in some cases, maybe causing a
restrictive pattern and consequently a bias of the results [37]. In our series, all patients
received a postero-lateral muscle-sparing thoracotomy, reducing a possible factor

conditioning the amount of thoracic pain.

The functional advantage after an upper lobectomy than a lower lobectomy in patients with
higher airflow impairment (G1) probably simply reflects predominantly upper lobe
emphysema (as usual observed); however the same physiopatologic considerations should
be valid in any case of resection of more emphysematous - less functioning lung lobe
although no data can be provided supporting this consideration.

It should be kept in mind that PFTs are conditioned by patients collaboration and represent
a kind of “surrogate” of effort tolerance which do not necessarily correlate with values
measured at a single time. However postoperative global performance status and exercise
tolerance seemed to reach a similar level in both mild and moderate COPD patients (G1 and
G2), supporting the conclusion that differences in functional status are levelled after a major
lung resection.

Although some limitations due retrospective nature of the study, and possible presence of
bias such as the preoperative optimization of respiratory reserve through medications
and/or physical rehabilitation, we tried to select an homogeneous cohort of patients with
strict inclusion criteria in order to establish the pure effect of lobectomy after a long time,
enough to allow remodelling processes of lung and thoracic wall until the final steady
result. The inadequacy of sample size often did not allow to reach statistical significance in
some tests. Lung perfusion scintigraphy was not routinely performed, so we had to use CT-
scan estimation method as surrogateto obtain corrected ppoFEV1.

Finally the retrospective nature of the study it self implies that some patients were denied
surgery resulting, for example, in unavailability of data for patients with lower preoperative
FEV1 and homogeneous pattern of emphysema undergone to lower lobectomy, so the
benefit of upper lobectomy could be deducted only on physiological basis.

5. Surgery — RT

Since chemotherapy is not well tolerated by elderly people and yields very disappointing
results in local control of disease, radiation therapy (RT) has ever been considered the most
feasible and valuable therapeutic option in patients not fitting criteria for operability.
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Consequently, literature reports several series of patients treated with RT. In an old report
dated 1988, results on 50 patients not candidateto surgery with periph erally located stage |
NSCLC were analyzed: the overall response rae was 90%, with 50% complete responses in
tumors smaller than 4 cm, resulting in overall survival rates of 56% at 2 years and 16% at 5
years (median survival of 27 months). Complete responders (20/50) showed a remarkable 5-
years survival of 42% with 25% of local relapse of disease. On the contrary none of the
patients having a tumor greater than 4 cm was alive at 5 years. Results were favorable
compared to those of a group of 70 patients surgically resected (median survival of 23
months).

The same positive results were reported severalyears later in a larger series of 347 patients:
curiously, better results were achieved in elderly people (aged > 70), although the difference
was not significant, in terms of crude survival and disease-free surviv al [38]. Other Authors
reported worse results of RT compared to surgery, with 5-year survival rate of only 10 to
20% after curative intent radiotherapy [39].

Unfortunately, very few studies report results of surgery and RT in the same Institution,
most of them being retrospective and non-randomized.

Yendamuri compared overall survival afte r surgery (wedge resection) and three
dimensional conformation radiation therapy in a retrospective study on 160 patients with
early stage lung malignances unable to tolerate lobectomy. Propensity score-matched
analysis and cost assessments were performedo compare outcomes with both modalities.
Propensity matching was also performed to assure homogeneity between arms in terms of
gender, histology, tumor size, performance status, and age The most frequent long term
complications encountered were post-thoracotomy pain syndrome and radiation
pneumonia with pulmonary fibr osis. . Surgery arm showed atrend to improved outcome
towards radiotherapy one (57,1 months Vs 409 months), while mean cost of radiation
therapy ($32,735) was not statistically significantly different from surgery ($30,411).
Propensity matched analysis however failed to confirm a clear benefit of sublobar
pulmonary resections, and it could be explained by inadequacy of number of patients and
other bias (retrospective — not randomized trial, increased comorbidities of patients treated
with 3-D conformal radiation) [40].

In another smaller series of compromised patients (not suitable for lobectomy)
retrospectively reviewed (17 treated by sublobar resections, either segmentectomy or wedge
resection and 18 by radiation therapy alone) overall 5-years survival rates were 55% after
surgery and 14,4% after radiation therapy (p=0.004), without significant more complications
due to lung resections. The advantage in long-term survival was maintained even
considering only total or partial responders among patients treated with radiation therapy
(+18.8%, p=0.008). Even in thiseries complications reported did not differ between the two
treatment modalities (11.8 compared to 11.1) Local recurrence at margins of resection
occurred in 4 patients in which tumour diamet er was greater than 2 cm. Authors concluded
that surgery carries advantage over radiotherapy, especially for smaller lesions measuring
less than 2 cm [41].
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A prospective analysis of QOL after radical radiotherapy noted benefit on haemoptysis,
pain and anorexia, while cough, dyspnea and fatigue were poorly alleviated; also global
QOL responded poorly [42].

6. Novel perspective for management of lung cancer in octogenarians
6.1. Diagnosis — Staging

Histological proven diagnosis is significant less frequent in elderly: th is may reflect the poor
perceived fitness of withstand bronchoscopy, CT guided biopsy and other invasive
techniques [43].

Preoperative histopatological confirmation shou Id preferably be obtained in elderly people
to avoid unnecessary surgery for benign lesions or, to identify patients with poor prognosis
related histology (small-cell carcinoma, large-cell undifferentiated neuroendocrine
carcinoma).

Trans-thoracic Ultrasound or CT guided Fine Needle Aspiration was found to have
equivalent safety and tolerance to procedure in elderly patients (aged 70 or more), with
majority of cases performed as a day-case [44].

In our series of patients, concordance of clinical and pathological staging was a not exciting
63%: the use of sole CT-scan and blind transbrachial/trans-tracheal endoscopic fine needle
biopsy has certainly played a role in understaging. The introduction of PET-CT scan in
routine assessment for staging purpose in most Institution demonstrated to enhance
conventional staging, both for nodal status and distant metastasis, resulting in a 10% of
downstaging and 33% upstaging. This changed intent of treatment from palliative to
curative in 4% and vice-versa in 22% of cases [45].

Endoscopic UltraSound guided Fine Needle Aspiration (EUS-FNA) performed by
bronchoscopy by skilled operators promises to im prove sensitivity in metastasis detection of
PET positive lymph-nodes not necessarily increased in size (CT-scan nodal assessment is
essentially based on dimensional criteria and post-contrast perfusion nodal pattern and is
operator-dependent).

A prospective study on 86 with mediastinal aden opathies provided impressive negative and
positive predictive value (94% and 100% respectively). This allowed to shift to non-surgical
management in 80% of cases [46].

6.2. Image Guided Radiotherapy/Intensity Modulated Radiation Therapy
(IGRT/IMRT)

This novel technigues promise to be a milestone in radiation treatment for capacity to
delineate tumour contour and correct it for pati ents positioning, resulting in two theoretical
high advantages compared to traditional radiation therapy.
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1. Greater precision in irradiating tumour volu me with minimal toxicity of neighbouring
healthy tissues ( Alower incidence of side effects)
2. Possibility to deliver higher dosage with presumed higher efficacy

Unfortunately, despite this convincing rationale, literature lacks of robust studies to confirm
promising clinical benefits. To date, there is enough evidence on technical performance,
encouraging but not yet conclusive information on safety, very weak evidence in clinical
effectiveness and none on cost-effectiveness. Té proportion of patients with the clinical
indications for IGRT/IMRT inferred by the RER (Regione Emilia Romagna) regional
database result in an estimate 10% of all lung cancers (the lowest percentage among several
solid tumours considered — brain, prostate, head and neck, pancreatic).

Nonetheless IGT/IMRT are worthy to be seriously considered in future clinical trials,
preferably involving a surgery arm.

6.3. Minimally invasive surgery: VATS lobectomy

Videothoracoscopic Assisted Thoracic Surgery has in recent years gained again popularity
and has become of routinely use in some Institutions for early stages lung cancers not
involving fissures of hilar elements. Octogenari ans seem to have the proper characteristics
for indication to VATS major resections. Firstly, as stated above, only patients with stage I-lI
tumours amenable to be resected by standardlobectomy should be operated on; secondly,
advantages of VATS compared to thoracotomy (less postoperative pain, lenght of stay,
functional impairment) are theoretically able to reduce complications and mortality in such
frail patients.

A recent study on 95 octogenarians who received surgery either by VATS (n=58) or standard
thoracotomy (n=37) in a single Institution, demonstrated that major cardiopulmonary
complications occurred in 13.8% of VATS group and 32.4% of open surgery group (p=0.03).
Five-years survival was not affected but study was retrospective, non-randomized and
suffers some bias in patients selection (more | stages in VATS group) [47]. However efficacy
of VATS has been reported by several other Authors [48, 49]. It has been demonstrated that
VATS surgery generates less cytokine produdion in early postoperative phase and less
impairment of postoperative pulmonary func tion, which ultimately could decrease in-
hospital complications, as stated in the text.

Therefore there is enough evidence to support minimally invasive surgery especially in very
elderly people.

6.4. Thermal ablation

Thermal ablation has been shown to be effecive as local treatment of solid tumours. The
main modalities to achieve thermal damage of malignant tissue are radiofrequency (RF),
microwave (MW) and cryoablati on; all them are applied directly to tumour through

different devices positioned percutaneously through an image-guided procedure.
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Lung tissue has unique characteristics which maximizes the so called heat sinkeffect: airflow
and bloodflow limits in fact the intended tissue damage, that results smaller in vivo versus
in vitro experiments, acting as an air/liqu id-cooled radiator. Lung has therefore a small
thermal conductivity.

In these regards MW has some theoretical advantages over RF ablation, because thermal
damage is realized through electromagnetic waves that cause polar water molecules to
rotate rapidly; MW is not limited by thermal and electric conductivity  of tissue, reaching so
larger zones and higher temperatures in lung [50]. Histopathological studies indicates that a

margin of 8 mm for adenocarcinomas and 6 mm for squamous cell carcinoma are necessary
to cover 95% of microscopic disease [51].

Thermal ablation techniques presents similar limits regarding to:

X  The lack of pathological data, especially histological and molecular features of tumour,
nodal status and margins of treatment: regarding the last issue, cryoablation is more
attractive because the ablated zone correlats with the ice-ball image visualized by CT-
scan; this imply nonoptimal pla nning of adjuvant therapies

x  Local control of disease: tumours greater than 3 cm in diameter have a low likelihood of
successful ablation with RF; MW ablation has shown promising rates of local control
also for tumours until 5 cm; overall local tumour progression rate was reported to be
50% after RF for c-I NSCLC, compared to 28.6%after surgery [52]; some studies indicate
that combination of thermal ablation (more effective in the centre of tumour) and
external beam radiotherapy (more effective at periphery of the lesion) could remarkably
improve local control of disease [53]

x Evaluation of treatment response and monitoring of recurrences is more challenging
after thermal ablation, because both residual mass and ablation zone are present:
inflammatory response to heat damage may be responsible of initial apparent increase
in size of tumour; FDG uptake at PET scan, in addition to CT criteria, is useful to
predict completeness of tumour ablation but it should not be performed before 3
months to prevent false positives du e to inflammatory response [54]

x  Complications: major complication (pneumothorax requiring chest tube drainage, air
embolism and pulmonary abscess) are reported in about 8% of procedures, depending
on tumour size and pulmonary reserve; mi nor complications as hemoptysis, fever,
pleuritis with effusion, damages to phreni ¢ or intercostals nerves are much more
frequent (cumulative incidence: 50%) and may sometimes significantly impair quality
of life of patients with poor baseline performance status [50]

Regarding the last point, Tada and coll. reported that pulmonary function significantly
decreased after RF, with FEV1 and VC at land 3 months significantly lower than the
baseline: predictive factor of major functional loss were severe pleuritis (at 1 and 3 month)
and ablation of large volume of marginal pa renchyma (at 3 months). Shrinkage of ablated
zone during healing process may retract surroundi ng lung tissue, resulting in a decrease of
alveoli compliance [55].
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Indications to RF should therefore adequately determined for severely impaired patients as
well as indications to surgery.

A recent review based on medically inoperable, early-stage NSCLC patients reports an
advantage in 5-years survival and local recurrence rates of patierts treated with stereotactic
RT versus those treated by RF, at the cosbf more disabling and lasting complications
(actinic pneumonia, fatigue) [56].

We can conclude that thermal ablation should be part of the armamentarium against lung
cancer in a multidisciplinary setting: its unde niable advantages (single session treatment,
feasibility in marginal patients, repeatability) make it not only an alternative to surgery (e.g.:
multiple small nodules) but primarily a co mplementary treatment (e.g.: treatment of
recurrences after surgery, persistence of local disease after RT).

7. Take home messages

Provided that marginal patients should be evaluated in multi-disciplinary setting and on
individual basis, some concepts should be kept in mind in management of octogenarians
affected by NSCLC.

X Age above than 80 is neither a contraindication to operative treatment nor a routine
indication for lesser resection; even octogenarians, with reduced life expectancy, dead
of cancer rather than of comorbidities

X The presence of comorbidities (cardio-respratory in particular) predict increased
operative risk. This support the hypothesis that the potential association between
advancing age and operative mortality is a reflection of increased co-morbidity rather
than age per se.

x Even healthy octogenarians could have reduced organ function, resulting in low
tolerance of postoperative major complications, which are fatal in a considerable
percentages of patients.

x  Extended resections should be avoided in octogenarians: lesions in early stages and yet
not resectable with a standard lobectomy should therefore preferably managed in non-
operative way.

x Complete and accurate clinical staging is crucial since pathological stage is the only
predictive factor affecting long term survival. Accurate preoperative clinical staging is
imperative and in this respect, a more standard use of PETTC appear to be necessary.
In case of doubt, invasive staging with mediastinoscopy should be used in the process
of selection of candidates for surgery to avoid unnecessary operative risk in poor
prognosis patients.

X Surgery remains to date the benchmark in terms of local control of disease and should
therefore be preferred to radiation therapy and thermal ablation until future studies
will eventually provide evidences of better risk/benefit ratio. Minimally invasive
surgery promises to carry a benefit on postoperative outcome of elderly people
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X Lung volume reduction criteria applied to lung surgery could move the limit of
operability: in case of poor respiratory reserve, additional considerations should be
made before excluding them from surgery, because ppoFEV1% is inaccurate in
particular cases. These more compromised patients could benefit of a preoperative
pulmonary rehabilitation program: in this way it could be possible to minimize the rate
of minor postoperative complications that are probably related to 1st day FEV1% [57].
Lung volumes remodelling in fact takes at least some months to complete and
favourable effects are not immediately available.

The critical issue is then to define which octogenarians will have the best chance of avoiding
complications and ultimately benefit in terms of long survival after pulmonary resection
and which are medically inoperable.

8. Conclusion

Octogenarians with adequate organ function affe cted by potentially resectable lung cancer
are worthy of curative treatments because life expectancy almost always exceed prognosis
of disease. Octogenarian should be considered as a patient with higher possibility to
have multiple comorbidities and or reduced organ function (even subclinical) and should
have access to lung cancer services regardless of age. High accuracy is recommended in
clinical staging and functional assessment in order to select healthy patients who
could really benefit of lung surgery with acceptable operative risk and with
acceptable postoperative QOL. Surgical therapy is nowadays well accepted for healthy
octogenarians. In marginal patients, appropriate counselling can support physician to
decide on case-by-case basis whether to favour QOL over survival or vice-versa (as
usually in the younger patients). Such patients should ideally be enrolled in randomised
trials to provide an evidence base.
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1. Introduction

There are at least three perspectives from whch one can think about using risk prediction
and outcomes data in cardiothoracic surgery. The first is the perspective of the patient in
need of cardiothoracic surgery procedure and care, who wishes to know, “What are my
chances?” An engaged patient andfamily are interested in the patient’s survival of the acute
condition or event, but also interested in th e near- and long-term outlook and quality of life
beyond the recovery period.

The second is the perspective of the surgeon, wishing to know, “How am | doing?” This is
the essence of the general competency inmedical education known as practice-based
learning and improvement, which entails review of and reflection on one’s practice patterns
and using this self-assessment to improve ore’s practice, particularly assessing against
standards of care and specialty practice guidelines. Moreover, it can be argued that as health
care is a team sport, rather than a solo act, tht perspective should be expanded to reflect the
whole interdisciplinary team asking, “How are we doing?”

Finally, the societal perspective—including regulators and payers—seeks information that
answers whether or not we are delivering care that is safest and of highest quality for the
cost and the resources invested.

The Institute of Medicine in To Err is Human articulates six key parameters by which quality
of care is assessed and which are important toall three perspectives, with those parameters
being for care that is safe, timely, effective, dficient, equitable and patient-centered [1]. As
decisions are made and care is delivered fo each patient as an individual case, the
practitioner makes what he or she believes to be the best decisions for care based on the
individual patient characteristics and needs and the information available at the time.
However, it is the decision-making and care delivery trendsthat are highly informative to all
three perspectives described above.

I NT E C H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited.
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This chapter focuses on the following areas of risk and outcome data use: 1) clinical
cardiothoracic databases; 2) risk factors and risk prediction models; 3) application of risk
prediction in clinical decision-making and care delivery; 4) process and outcomes data for
reporting and improvement; and 5) use of database linkages to determine factors and
decisions contributing to outcomes across the continuum of care.

2. Cardiothoracic databases

Surgeons have been interested in monitoring and improving outcomes since Ernest Amory
Codman pioneered the study of medical outcomes. He kept “end result cards” on his
patients, including long-term outcomes of at le ast one year, and wrote several papers on the
“end result idea” in the early 1900s [2]. The ability to speak knowledgably about risk
assessment and clinical outcomesfor any clinical specialty requires data gathered on the
patients treated by that specialty—whether based on diagnostic category, acute event or
performance of a particular procedure or set of procedures. This is of even greater value
when one can speak about one’s own patient pgoulation and performance data, using data
that are complete and valid and analyzed in comparison to a large number of patients of
comparable condition.

2.1. Administrative databases

Administrative data, such as the data from th e Centers for Medicare and Medicaid Services
database, are readily available, relatively inexpensive, and provide information on large
numbers of patients. However, administrative data are usually collected by coding for
billing purposes rather than collection for clinic al studies and improvement, so that critical
clinical context and variables are unavailable and the differentiation of comorbidities from
complications can be problematic [3,4].

The University HealthSystem Consortium (U HC) is an alliance if 101 academic medical
centers and nearly 200 of their affiliate hospitals—representing more than 90% of the US
nonprofit academic medical centers—which has developed risk-adjusted mortality models
based on discharge abstracts and include adjustments for differences in patient severity
using the All Patient Refined Diagnosis Related Groups (APR-DRG). The UHC refers to its
data and risk model as clinical (versus administrative), because the data are derived from
coding of clinical conditions. However, it should be noted that the source of the data sent to
UHC by hospitals and healthcare systems is the financial and administrative data from the
system, and therefore dependert on coding and demographic information, and drawn from
the same data source used to report patient billing data to Medicare and other payers [5].

2.2. Clinical databases

There are numerous notable clinical registries and databases for cardiothoracic surgery
patients. Local and regional databases are paricularly noteworthy for their ability to draw
data from physician groups and hospitals that are traditionally competitive relative to one
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another, but who agree to contribute data to build valid assessment of quality in cardiac
care. Regional databases of note include thoe of the Northern New England Cardiovascular
Disease Study Group (NNE) [6,7]. The New York State Department of Health has been
building databases for reporting on adult cardiac surgery and percutaneous coronary
interventions since the early 1990s, and subsegently added pediatric congenital cardiac
surgery [8,9,10]. The Pennsylvania Health Cae Cost Containment Council has databases
that include hip and knee replacement, diabetes and health-associated infections, besides
cardiac care [11]. Other states have followed, wih a statewide approach to quality, such as
the State of New Jersey Department of Health and Senior Services Office of Health Care
Quality Assessment [12], the Minnesota Cardiac Surgery Database [13], the Michigan
Society of Thoracic and Cardiovascular Suwgeons Quality Collaborative [14], and the
Virginia Cardiac Surgery Quality Initiative [15].

The Veterans Affairs (VA) Cardiac Surgery Database [16,17] has been a leading force in
national cardiac databases. The Department of Veterans Affairs has built on the experience
in cardiac surgery to develop a database for major surgery outcomes and quality of care, as
seen in the National VA Surgical Quality Improvement Program (NSQIP) database [18].

NSQIP has proven so valuable as to now be applied to surgery programs across the country,

well beyond the VA medical centers.

The predominant national adult cardiac database in the US, beyond the VA, is the Society of
Thoracic Surgeons (STS) National Cardiac Database (NCD) [19,20,21]. Building on the
experience with the adult cardiac surgery database, the STS now has three components to
the STS National Database—Adult Cardiac, General Thoracic Surgery Database, and
Congenital Heart Surgery, with availability of anesthesiology participation in addition to
surgeon participation in the Congenital Hear t Surgery Database. The STS Congenital Heart
Surgery Database has worked collaboratively at the international level on a joint European
Association for Cardiothoracic Surgery (EACTS)-STS Congenital Database Committee,
particularly on standardization of definitions and naming convention s [22,23,24]. Moreover,
the World Society for Pediatric and Congenital Heart Surgery has gathered surgeons from
over 50 countries and from all continents except Antarctica to work on pediatric cardiology
and pediatric cardiac surgery [25,26,27].

In addition to EACTS, other international re gistry endeavors in cardiothoracic surgery
include the Society for Cardiothoracic Surgery in Great Britain and Ireland [28], the
Australian and New Zealand Society of Cardia ¢ and Thoracic Surgeons Database [29], the
Japan Cardiovascular Surgery Database Organization [30], and the Chinese coronary
artery bypass grafting (CABG) registry [ 31]. While there are numerous country and
international region registries, the STS also now provides the opportunity for
international participants to contribute to the Adult Cardiac Surgery Database. The
awareness of need for process and outcone data for reporting and improvement has
caught fire and driven endeavors around the world. Next, this chapter will explore how
the data is analyzed and utilized.
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3. Risk prediction—Assessing risk

When outcomes and performance results are first brought up, it seems to be an almost
reflexive defense response to say, “My patients are sicker.” Thus, it is the risk-adjusted
outcomes that essentially level the playing field, comparing like with like to as close a

degree as possible. It is therefore of great inportance to gather information that is both

clinically relevant and comprehensive, to get as complete a picture as possible of the patient
factors, over which the surgeon has little control, as well as aspects that can impact both
decision-making, care delivery and outcomes of that care.

Further upstream in the continuum of care, a cardiothoracic surgeon depends on clinical
judgment to assess the patient’s cardiac condition in the context of his/her general health,
and then to determine whether there is technically something to offer the patient to improve
that cardiac condition. Beyond the ability to do something for the patient, there then follows
the consideration of whether surgical interv ention is appropriate, given the patient’s
condition, circumstances and preferences, andwhen. This is where there is great utility in
having access to a reliable, easy-to-use risk prediction scoring system and tool. Granton and
Cheng [32] have gathered information describing several of the predictive scoring systems
available: the EuroSCORE [33,34], the STS scorghe Parsonnet score [35,36], and regional
models such as the Cleveland Clinic model and the NNE score. Additionally, the
AusSCORE [37] has been developed and studied for Australian patients.

A core set of variables associated with outcomes in cardiothoracic surgery have evolved
over time. Accuracy of risk models developed based on administrative data in New York
[10] and Pennsylvania [11] have been shown tobe substantially improved by addition of a
few critical clinical variables—ejection fraction , reoperation, and left main coronary artery
obstruction. One may further question how many variables are actually needed to have a
robust risk prediction model. Studies from On tario [38] and the Cooperative CABG Database
Project [39] identified six and seven core variables, respectively. In the STS NCD, it has been
demonstrated that 78% of the explained variance from the 28-variable model is derived from
the eight most important predictors, which ar e age, surgical acuity, reoperative status,
creatinine level, dialysis, shock, chronic lung disease, and ejection fraction [40].

While there are minor variations between the data collection forms for the various
databases, the primary differences are derived from the correlation coefficients for the risk
factors as calculated from the different patient populations. For purposes of description of
data collection, the STS National Databases—-Adult Cardiac Surgery [41], General Thoracic
Surgery [42], and Congenital Heart Surgery [43]—are used in the section that follows.

3.1. Risk factors

Preoperative risk factors. Preoperative risk factors that are collected relate primarily to the
presenting features of the patient. These stat with such factors as age, gender, race and
ethnicity. Also collected are general resource factors such as referral pattern information via
patient zip code and hospital zip code, and the payer type.



Risk Prediction and Outcome Analysis 69

The next section after demographic information contains fields for ad mission, surgery and
discharge dates, as well as hours of intensive care unit (ICU) stay. The general health factors
are captured by fields for height, weight, smok ing status, family history for heart disease,
hematocrit, and white blood cell count. The comorbidities recorded include the presence or
absence of the following: diabetes, dyslipidemia, renal failure requiring dialysis,
hypertension, infectious endocarditis, chroni ¢ lung disease, immunosuppressive therapy,
peripheral arterial disease, ceebrovascular disease and the form and timing of its effect. In
addition, the current renal function is logged as the last creatinine, and for diabetics, the
method of diabetes control.

The cardiac presentation section contains felds for the following: previous myocardial

infarction and time interval, heart failure, NY HA classification, cardiac presentation on
admission, cardiogenic shock, resuscitation, arrhythmia and type, and previous
cardiovascular interventions. Preoperative medications are recorded as yes, no or
contraindicated/not indicated. Preoperative hemodynamics and catheterization and
echocardiographic informat ion are also recorded.

The preoperative risk factors for general thoracic surgery include weight loss over prior
three months, steroids, preoperative chemotherapy, pulmonary function tests and results,
Zubrod (activity tolerance) score, and clinic al staging for lung and esophageal cancer.

For the congenital database, there is the additonal information required on date of birth,
prematurity, non-cardiac anatomic abnormalities, chromosomal abnormalities and
congenital syndromes. The resuscitative preoperative factors captured for the congenital
heart surgery patient include cardiopulmonary resuscitation, mechanical circulatory
support, and shock. Metabolic risk factors include diabetes mellitus, hypothyroidism, and
steroid requirement. Gastrointestinal risk factors relate to presence of colostomy,
enterostomy, gastrostomy or esophagostomy, as well as hepatic dysfunction, or necrotizing
entero-colitis. Neurological risk factors include neurological deficit, seizures, and stroke or
intracranial hemorrhage. Respiratory risk factors include mechanical ventilation, respiratory
syncytial virus, single lung, and trachesotomy. Additional factors captured include:
coagulation disorder, endocarditis, sepsis, and renal dysfunction.

For congenital heart surgery, there is an additional aspect of risk-adjustment that has been
employed and tested. The Risk Adjustment for Congenital Heart Surgery-1 (RACHS-1) was
developed by Dr. Kathy Jenkins and investigator s from Children’s Hospital Boston [44]. The
RACHS-1 goal was to adjust for baseline differences in case-mix andrisk when comparing
mortality prior to discharge from the hospital among patients under 18 years of age
undergoing surgery for congenital cardiac disease or defect. It is important to note that the
RACHS-1 was not created to predict the risk of death for individual patients, but to be a tool
that allows meaningful comparisons across groups of patients [44].

It is worth noting that the available databases do not account for nutritional state, especially
for malnourished patients. This is an aspect of general health that significantly impacts
wound healing ability and immune system capacity to fight infectious complications.
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Cardiac databases do not capture rehabilitation potential, as would be captured by a
preoperative activity level and a realistic activity goal following recovery. For patients with

a severely limited preoperative functional level, it would generally be unrealistic to expect a

normal rate of separation from mechanical ventilation or length of stay. This also speaks to
the level of postoperative recovery support required once the patient can be discharged
from the hospital. Homelessness or severely limited social network support is also not
captured by available databases. While these aspects of patient condition may not
negatively impact the ability to heal and recover from a surgical procedure, they do affect
the healthcare resources needed to achieve recovery, both in the hospital and following
discharge.

Perioperative risk factors. All of the procedural databases include surgeon identification,

diagnosis, primary and secondary procedures, operative start and end dates and times
(including operating room entry and exit, anesthesia start andend, and skin incision start
and stop), antibiotic selection and timing for administration and discontinuation. Operation

status—elective, urgent, emergent/salvage, or palliative is recorded. Blood product
administration is also captured.

Cardiopulmonary bypass utilization and associated features are recorded, including use of
circulatory arrest, aortic occlusion, cardioplegia, and cerebral oximetry. Medication
administration and use of intra-aortic balloon pump support are also captured. For coronary
artery bypass surgery, the number of anastomoses is recorded for each type of conduit.
Valve surgery procedures are captured, by valve, for type of procedure and prosthesis type
utilized. Initial extubation date and time is capt ured to reflect the interval of intubation and
ventilator support.

The general thoracic surgery perioperative data also include pathologic staging for cancer
and ICU length of stay. The congenital heart surgery data also include capture of procedure
location, temperature, cerebral perfusion and oximetry utilized. In addition, pediatric
cardiac surgeons have found it important to address the issue of stratification of complexity
in surgery for congenital cardiac diseases. The Aristotle Complexity Score was developed by
an expert panel, and consists of assignment ofan Aristotle Basic Complexity score to a given
procedure based on potential for mortality, potential for morbidity, and technical difficulty
[44].

Postoperative data collected. Postoperative transfusion and complications are collected for
the databases. The complications are reflectecby category: reoperation and reason, cardiac,
neurologic, renal, pulmonary, infectious, vascular and other (gastrointestinal, urologic,
hematologic). The discharge status, interval after surgery, and destination are key
components, as well as the discharge medications.If readmission is necessitated, the reason
is recorded. Key quality measures are catured for each of the databases.

The congenital heart surgery collection forms include sections for gathering key information
for anesthesiology participation in the data base—preoperative assessment, anesthetic
technique, monitoring, intraoperative and postoperative pharmacology, and anesthesia
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adverse events. As there are agrowing number of patients surviving their congenital heart
defects to reach adulthood, the congenital heart surgery database also includes sections for
adult cardiac surgery data components.

3.2. Risk models

Ivanov and colleagues studied the predictive accuracy of a statistical model against
clinicians’ estimates of outcomes after coronary bypass surgery [45]. They found that
clinicians, when given the option, preferred to trust their own judgments. Experienced
surgeons significantly overestimated the risk of operative mortality compared to their junior
colleagues. Overall, the clinicians significantly overestimated the probability of operative
mortality (for survivors to a greater degree than non-survivors) and IC U stay greater than 48
hours. Although no predictive model can pred ict the specific individual who will have an
adverse event, statistical models permit reasonably accurate estimates of event rates for
subgroups of patients [45].

The risk factors gathered by the database colletion form for each patient are entered into
the database, and aggregated for analysis and reporting. This can be accomplished by the
individual surgeon or group with paper and pe ncil or an Excel spreadsheet. However, most
clinicians are interested in risk-adjusted analysis of performance and outcomes to account
for the particular characteristics of the patients and patient population to which care is
rendered. Kozower and colleagues described their head-to-head comparison of the ability to
predict risk-adjusted mortality by UHC and STS risk models [5]. What they found is that
although the UHC model demonstrated better performance in the total study population,
the difference was achieved by reflecting postoperative complications, and therefore the
predictive discrimination was equivalent to rand om chance. Thus, it is critical to use a well-
constructed and validated clinical risk model that reflects the patient comorbidities and
acuity, with high correlation to the endpoint s of interest. The next section describes the
processes by which a robust clinical risk model is developed and validated.

3.3. Development of a clinical risk model

The study population is key to the quality and performance of the statistical model, and no
risk adjustment model is better than the data on which it is based [40]. The population must
be adequately defined, and exclusion applied for key missing data elements. The population
is then randomly divided into two samples. The first sample of 60% of the population,
known as the training sample, is for development of the risk model—used to identify
predictor variables and estimate model coefficients [46,47,48]. Data from the other 40%,
known as the test sample, is for the validation of the model, to assess model fit,
discrimination and calibration.

The endpoints and outcomes of interest then need to be identified and defined. The nine
major endpoints of interest for the STS adult cardiac surgery database [46,47,48] are as
follows:
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1. operative mortality—defined as death duri ng the same hospitalization as surgery
regardless of timing, or within 30 days of surgery regardless of venue or site;

2. permanent stroke or cerebrovascular accident—a central neurologic deficit persisting
longer than 72 hours;

3. renal failure—an increase of the serum creatinine to more than 2.0 mg/dL and double
the most recent preoperative creatinine level, or a new requirement for dialysis;

4. prolonged requirement of mechanical ve ntilation support(longer than 24 hours);

5. deep sternal wound infection—in most recent database versions recorded for as long as
30 days postoperatively;

6. reoperation for any reason;

7. major morbidity or mortality—a composite defined as the occurrence of any of the
above endpoints;

8. prolonged postoperative length of stay—I ength of stay more than 14 days; and

9. short postoperative length of stay—length of stay less than six days and patient alive at
discharge.

The major endpoints for the general thoracic surgery database are selected using similar
principles, but with appropriate differences of in terest to general thoracic surgeons and their
patients. Adverse outcome measure selection isbased on clinical judgment, literature review
and preliminary data analysis. The postoperative endpoints selected for lung surgery are:
mortality (in-hospital mortality regardless of timing or within 30 days of the procedure),
tracheostomy, reintubation, initial ventilat or support greater than 48 hours, adult
respiratory distress syndrome, bronchopleural fistula, pulmonary embolus, pneumonia,
bleeding requiring reoperation, and myocardia | infarction [49,50]. The selected major
outcomes for esophageal surgery consist ofthe following conditions: bleeding requiring
reoperation, anastomotic leak requiring medical or surgical treatment, reintubation, initial
ventilation greater than 48 hours, pneumonia, or in-hospital mortality (same hospitalization)
regardless of timing [51].

The STS Congenital Database Taskforce andhe Joint EACTS-STS Congenital Database
Committee have critically reviewed and defined endpoints as well. Operative mortality is
again defined as any death, regardless of cause, occurring within 30 days after surgery in or
out of the hospital and after 30 days during the same hospitalization subsequent to the
operation [22]. Because of the extensive spectim of congenital heart defects and the wide
variety of procedures for same, the complications of interest for the congenital databases are
also more extensive and detailed, with significant attention to definitions [23,43].

All candidate variables are considered, and screened for relevance to prediction at
population and at individual levels. It is of great value to have expert clinician review as
well, to assure clinical relevance of the variables to be included. The validity—on its face, as
well as of construct and content—is key to the value of the risk model, and so it needs to
make sense to the clinician users.

The definitions for predictor variables and for en dpoints must be strictly standardized. Even
for an unambiguous endpoint like mortality, th e time period and location become important
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components of the definition. There are import ant statistical and policy implications of
using in-hospital mortality (without time limit) versus 30-day all-cause mortality (without
consideration of where it occurs) versus operative mortality as either of the two. The fixed
time period is statistically preferable, althou gh more difficult to obtain with completeness
and accuracy than in-hospital mortality [40].

The risk model development team has to assess the database for several aspects of variable
reporting to determine inclusion or exclusion. The first for consideration is the frequency of
missing data for each variable. A second consideration is identification of variables that are
collected inconsistently or with questionable reliability, even for clinically unavoidable
reasons. Use of derived variables (e.g., body mass index) or redundant variables, such as
glomerular filtration rate which is a complex function of variables that are consistently and
regularly included, should be assessed for appropriateness of inclusion in the model.
Finally, there is consideration of whether to include potentially controversial variables,
especially those that raise clinical, statistical or health policy issues. Examples of such
variables include race and ethnicity, and preoperative intra-aortic balloon pump. As a
confirmatory check, it is helpful to review potential candidate variables against external
resources, such as previous versions of a r§k model, and other comparable risk models
from other groups or organizations.

As described by both Clark and by Shahian and colleagues, there are three principal
techniques that have been utilized for construction of cardiac surgery risk models [40,52].
Bayesian models are useful in early database eperience as they are robust in the face of
missing data. Logistic regression models are the most common statistical technique for risk
modeling—ultilized by regional and national da tabases such as those in New York, the VA,
and the NNE. Multivariable logistic regression is utilized for the STS national databases.
Some use simple, additive scores with weights derived from the logistic regression model.
Shahian and colleagues found that comparative studies have generally demonstrated that
logistic models offer the best overall performanc e [40,53,54]. There is interest in the potential
advance offered by application of algorithmi ¢ models, which are also known as machine-
learning techniques, as these models permit complex, nonlinear information processing.
However, tests of these models have not yet stown significant improvement over logistic or
Bayesian models [40,55,56].

3.4. Risk model validation

Once the multivariable logistic regression is applied, the test sample of the defined
population is used to test model performance and to validate the new model against its

performance for the development sample and against the old model, if an update. The C-
index is assessed for the training or development sample and the test or validation sample,
looking for close agreement between the two samples for each endpoint. Alternatively,

calibration can be assessed by plots of observed versus expected event proportions within
deciles of predicted risk for the various endpoints, such as described by Shahian and
colleagues [46,47,48].
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For each of the STS risk models—CABG surgey, valve surgery, and combined CABG and
valve—there have been multiple iterative refi nements and updates to each. Calibration is
required after obtaining raw STS risk scores, doneannually (in quarterly increments), so that
the calibration factors are dynamic, updated qu arterly after each data harvest [40]. Jin and
colleagues have reported that if the risk models are used without calibration, the risk scores
are almost always higher than they should be, overstating risk and understating the
observed-to-expected ratio [57].

Numerous types of validity can be used to scrutinize a statistical risk model. One is face
validity, where the model is reasonable to experts. A second is content validity, where all
important variables have been included. A third type is attributional validity, in which risk
adjustment is adequate to insure that differences in outcome are not due to patient
characteristics. Finally, there is predictive validity, which provides a measure of how well it
performs on a data set other than the one from which it is developed, internal or external
[40]. There are two tests applied to test predidive validity. The first, calibration, assesses
reliability, or the extent to which the model a ssigns appropriate risk to the population under
consideration, the most common of which is the degree of concordance between deciles of
observed and expected risk, or the Hosmer-Lemeshow test [40]. By extension, and as is
demonstrated by Tran and colleagues [58] and Zhang and colleagues [59], there is also
naturally great interest in comparing the risk models against each other, including extension
into intermediate timeframes (e.g., one-year survival). The second test, discrimination,
assesses the tradeoff between specificity and sensitivity of the risk model at various
probability cut points [40,60].

Following the calculation of the model performance measures, the final regression
coefficients can then be estimated from the combined training (development) and test
(validation) samples. The algorithm, intercept and coefficients can then be deployed for the
risk model, for application for risk prediction for individuals and for population analysis.

4. Application of risk prediction in decision-making and care
4.1. Application at the bedside

Risk prediction tools that are easily accessile and user-friendly are the most valuable for
application in the clinic or at the bedside. Tools providing calculations as the data are
entered contribute to clinical decision-making in real-time. The STS provides an on-line risk
calculator for just such a purpose [61]. It is at the bedside or in the clinic where the
counseling is being provided, and the patient’s and family’s questions and concerns for risk
versus benefit and chances for recovery vasus adverse outcomes are being actively
considered. Data-driven decision-making is extremely helpful, especially as applied to

consideration of the patient preferences and expectations for the care plan and procedure
being recommended.

When the patient is high-risk for surgery, the data help convey the statistical chances for
mortality and adverse outcomes to provide realistic expectations and balance to the hope for
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a good outcome that can potentially be held out of proportion to the reality of the situation.
Sometimes this may even take the form of supporting data-driven decision-making to
recommend against a surgical procedure. A surgeon’s knowing how to do a procedure does
not automatically obligate the surgeon to operate, nor does it make a procedure right for
every patient. In other words, it is important to consider when it may be appropriate to say
‘no,” but doing so in an objective manner, based on the best available data and evidence.

When the patient condition and/or the cardiac anatomy is complex, and the
recommendations by cardiologist and cardiac surgeon are not clearly guided by the
evidence in the literature, data provided by th e risk prediction tool can help provide input
for shared decision-making by clinicians and pati ent. This is particularly enhanced by data-
driven risk prediction for medical and surgical therapy, and for proceduralists from both
medical and surgical subspecialties.

4.2. Individual performance trends

The clinician needs an accurate and reliable datasource to answer the question, “How am |
doing?” Practice guidelines, building on the evidence in the literature, provide
recommendations for the standards of care on which proficient and expert clinicians have
built consensus. The guidelines, however, do not provide information on the individual
practitioner’'s application of and adherence to the guidelines. It should be noted that
following guidelines does not absolve the surgeon of applying good judgment for
extenuating patient needs and circumstances. The guidelines and standards should be
generally applied, however, and the exceptions and variance should occur rarely. Risk
models help to assess the trend in decisionmaking and practice patterns. This is an
important opportunity to allow the data to tell the story about actual practice patterns, as
opposed to the good intentions to follow gu idelines and apply standard of care. One’s
perceptions of practice patterns are not always borne out by the data; thus, it is important,
even imperative, to regularly evaluate oneself for practice-based learning and
improvement.

Individual provider decisions on patient se lection for operation are important to assess
against appropriateness guidelines. Variance from recommended indications for operation
should only be considered as a part of a research study, such as would be employed to
assess procedure and timingof surgery for lung cancer.

4.3. Group or hospital performance trends

The trends in patient selection and provider practice patterns are also assessed for the group
practice or hospital clinical service—the site of practice—by aggregating the individual
provider data within the group or hospital practice. Within a group  of providers there may
be varying degrees of experience and providers may be at different points along the lifelong
learning curve of evolution from competence to proficiency to expertise and mastery.
However, the clinical pathways by which the care is delivered offer an opportunity for
setting the expected logistics for delivery of care in the perioperative cardiothoracic surgery
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patient. The risk-adjusted data provided as feedback to the group help the group to assess
the impact of the processes and decisbn-making strategies commonly employed.

Although hospital and/or provider case volume have long been used as a proxy measure for
quality, it is important to note that data show only modest association of hospital procedural
volume with CABG outcomes [62]. Thus, volume may not be an adequate quality metric for
CABG surgery. Database participation allows for demonstration of where low-volume
providers and hospitals achieve high qualit y outcomes, and where high-volume providers
and hospitals do not.

Assessing patient referral and selection trends for the group or hospital against
appropriateness guidelines further allow objective data-driven feedback. A new cardiac or

thoracic surgery program may be perceived to get good outcomes because it is too
conservative in patient selection for surgery—by “cherry-picking” cases to enhance
outcomes. Alternatively, a new cardiac or thoracic surgery program may wish to build

volume and be or become too liberal in its patient selection for surgery. Database feedback
provides valuable perspective against which to weigh public perspective—among the

provider and the general community—based on data and the appropriateness guidelines.

5. Performance data for reporting and improvement

5.1. Performance data types

There are two primary types of performa nce data—process measures and outcome
measures. A process measure reflects how anaspect of care is delivered. An outcome
measure reflects the impact of care on the patent—or how the patient does as a result of the
processes of care.

5.2. Process measures

Process measures may be captured as timed intevals, as exemplified by the time interval
between myocardial infarction and operation, time on cardiopulmonary bypass, cross-clamp
time, time interval for mechanical ventilation (or time to extubation), length of stay in the
ICU and postoperative length of stay. Other process measures are reflected as counts, such
as lowest hematocrit on bypass and number of blood products transfused. A third type of
process measure is reported as a yes/no responseas in the reporting of use of the internal
mammary (or thoracic) artery (IMA) as bypa ss conduit, use of cardiopulmonary bypass
(versus off-pump), or use of recommended medications at discharge, specifically aspirin,
beta blockade, and cholesterol-lowering statin therapy.

Preoperative process measures include time from presentation with myocardial infarction to
operation, use of intra-aortic balloon pump, pr eoperative creatinine, and administration of
preoperative beta blockade. In general thoracic, preoperative process measures include
administration of induction chemotherapy, an d urgent versus elective procedure status.
Intraoperative process measures in cardiac sugery include use of cardiopulmonary bypass
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versus off-pump surgery, use of the left IMA as a conduit for bypass, and perioperative
transfusion. General thoracic intraoperative process measures include thoracotomy versus
video-assisted thoracoscopic surgery, and procedure selection (extent of resection versus
wedge resection). These measures are importahin the assessment of patient selection and
management prior to operation, as related to risk prediction for po stoperative outcomes.

Postoperative process measures for cardiac surgery include administration of blood
transfusion and discharge medication regimen (antiplatelet med such as aspirin, beta
blockade, and statin). Hospital postoperative length of stay, discharge destination and
readmission are of increasing importance in assessing care coordination for optimal
outcomes.

5.3. Outcome measures

As noted above in relation to development of ri sk prediction models, it is key to identify
endpoints of interest for the database users, providers and patients. Obviously, it is impossible
for a database to capture every conceivable outcome, but there is consensus on major adverse
events for which the database or registry can provide a robust and valuable resource.

The most familiar outcome measure, of course, is mortality rate. Mortality can be reported
as a raw mortality rate—a count of deaths per the patient or case denominator, or as a
comparison ratio of the observed mortality ra te over the expected or predicted mortality
rate. Furthermore, in the section above on risk model endpoints, the various definitions for
mortality consideration were reviewed. But why is there so much detail to be worked out
around such an unambiguous endpoint of mort ality (living versus dead is usually thought
of as an easy distinction to determine), and what does it mean to the provider and/or
organization? Is the surgery any more successful if the patient gets out of the hospital alive,
but dies at home? What is the impact to the patient versus the provider and/or hospital if the
patient dies on the 31t day after surgery instead of sooner? And why is it important to
capture all-cause mortality versus cardiac or thoracic surgery-specific causes? As an
example, all-cause mortality means that death from a bowel obstruction during the same
hospitalization as the cardiothoracic procedure would count as in-hospital or operative
mortality for the cardiac surgeon. Questions lik e these are what engage the concerted efforts
of the taskforces and expert panels that work to build consensus on the definitions for their
databases and the performance reporting from those databases.

Major morbidities, or non-fatal adverse outc omes, commonly reported in cardiac surgery
are represented by rates for unplanned reoperation (usually for postoperative hemorrhage),

prolonged ventilator support requirement (>24 hours), cerebrovascular accident or new
neurologic defect, new renal insufficiency or renal failure, deep sternal wound infection,

prolonged length of stay (>7 days). Readmissionwithin 30 days is of growing importance as

providers and payers assess quality across thecontinuum of care, and not just around the
in-hospital procedural event.

Major morbidity in general thoracic surgery in cludes pneumonia, adult respiratory distress
syndrome, empyema, sepsis, bronchopleural fistula, pulmonary embolism, ventilator
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support beyond 48 hours, reintubation, trache ostomy, atrial or ventricular arrhythmias
requiring treatment, myocardial infarction, reoperation for bleeding, and central neurologic
event.

There is one additional way of thinking about outcomes. This is as a standardized incidence
ratio for the composite outcome of any adverse outcome—any mortality or major morbidity.
This allows for discussion and counseling that takes into consideration the collective impact
of multiple risk factors and comorbidities on successful, uncomplicated recovery and return
to quality of life.

5.4. Application of performance measures for reporting quality

Those databases with mandatory participation, such as the New York and Pennsylvania
databases and the VA database described previaisly, provide regular reports, usually on an
annual basis. Voluntary databases, such as NNE and STS, also provide regular reports to
participants, although on a more frequent interval.

One of the uses of the regular reporting is to provide the individual and group with their
own performance results. A second is to place those results in the context of national
normative data. This allows the individual and group to assess their practice patterns
against not only the guidelines and evidence in the literature, but against other practicing
physicians in the specialty as a whole.

Process prevalence and variability can be studied and reported to advance the practice of
cardiothoracic surgery. One example is provided by Tabata and colleagues regarding the
use of the IMA graft in multivessel CABG surg ery [63]. Since use of the IMA graft has been
repeatedly shown to be associated with significantly improved short-term and long-term
survival in CABG, it is encouraging to see the frequency of IMA use in CABG surgery to be
increasing. However Tabata’s study shows that many patients do not receive the benefits of
IMA grafts, and some hospitals have a very low IMA use rate, which offers a significant
opportunity for continued improvement [63].

The STS database, as with other databases suchs the NNE, has been the source of data for
numerous studies on risk factors and association with outcomes. Studies have been done on
relationship to outcomes of gender, race, obesity, diabetes, age, renal function, off-pump

CABG, and emergency CABG, as examples [64]Risk profiles and outcomes can be studied

by procedure, as has been done with CABG trends over time as shown by Ferguson and
colleagues [65] and ElBardissiand colleagues [66], and with 15-year valve surgery outcome

trends as has been done by Lee and colleague [67]. Risk factors and outcomes, especially
mortality, can be studied by region, to assess outcomes in an effort to identify regional best

practices and to spread improvements in cardiac surgical outcomes [68].

In addition to providing reports that allow individuals and groups to compare with their
peers, regionally and nationally, cardiothorac ic surgery databases can also be compared
with each other, to compare patient populations and assess the quality of their reports
relative to one another. One example of such a study has been provided by Grover and
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colleagues, comparing the VA and STS cardiacsurgery databases [69]. Grover's findings
were that, in spite of the major difference in th e male proportion of patients between the two
databases, risk factors are otherwise very siilar. Moreover, both databases have shown a
significant reduction in the risk-adjusted operative mortality rate over a decade of provide
risk-adjusted performance to their participan ts, with observed-to-expected death ratios
decreasing from 1.05 to 0.9 in the VA system,and 1.5 to 0.9 for the STS participants. This
reinforces the conclusion that the availability of data reports for practi ce-based learning and
improvement is thus shown to improv e care and outcomes for patients.

As previously noted, procedure volume has lo ng been associated with quality outcomes.
Database reports on outcomes have promptedstudies of procedure volume in comparison
with clinical quality measures—mortality, mo rbidity, and processes of care [70]. For a
voluntary database, critics have expressed cacern that not having full participation can
potentially skew the data, and th us, the outcomes. In this casethe comparison of outcomes
against the higher volume in a larger database (e.g., Medicare), can help to reinforce the
accuracy of the quality of the data reported [71].

The quality measurements in adult cardiac surgery have been applied to develop a
methodology for comprehensive assessment of adult cardiac surgery quality of care,
including both individual measures and an overall composite quality score. A Cardiac
Surgery Performance Measures Steering Commitee and the associated Technical Advisory
Panel convened by the National Quality Forum (NQF) selected a set of 21 structure, process,
and outcomes measures to assess quality of car@c surgery care in the US. Incorporating the
trend in health care quality assessment for the use of bundled measures and “all-or-none”
scoring, the STS Quality Management Taskfore (QMTF) chose eleven individual quality
measures grouped within four domains that included all relevant CABG process and
outcomes measures endorsed bythe NQF. The four domains of STS quality measures are 1)
perioperative medical care of preoperative beta blockade, discharge agirin, discharge beta
blockade, and discharge antilipid therapy; 2) oper ative care of the use of at least one IMA; 3)
risk-adjusted operative mortality; and 4) absence of postoperative morbidity, specifically
renal insufficiency, deep sternal wound infectio n, re-exploration for any cause, stroke, and
prolonged ventilation/intubation [72]. The STS QMTF has developed and tested a composite
measure of cardiac surgery quality that encompasses multiple domains of care, uses
Bayesian random-effects analyses, uses all-cnone scoring where appropriate, and avoids
subjective weighting of individual measures, to provide validated quality measures useful
to various types of users [73]. With the STScomposite quality score in use, Shahian and
colleagues looked at the association of hospital CABG volume to the STS composite quality
score, and found only 1% of composite score variation was explained by volume [70].

5.5. Application of performance measures for improving quality

With the data reports described above, data becomes information provided for self-
examination and self-assessment, which in turn can be the starting point for improving
quality and outcomes. The individual and grou p reports have prompted the response of,
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“What does this mean?...and what can | do to improve it?” This is the start of the necessary
self-examination and self-reflection, followed by system examination, on which to build the
quality improvement. When the data is shared with the other members of the
interdisciplinary team, it is even more powerful, as it prompts self-assessment and drives
buy-in for a collaborative approach to impr ovement. Carefully designed and disciplined
teamwork and reliable implementation of evidence-based protocols applied by an
empowered front line helps make improvements , especially decreasing complications and
increasing cost savings [74].

6. Database use across the continuum of care

6.1. Linkage of databases

The STS database, as a national voluntary participation database, has seen growing
participation, especially over recent years. However, it has still been important to quantify
the completeness of the STS database as represtative of cardiac surgery care in the US. To
that end, the STS linked successfully with the Centers for Medicare and Medicaid Services
(CMS) Medicare database and demonstrated high and increasing penetration and
completeness of the STS database [75]. In addit@in, this linkage should facilitate studying
long-term outcomes of cardioth oracic surgery. The STS Congeital Heart Surgery database
has also performed successful linkage to the Pediatric Health Information System database,
an administrative database. This will similarly allow providers to conduct database research
that capitalizes on the enhancements provided by linking both types of data to answer
important clinical questions [76].

It has been noted repeatedly in this discussion that the surgical databases have focused on
short-term outcomes, with mortality being captured as in-hospital or 30 days. But what can we
learn about how the patients are doing after 30 days? What data sources may be available to
the provider, beyond personal provider or st aff follow-up with the patient and/or his/her
primary physician? The NNE has linked that data base to the National Death Index, to provide
long-term survival outcomes [77]. In the interest of more complete and accurate objective data,
the STS has linked to the Social Security Death Master File, which allows for verification of
“life status.” This successful linkage of the STS database to social sectity data has allowed
examination of survival after cardiac operations—CABG, aortic valve replacement and mitral
valve operations—with initial report ing on one-year survival [78].

In an important study looking at long-term outcomes, the STS, the American College of
Cardiology Foundation, and the Duke Clinical Research Institute are collaborating on a
comparative effectiveness study (American College of Cardiology Foundation—Society of
Thoracic Surgeons Collaboration on the Comparative Effectiveness of Revascularization
Strategies [ASCERT]) of CABG and percutaneouscoronary intervention s (PCI). This study
has developed a long-term mortality (or survival) risk prediction model for CABG and PCl,
i.e., considering outcomes across the continuum of care [79]. In another early report on
comparative effectiveness of revascularization strategies, Weintraub and colleagues have
found that, among older patients with multiv essel coronary artery disease not requiring
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emergency treatment, there was a long-tem survival advantage among patients who
underwent CABG as compared to patients who underwent PCI [80]. Studies like this will
continue to inform providers as they improv e shared decision-making and quality, using
the data-driven comparative effectiveness research.

6.2. Future opportunities for database improvement

Databases have been firmly established assources of data for driving learning and
improvement. Providers who participate in clin ical registries or databases are therefore
facilitating their own individual and collectiv e practice-based learning and improvement.
The variables captured in these databaseswill continue to be improved—by building
evidence-based consensus on definitions, and by addition of variables needed to more
completely represent the patients. In the risk factor discussion above, it was mentioned that
there are aspects of patient condition that are not currently captured—including poor
nutritional status and homelessness. Also discussed under risk factors was the challenge of
capturing rehabilitation potential, relative to anticipated quality of life goal following
postoperative recovery. It should be noted that Afilalo and colleagues have proposed using
an integrative approach combining frailty, disability, and STS risk scores to better
characterize elderly patients referred for cardiac surgery, and especially to identify those at
increased risk [81].

While there is benefit in enhancing the databases by adding or refining variables where
appropriate, it will remain imperative to exercise excellent quality control of data entered
into the database, especially by applying consistent standardized definitions [82]. As the
electronic medical record becomes more pervasive in the US and elsewhere, this process
may become more streamlined, but it will remain important to conduct appropriate audits
for completeness and accuracy of data to decrease variability that would make the data and
derived calculations suspect.

In the spirit of Dr. Codman, who in 1917 called for hospitals to release and compare
outcomes data [2], the STS has initiated voluntary public reporting of database participant
performance [83]. The rationale is to provide transparency and promote accountability. With
implementation, will follow the continued need for appropriate auditing and reporting of
composite measures using credible data and mehodologies, thus decreasing the likelihood
of other entities developing measures from in ferior methodologies which use unadjusted or
inadequately adjusted administrative data [83,84].

7. Conclusion

A complete and accurate database is essential in order to provide vital information to
patients, to providers, and to society. The patient needs valid and accurate prediction
derived from data on procedural risk to aid in decision-making and to set realistic
expectations for outcomes of care. The provider needs a valid and accurate risk prediction
tool with which to appropriately counsel pa tients, families and colleagues. The provider
needs valid and trusted reports on process ard outcome measures in order to carry out
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appropriate and necessary assessment of self ad system by which to improve. The public
needs to see that the providers and the profession are measuring and monitoring, and using
data for improvement of decision -making and care delivery, to ensure safe, timely, effective
care. Cardiothoracic surgeons have been leaders in database develoment and testing, but
even stronger leaders in applying the data to improve practice and outcomes for patients.
This is a critical role and responsibility, but also an opportunity to make an invaluable
contribution to our patients.
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1. Introduction

Robotic surgery using the da Vinci® Surgical System (dVS; Intuitive Surgical, Inc.,
Sunnyvale, CA, U.S.A) has been approved in many countries for cardiovascular surgery,
urology, and gynecology. However, unlike mediastinal tumors, which can be located in
many different sites, in other organs treated with the dVS (heart, bladder, prostate, and
uterus), the targets are generally found in similar locations. Moreover, the anatomical
structures surrounding mediasti nal tumors are vital (heart, aorta, lungs, pulmonary vessels,
esophagus, and vertebrae), and it is crucial to pay careful attention in performing
operations. Video-assisted thoracic surgety (VATS) is less invasive than standard
thoracotomy, but there is the problem of po stoperative pain caused by the inevitable
leverage of instruments on the chest wall during the procedure, and the difficulty of
manipulation in the mediastinum. The most cruc ial aspect is the limited movement of long
rigid instruments (stick surgery). The instrument arms used in the dVS inflict less stress on
the chest wall than conventional VATS, especially when highly skilled techniques are
needed to operate on lesions in difficult-to-access areas [1].

Recently, Ruckert and his colleagues reported a comparison of robotic and nonrobotic
thoracoscopic thymectomy [2]. After a follow-up of 42 months, they reported the cumulative
complete remission rates of myasthenia gravis for robotic and nonrobotic thymectomy were
39% and 20%, respectively. Their conclusionsreveal an improved outcome for myasthenia
gravis after robotic thoracoscopic thymectomy compared with thoracoscopic thymectomy.
In November 2011, Park and his colleagues regorted robotic lobectomy for non—-small cell
lung cancer (NSCLC) concern with long-term oncologic results [3]. This report is the first
concerning outcome about long term prognosis of lung cancer the robotic surgery in a total
of 325 consecutive patients underwent robotic lobectomy for early-stage NSCLC at 3
institutions. They reported that overall 5-year survival was 80% and by pathologic stage,
91% for stage IA, 88% for stage IB and 49% foall patients with stage Il disease. They
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concluded robotic lobectomy for early-stage NSCLC can be performed with low morbidity
and mortality and long-term stage-specific survival is acceptable and consistent with
previous results for VATS and thoracotomy. Th ese data are very important, and these two
reports support the scientific basis of robotic surgery. Thus, robotic surgery has gradually
produced improved clinical outcomes, making it attractive for many surgeons. In the near
future, robotic surgery may replace conventional VATS.

In this chapter, we set out to establish a procedure for resection of a variety of targets
located in various thoracic areas difficult to reach by the VATS technique using robotic
assisted thoracic surgery (RATS).

2. The da Vinci @ surgical system

The dVS consists of a surgeon’s console connected to the body of the dVS, a manipulator
unit with 3-4 instrument arms, including a ce ntral arm to guide the endoscope camera, to
which the surgeon’s movements are transmitted, shown in Figure 1.

Fig.1-a
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Fig. 1-b

Fig.1-c

Positioning of all units for RATS

Appropriate positioning of all units for RATS is essential (Figure 1-a). The operating
surgeon sits at the console (Figure 1-b) and ttere are two operating table surgeons (Figure 1-

c), an anesthesiologist and a sugical nurse. The roles of table surgeons include setting and

adjustment of the arms of the dVS, changing of instruments, surgical assistance using VATS
devices and, most importantly, conversion to op en thoracotomy if necessary, e.g. in cases of
massive hemorrage,, during robotic surgery.

Accurate setup of the dVS is crucial to the success of thoracicoperations, and this varies
according to the location of the target in the mediastinum [4].

The flexible joint movements of robotic surgery enables dissection of tagets located in sites
that are difficult to access in the thoracic space, such as tk upper, lower, anterior and
posterior mediastinum. Dissection of various type mediastinal tumors with this system
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enables an accurate, smooth, andsafe surgical operation, becau® the range of motion of the
robotic arms and wrists within small spac es is extremely extensive. The EndoWris®
operative arm of the dVS is capable of replicating minute human wrist-like movements
within the thoracic cavity (shown in Figure 2). Moreover the EndoWrist® system has motion
scaling that eliminates physiological vibrat ions of the hands of the human surgeon.

Instruments device

Figure 2 shows some of the accessory arms which are useful for general thoracic surgery
(from left side; small clip applier, permanent cautery spatula, DeBakey forceps, monopolar
curved scissors, large needle driver, Maryland bipolar forceps, ProGrasp forceps; usually
attached the monopolar curved scissors on arm 1; as the right hand in thoracic procedure,
and Maryland bipolar forceps or Cadiere forcep s on arm 2; as the left hand in thoracic
procedure).

The endoscope of the dVS systemprovides a 3-dimensional high-resolution binocular view
of the surgical field, and is capable of a 12-fold enlarged view. The operation with the
system enables accurate and simple safe surger, because the range of motion of the robot
arms within small spaces such as the thorax is extremely extensive. The crucial factors for
successful dVS surgical procedures in thoradc surgery are selection of the appropriate
placement and angle of the dVS ports, selectedin relation to the individual target and
patient position, which varies a ccording to the target location.
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2.1. Robot assisted thoracic surgery (RATS)
2.1.1. RATS set up

Care in selecting the pre-setting according to target location is the most important stage for
robotic surgery in such lesions. Adjustments to the position of the instrument arms are also
necessary, depending on the level of the target lesion.

Typical positioning of the instrument arm ports shown in Figure 3 is important. The camera
port is placed approximately 20 cm from the target through the disposable 12-mm trocar.
Instrument arm ports are placed at least 10 cm away from the camera port or the other
Intuitive instrument arm ports. Assistant port (S) consisting of disposable 5-12 mm trocars
are placed at least 5 cm away fromany camera or instrument arm ports.

Positioning of Instrument Arm Port

X In the instrument-port procedure, the first port is positioned for the 3-dimensional
camera placed in the 6-7" intercostal space on the mid-axillary line as shown in Figure
4,

X Another two ports for arms #1 (right hand in the thoracic procedure) and #2 (left hand
in the thoracic procedure) are made. Arm port #1 is usually placed in the 6- 8h
intercostal space on the mid-posterior axillary line, and arm port #2 is often placed in
the 4—6" intercostals spaces on the anterior axillary line for left-sided anterior tumors, as
shown in Figure 4.

X The 4" port is used as an accessory port for other devices such as those for vessel
sealing and clipping, continuous suction, and washing. It is placed at least 5 cm apart
from the other ports to prevent clashing of instrument arms. This accessory port is
usually placed at the additional 1-2 cm incisi on made in the anterior axillary line in the
7-8" intercostal space.

X  The settings of the dVS for thoracic surgery are generally classified into four patterns.
The placement of arm-ports for typically lo bectomy and thymectomy are classified in
the pattern of Figure 4, and as for posterior targets, the approach shown in Figure 5 is
recommended [5].



94  Current Concepts in General Thoracic Surgery

X

For targets located in the opposite side of the thoracic cavity, the system and
instrument ports positions are reversed, and areas for arms #1 and #2 should be
changed correspondingly.

The patient position on the operating tabl e is also extremely important for the dVS
procedure. A semi-lateral prone position is appropriate for resection of posterior
targets, to avoid contacting the lung anteriorly under gravity. The lower limbs of the
patient are also flexed downward so that the pelvis does not disturb the movement of
the instrument arms [5].

In urgent conversion to open thoracotomy cases, it is important to mark a line on the
skin between the instrument-p orts of arm #1 and arm #2.

To widen the narrow working space, CO2 infl ation into the thoracic space (high-flow;
8-10 mm Hg) is carried out during the dVS procedure.

As Figures (4-6) show, target level is very important to decide the direction of approach of
the dVS. Such this idea is a very crucial procedure to lose a perioperative blind spot in
thoracic space.

Appropriate parts replacement for thymectomy and lobectomy

The camera port is placed approximately 20 cm from the target through a disposable 12-mm
trocar. Instrument arm ports are placed a minimu m of 10 cm away from the camera port or
the other Intuitive instrument arm ports. The a ssistant port, containing disposable 5- to 12-
mm trocars, are placed at least 5 cm away from any camera or Intuitive instrument arm
ports. Instrument arms are very useful in general thoracic surgery, especially the monopolar
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curved scissors, the Maryland bipolar forceps, Cadiere forceps and the DeBakey forceps and
the permanent cautery spatula.

Appropriate placement of instrument ports for posterior tumors

Figure 5 shows the pattern of the location for right posterior-upper target with appropriate
placement of instrument arm ports. The 3-D camera port is placed in the area of 6"
intercostal in anterior-mid axillary line. Arm #1 is placed in the 3-4 " intercostal in anterior
axillary line. Arm #2 is placed in the 8-9™ intercostal in the mid-posterior axillary line. The
accessory port is placed in the ¥ intercostal space in the anterior axillary line.
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Appropriate placement of instrument arm ports for the right posterior targets location



Robot Assisted Thoracic Surgery (RATS)97

Fig. 7-a Fig. 7-b

Pitfalls of RATS
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Target level is important to decide the direction of approach of the dVS. Instrument arm

ports for a right posterior target: the camera port is placed in the 6™ intercostal space area on
the anterior axillary line; arm #1 (A and B) is placed in the 3—4" intercostal space in the
anterior axillary line; arm #2 (A and B) is placed in the 8-9" intercostal space in the mid-
axillary line; an accessory port is placed in the 5" intercostal space in the anterior axillary

line. For a left-sided target, both arms (#1 and #2) should be interchanged.

2.1.2. Pitfalls of RATS

Arms of the dVS can be difficult to change position intraoperatively unlike in VATS so that
preoperative fixation is impo rtant as described previously. That is the reason why the
primary positioning of each unit and setting of instrument arms of the dVS is an essential
step for the RATS procedure. The most important point regarding safety is to ensure a
setting that eliminates or minimizes any blin d spots of the console-operator, depending on
target localization.

In clinical cases, trouble due to inappropriate manipulation in the blind spots (Figure 7-a;
violet areas) in thoracic procedures seem empirically to depend on lack of function in that
the tentacle of the arm tip against the organ is not transmitted to the console-operator. If the
instruments give damage to lung in blind area, the operator sitting in the console could not
know how to avoid this accident except for confirming with their own eyes.

In insertion of devices into the thoracic cavity and also in replacing them, it is essential
during the process to confirm the exact position of the arm tip while watching the
movement of the arms in the thoracic cavity closely by camera surveillance. Furthermore,
table surgeons occasionally need to confim the intrathoracic space with another sub-
monitor or wide-view camera for safe manipulations during operation shown in Figure 7-b.
These pitfalls are also crucial points for procedures in the abdominal space, and steps to
avoid them can lead to the minimization of accidents.

Violet areas, which areas show the intrathoracic instrument port, are sometimes blind-spot
from central camera view.

3. Future developments

RATS is generally better for the treatment of targets located in difficult to access areas than
conventional VATS. However, the positioning of all units and the location of arm ports need
suitable directional setting, which depends on the target location.

Several support safety developments are expectedin the near future.
These ideas include following;

X instruments with tactile sensor tips,
X wide-angle view combined with the 3D main camera to eliminate blind spots,
X installing several supplementary cameras for total coverage of blind areas,
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X devices uses in conventional VATS, i.e., stapler, vessel sealing system, soft coagulation
device.

Reduction in size and weight, and a more economical price is always a problem for the dVS.

In addition to reduction in size, the manipulati on of several arms through a single thoracic
incision has become possible. Furthermore, surgeons should be able to perform detailed
treatment within the thoracic sp ace even in areas difficult to reach and very tiny spaces in
which to perform manipulation. In this way po ssibilities will continue to improve. Moreover
the speed of such improvements might begin to increase exponentially.

That this is technology for the patient entirely is something that a surgeon must never
forget, and it means that primarily we mu st think first about safety for patients.
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1. Introduction

The surgical implantation of a valved conduit to establish the continuity between the right
ventricle and the pulmonary artery made possible the repair of a huge variety of complex
congenital heart defects.

Diagnoses included tetralogy of Fallot, pulmon ary atresia with ventricular septal defect,
truncus arteriosus, transposition with ventricu lar septal defect and pulmonary stenosis or
atresia, and various forms of double outlet righ t ventricle, ventricular septal defect, with or
without pulmonary stenosis (1-7).

Right ventricle to pulmonary artery valved cond uits have also been used in the pulmonary
autograft replacement (Ross procedure) (8,9).

Various types of prosthetic and biological valv ed conduit have been used through the last
decades, generally with satisfactory early hemodynamic performance, but most have been
abandoned because of unsatisfactory long-term results.

Since any type of valved conduit utilized for clinical application present with some problem
or complication in the long-term observations , the search for the ideal conduit is still
ongoing.

For the decision making process among the various valved conduits currently available for
surgical implantation, several options have been to taken into consideration regarding the
type of conduit.

I NT E C H © 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
open science | open minds and reproduction in any medium, provided the original work is properly cited.
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2. Types of biological valved conduits

2.1. Dacron valved conduits

Prosthetic Dacron conduits with incorporated a biological valve, porcine, bovine, or
constructed with heterologous pericardium, have been used in the early period of this type
of surgery (4-7,10).

The main advantage of this type of conduits was the off the shelf availability in a complete
range of sizes, which made their use very attractive and practical.

The medium term results of Dacron valved conduits were complicated by failure of the
condulits due to two main reasons (5-7,10-18):

a. the rapid development of thick pseudoin tima, causing conduit obstruction;
b. the rapid calcification of the glutaraldehyde preserved porcine valves, particularly in
young children.

The combination of pseudointima formation and valve calcification resulted in conduit
obstruction substantially reducing the freedom for conduit replacement, even in children
where large size conduit had been implanted.

In favor of this type of valved conduits remained the slow and easy to detect progression of
conduit stenosis, allowing timely plan of co nduit replacement, facilitated by the easy
shelling out of the covering pseudoadventitia, with a relatively low risk operation.

More recently aceptable long-term results have been reported with Dacron porcine valved
conduits used for the right ventricular outflow tract reconstruction, particularly in patients

with limited pulmonary vascular bed and high pulmonary artery pressures (19). Even in
this reported positive experience the main lim it of these conduits remained their rigidity,

reducing the suitability for neonates and small infants.

2.2. Aortic and pulmonary homografts

After the first report of Rastelli on 1965 (1), Ross on 1966 introduced the use of the aortic
valve with aortic root and ascending aorta to obtain the continuity between right ventricle
and pulmonary artery with a biol ogical valved conduit (2).

The homografts introduced by Ross were harvested from human cadavers, generally within
24-48 after death; after dissection they were treded for few days with antibiotic solution and
then stored for up to 4 weeks at 4qC in either a balanced salt solution or in a special tissue
culture medium (2).

Two changes were subsequently introduced in the homografts preparation:

a. homografts were sterilized by high-power irradiation
b. homografts were freeze dried

The combination of the two above techniques resulted in cells death, with severe damage to
the collagen of the homografts, and particularly to the valve leaflets, resulting in conduit
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valve stenosis. As a result the use of frozen conduit with the above preparation has been
abandoned, and few hospital in Europe continued to use fresh, antibiotic sterilized conduit
(20,21).

Unfortunately became evident from clinical studies that homografts stored at 4qC were
gradually losing cellular viability and tissue in tegrity; because of these reasons the fresh
homografts had to be discarded 4 to 6 weeks after preparation because not suitable for
clinical utilization.

The consequence was a homograft shortage, partialarly for the smaller sizes, required for
implantation in small children, due to the limited number of donors.

Major progress in the utilization of homo grafts has been the introduction of
cryopreservation technology in the preparation, particularly with the controlled freezing to
the temperature of liquid nitrogen (-196 qC). This method allowed a large scale introduction
of homografts in the clinical practice, despite issues related to the cellular viability of donor
cells in the maintenance of the homografts durability (22-26).

The results provided by homografts on medium and long-term clinical observations were
quite good, and nowadays these results are still used as comparison with any other type of
biological valved conduit introduced in clinical practice (27-28).

Nevertheless the utilization of homografts present with the following issues:

a. the choice between aorticand pulmonary homografts
The arterial wall of pulmonary homografts is thinner (60% thickness) than the wall of
aortic homografts, and the elastin concentration is less.
Because of this combination rapid dilatation of pulmonary homografts has been
reported when implanted in children with  pulmonary hypertension, and therefore were
exposed to systemic pressure (22,23).

b. the rapid outgrowth of the conduit when implanted in infants and small children
Longitudinal growth can result in leng thening and narrowing. Severe degree of
calcification, due to he accelerated calcium metabolism in children, can reduce the size
of the homograft lumen, and also the valve leaflets can rigid and stenotic, and also
calcified (29-31). This can oblige to an early conduit replacement, even if very long-term
observations have been reported, up to 21 years (32).

c. the reduced availability
Homografts are not always available worldwide, particularly in the small sizes
frequently requested for implantation in in fants and small children. The technique of
bicuspidalization of adult size homografts has been utilized in order to produce
homografts of small size, with decent results even recently reported at long-term
follow-up (33).

d. the immunitary reaction
In most children where an homograft gas been implanted, humoral antibodies
developed against human leukocyte antigen specific to the transplanted tissue. Host
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antigen recognition and antibody deve lopment may be linked to early tissue
calcification and structural valved deterior ation with valved conduit failure (34-36).

2.3. Bovine jugular vein

The bovine jugular vein (Contegra®, Medtro nic Inc., Minneapolis, MN), containing a

trileaflet valve, was introduced into clinical practice as an alternative to the use of
homografts in 1999 and has provided encouraging results in several reported clinical series,
with follow-up reaching more than 10 years (37-45).

Recognized advantages of thebovine jugular vein are:

a. structural continuity between the wall of th e jugular vein of the conduit and the valve
leaflets, which provides optimal hemodynamics because of the ideal effective orifice
area

b. unlimited “off-the-shelf” availability in size s from 12 to 22 mm diameter, representing a
good alternative to the homograft shorta ge, particularly in the smaller sizes

c. availability of a long length at both inflow and outflow that obviates the need for either
proximal or distal augmentation; this facili tates conduit tailoring and positioning which
helps to avoid potential distortion and sternal compression

d. exceptional reports of antigenic reaction, due to glutaraldehyde fixation

In contrast to the good clinical results obtained in several institutions (37-45), a disturbing
sequence of publications reported stenosis atthe level of the distal anastomosis of the
conduit, with proximal conduit dilatation, an eurysm or pseudo-aneurysm, in between 6 and
50% of patients (39,40,42,46-54).

The problem of conduit dilatation related to obstruction at the distal anastomosis has been
reported as a specific complication of the bovine jugular vein (46-54).

The following mechanisms were recognized as potential causes of distal stenosis:

presence of hypoplasia and/or distal stenosis of pulmonary artery branches
discrepancy in size between conduit and pulmonary artery

surgical technique

local immunologic/inflammatory reaction

local peel formation

thrombosis

a combination of two or more of the above (55).

@ 0o oo0op

The impact of the surgical technique has previously been studied using Computational
Fluid Dynamics comparing two types of distal anastomosis: the conventional end-to-end
“circular” anastomosis versus the oblique “elliptical” anastomosis with the incision extended
on to the anterior aspect of the left pulmonary artery and the distal end of the conduit
obliquely tailored.
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The study confirmed a larger cross sectional area in the ‘€lliptical” compared to the
“circular” type of anastomosis along with more homogeneous velocity, pressure and shear
stress distribution (55).

These results suggested that the “elliptical” anastomosis might reduce the incidence and
degree of distal stenosis, partiaularly for smaller conduits.

We have therefore adopted this technique for the distal anastomosis, and in addition careful
rinsing (5 minutes X 3 in different saline solutions) of the bovine jugular vein before
implantation to clear the glutaraldehyde to reduce the inflammatory reaction, and
avoidance of oversized conduits to reduce the discrepancy between conduit and distal
pulmonary artery size (45).

Using this protocol the distal conduit stenosis has became a rare observation in our
experience even with the smaller conduits (45).

Early calcification of biological valved conduits is frequently reported with homografts,
particularly the smaller size conduits implante d in infants or small children in the first few
years of life (30,37).

In our experience early conduit calcification causing hemodynamic consequences was hever
observed, confirming our own previous obse rvations and those of other researchers
(39,40,42,45).

We speculate that rinsing the glutaraldehyde off before bovine jugular vein implantation
reduces the calcium deposition and then prophylactic antiplatelet treatment (Aspirine 5
mg/kg/day), started immediately after surgery and continued at least for one year, may play
arole.

2.5. Tissue engineered decellularized allografts

The most recently introduced biological valv ed conduits are the decellularized valved
conduits.

The principle for the preparation is the decellul arization process applied to allografts tissue
to reduce the antigenicity. The mechanism of decellularization result in the removal of all

native cells from the collagen tissue of the exracellular matrix, with only the collagen and

elastin remaining within a structural integr ity maintained. The removal of the cellular
material should reduce or eliminate the i mmunologic response and leave the functional
vascular matrix available for autogenous remodeling. The progressive migration of the
recipient-specific cells into the matrix nay ev entually make the graft indistinguishable from

other endogenous tissues (56-61).

Different techniques have been used for decellularization, as well as they have been applied
to either fresh or cryopreserved valve matrix.

The clinical reports so far were limited to a relatively short follow-up, and therefore longer
periods of observation are required before considering this type of conduits as a reliable
alternative to the conventional biological valved conduits.
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3. Size of the biological valved conduits

The significantly higher incidence (29.4% versus 3.1%, P<0.0005) of conduit failure observed
with smaller (12 and 14mm) compared to larger (16 to 22mm) bovine jugular vein conduits
was directly correlated to the age and body weight at implantation, and was due to the
patient outgrowing the conduit (45).

This is a recurrent problem observed with any type of biological valved conduit implanted
in small patients, when a difficult balance has to be reached between the need to limit the
size of the ventriculotomy, the space available in the mediastinum (particularly in heart
defects with anterior aorta), and the instinct to implant the largest possible conduit to avoid
early reoperation (30,37,45,62,63).

It has been reported that implantation of oversized pulmonary valved conduits doesn'’t
improve the durability even in infants at high risk of somatic outgrowth (30,37,64).

Since it has been demonstrated that sizing the valved conduit with a Z-score between +1 and
+3 minimizes both the post-operative peak pressure gradient through the conduit and the
progression of conduit valve regurgitation (64), it is reasonable to implant a biological

valved conduit with a Z-score between +1 and +3 in all patients under 2 years of age.

With this regard the choice of relative small size valved conduit is limited by the reduced
availability of homografts in small sizes.

4. Conclusions

The ideal biological valved conduit to establish right ventricle to pulmonary artery
continuity for the surgical treatment of comple x congenital heart defects doesn’t exist yet.

Particularly when the operation has to be performed in infants and small children, at least
one reoperation has to be planned to replace the original conduit with a larger size conduit.

Alternative surgical options are taken in consideration, like the use of a non-valved conduit
implantation to delay the conduit failure due to progressive stenosis and dysfunction of the
conduit valve (65-70).

The data available in the literature show that, on a midterm basis, the use of non valved
conduit may decrease the need for re-operation for right ventricular outflow tract stenosis
and may promote an adequate growth of the pulm onary arteries in selected congenital heart
defects, like truncus arteriosus (65-70).

In infants and smaller children where a valved conduit is required, the choice of homografts
is limited by the reduced availability of small sizes, and therefore other types of biological
valved conduits are utilized more frequently . Because of this reason, the surgeons still
preferring the homografts have used the technique of bicuspidalization of adult size
homografts to produce homografts of small size (33).
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In older children and young adul ts, since the availability of homografts is extremely variable
from country to country, at the moment ther e is the possibility of deciding among various
alternative options, with biological valved conduits available off the shelves in all range of
sizes.

At the end the choice regarding type and size of conduit depends upon the mismatch
between the congenital heart defect of the specifc patient, the local availability of conduits,
and the personal experienceof the individual surgeon.
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1. Introduction

The surgical management of aortic root pathology is complicated and challenging. The
dynamic structure of the root serves the purpose of being the outflow tract of the left
ventricle, a conduit to coronary perfusion, and path for blood flow to the end-organs. The
anatomy of the aortic root is the basis of what leads to complex problems needing surgical
correction including aortic valve repair, aneurismal disease of the sinuses and root,
dissection of the ascending aorta, in addition to other surgically correctable disorders. The
anatomy, pathology, pathophysiol ogy, and imaging, as well as the surgical management of
the aortic root will be discussed.

2. Anatomy

The aortic root is proximally defined as the le ft ventricular outflow tract and distally defined
as the ascending aorta at the sinotubular junction. (Figure 1) Critical structures of the root
include; the aortic valve, sinuses of Valsalva, coronary ostia, and transition at the
sinotubular junction into the ascending aorta.[1]

The leaflets of the aortic valve form a transient barrier between the left ventricular outflow
tract and the lumen of the proximal aorta. Le aflets are individually suspended around the
aortic annulus. [2] There is debate between surgeons and anatomists regarding the anatomy
of the fibrous annulus. [1,2] Surgeons grossly perceive the annulus to be a circumferential
fibrous structure while anatomists have identified individual histologic hinge points for
each of the leaflets. All three leaflets have arigid border (lunules) which lie adjacent to one
another when the aortic valve is in the closed position.[1,3] The lunule s of each triangular
shaped leaflet convalesce at the apex of the laflet to form the nodule of Arantius. While the
leaflets are able to form a uniform barrier in the closed position along the commissures, they
have separate dimensions which affect the flow dynamics and coronary perfusion during
systole.[3] The superior side of each leaflet is basket-shaped (open to the aortic lumen) and
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forms a raphe when closed. Each leaflet is namel based upon the respective coronary artery
and therefore they are termed the left, right, and non-coronary leaflets. The left coronary
leaflet has a larger surface area than the righ and non-coronary in the normal valve.[1]

Sectioned aortic root. Hollow arrows signify th e sinotubular junction. L, R, and N correspond
to the left, right and non-coronary sinuses. Solid black arrows identify the right and left coronary ostia
that are located adjacent to their respective sinusest

In the space immediately superior to the leaflets are the sinuses of Valsalva. The most
superior border of each sinus forms the sinotubular junction, a fibrous ridge on the luminal
surface.[1,2] In vivo studies have shown that the sinuses not only collect blood during
diastole, but dynamically dilate to potentate flow to the coronary ostia. [4] During systole the
leaflets project superiorly into the sinus allowing blood to pass into the aortic lumen.[1]
Diameters of the sinotubular junction and aortic annulus as well as dimensions of the
sinuses of Valsalva are critical in patients needing aortic root surgery, especially in cases of
aortic root replacement. Each of these vaiables is dependent on individual patient
characteristics such as age, body surface areaweight, height, and an individual's fitness.
[5.6]

The most critical function of the aortic root is to perfuse the coronaries. Typically there are
two coronary ostia that perfuse the left and ri ght coronary arteries, respectively. Multiple

ostia for both coronaries, however, is not rare and knowledge of ostia anatomical variation
is crucial during an aortic root reconstruction and coronary angioplasty.[7,8] In a study by
Pejkovic et al, ostia were located 2-10mm inferior to the sinotubular junction in 90% of cases.
Additionally, separate conal ostia from the right sinus of Valsalva were found in 33% of

cases. The pathologic significance of left and right coronary arteries originating from only

one ostia (from either the left or right sinus of Valsalva) has a noted correlation with sudden

death at a young age. This anomaly is exceedingly rare.[8]

Histologically, the aortic root is a significant point of transition with regard to supportive
tissue. Proximally, collagenous fibers help support the annulus of the aortic valve. The
majority of proximal root support, however, is composed of myocardial fibers with a
superficial layer of endocardium. More distally, the sinuses of Valsalva has dense elastic
fibers interspersed with regions of woven collagen forming the ridge of the sinotubular
junction. In regard to the lining of the aortic root lumen, the leaflets are the transition point
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of for which endocardium lines the inferior surface of each leaflet while endothelium lines
the superior surface.[2]

3. Pathology of the aortic root
3.1. Aortic valve disorders

3.1.1. Congenital

Bicuspid aortic valves are present in approximately 0.5-2% of the population.[9] Rather than
a simple failure of fusion of two cusps, embryology studies with animals portray a complex
interaction between intracellular pathways and between individual stem cells.[9] Multiple
formations of bicuspid valves have been described in addition to variable surface sizes
(Figures 2 and 3). The most common bicuspid formation is anterior-posterior in nature with
the left and right coronary ostia sharing the raphe of anterior sinus of Valsalva.[12] Bicuspid
aortic valves, and the associated aortopathy, canlead to valvular stenosis and regurgitation,
as well as ascending aneurysms and dissections. Or-fourth of patients with bicuspid valves
will have normal valvular function and, in one natural history study, required no medical or
surgical intervention at 20 years of follow-up.[13,14]

A normal valve in the open and closed compared to a bicuspid valve. Fusion of two leaflets is
noted in the closed bicuspid valve positions. The relative frequency of each morphological abnormal
leaflet fusion is depicted. 10

Unicuspid and quadricuspid valves also exist but are less common. Unicuspid valves occur
in approximately 1 of 10,000 individuals and pati ents seem to have similar valve and aortic
pathology as compared to patients with bicuspid valves.[15,16] The prevalence of unicuspid
aortic valves are so rare that the risk of aortic root disease can not be quantified by clinical
studies; only case reports and summaries exist. Likewise, quadracusp valves are rare
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occurring in 1-10 patients per 100,000. It usually leads to insufficiency at an early age. [17]
Anecdotally, authors recommend stress testing prior to undergoing valve replacement. [17]

Congenital bicuspid valve as seen from the root position, in vivo. Bulkly calcifications cover
the lumenal surface of the valve. One such macroailcification is identified by an askerisk.[11]

3.1.2. Aquired

The most common acquired condition of the aortic valve is calcific valvular disease.[18] This
typically leads to aortic stenosis but can also cause a mixed pathology of both stenosis and
regurgitation. During 2009 in the United States alone, over 40,000 patients underwent aortic
valve replacement (AVR) with or without coronary artery bypass grafting.[19] Isolated
infection of the leaflets typically leads to regurgitation. Usually both of these conditions are
not considered “root” problems as they can be treated with surgical replacement of the
aortic valve, however they can evolve into r oot problems when calcium deposition in the
aortic wall becomes severe or the infection forms a root abscess, as will be discussed.

3.1.3. Aneurismal disease of the root

Since the ascending aorta begins at the level ofthe sinotubular junction it is frequently
involved with any aneurismal root pathology. Hence, any discussion of root pathology often
involves the ascending aorta aswell. The ascending aorta is consdered to be aneurysmal if
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the diameter is greater than 3.5cm.[20] Tke aortic root, however, is not considered
aneurismal until it is greater than 4cm.[21] Aneurysms of the root and ascending aorta have
multiple etiologies including genetic, inflamma tory, acquired and infectious. Disorders that
cause degenerative changes in the root wallare most common. Aortic root aneurysms are
common, accounting for roughly 70% of all th oracic aneurysms.[22] The risk of fatal
complications of these aneurysms strongly correlates with aneurysm size. In one natural
history study, the risk of death, dissection, or rupture in patients with aneurysms >6 cm had
an incidence of 15% per year.[14] Reports ongrowth of the aorta are variable with some
reports showing little growth while others report growth of up to 0.2 cm/year in patients
with aortic stenosis and a bicuspid valve.[14]

3.1.4. Genetic

Marfan’s Syndrome, Loeys-Dietz syndrome, Ehlers-Danlos syndrome as well as others are
known genetic causes of aneurismal dilatation.[23,24,25] These disorders cause deficits in
the formation of the aortic wall during embryogenesis and lead to flow abnormalities. This
eventually can result in aneurysm formation.

Marfan’s syndrome is a well-characterized, auto somal-dominant disorder that causes cystic
necrosis within the media layer of the aortic wa ll. These patients have mutations in a single
fibrillin gene, FBN1. Prevalence of Marfan’s ranges from 1 in 10,000 to 20,000 people.[26]
Although aortic root problems have the most dramatic sequelae in patients, other systems
are adversely affected by this single gene muation including the lungs, bones, muscles, and
the central nervous system. Aortic dissection and subsequent rupture is the most common
cause of sudden death in Marfan patients.[27] Pdients with Marfan’s associated aortic root
dilatation are recommended to undergo surgical repair if the diameter of the aorta is
>4.5cm.[23] Diagnosis of the disorder at a young age is crucial to prevent catastrophic aortic
complications, yet 24% have the initial operation in an emergency setting.[28]

Loeys-Dietz Syndrome is an autosomal-dominant disorder that became known for having

an association with aortic root aneurysms. The disorder was first discovered in 2005.[29] The
baseline aortic diameter in these individuals are small, yet have a tendency to dissect or
become aneurismal at a young age. When acending aneurysms are identified in these
patients, one group of authors recommended fixation when the size reached 4.2 cm.[23]

Ehlers-Danlos Syndrome is an autosomal-dominant disorder with many subtypes and each
subtype typically leads to specific end-organ pathology. Vascular type (Type 4) Ehlers-
Danlos Syndrome is prone to cause dissectionwithout aneurysm form ation.[29,30] Surgical
results in these patients have been poor.[30]

Patients with a bicuspid aortic valve are predisposed to root aneurysms because of the
associated aortopathy. An exact inheritance pattern for bicuspid disease has not been
determined, rather, it's believed that most casesof bicuspid valves are due to multiple genes
that interact causing abnormal root structur e.[31] Researchers believe that pooling the
genetic and histologic changes identified in bicu spid valve patients ultimately leads to aortic
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root dilatation. Root enlargement is described at a younger age in patients with bicuspid
valves and therefore the risk of root disease ishigher in these patients.[32] The development
of root pathology in patients with bicuspid valves is described later in the chapter.

3.1.5. Inflammatory

A variety of inflammatory disorders affect aortic compliance leading to aneurysm formation
and dissection, prompting the need for surgical repair.

Giant cell arteritis (GCA) causes inflammation of the endothelium typically involving the
temporal arteries leading to malaise, frequent temporal headaches, fevers, and jaw
claudication. Infrequently patients will have complete visual loss. The gold standard of
diagnosis remains temporal artery biopsy. The temporal artery is found to be involved in
approximately 50% of specimens while the proximal aorta and immediate branches have
less frequent involvement, 10-15%.[33] In astudy of autopsy specimens, 4 in 1000 specimens
had giant cell arteritis while 1.5 per 1000 were found to have dissection.[34]

Takayasus’s arteritis is a form of large vessel vasculitis characterized by granulomatous
inflammation in the aortic wall leading to in timal fibrosis and narrowing. Early symptoms are
non-specific including malaise, fevers and rigors while late phase symptoms are ischemic in
nature consisting of syncope, angina, and visual disturbance.[35] In rare cases, rupture of the
aorta and proximal branches is caused by aneuismal disease of the vessels. Survival with
rupture of a lesion due to Takayasu'’s disease isexceedingly rare. The mainstay of treatment is
systemic corticosteroids.[36] In cases of aneurgm formation, surgical intervention should be
delayed until the acute inflammatory phase has resolved.[37,38]

Other inflammatory disorders account for a mino rity of aortic root pathology. Reiter's

syndrome is an autoimmune inflammatory disease that is characterized by reactive arthritis.

There are rare cases of ascending aneurysms ah severe aortic regurgitation in patient’s

with longstanding inflammatory responses in severe cases of Reiter's.[39] Ankylosing
spondylitis is an inflammatory disease that has a strong association with HLA-B27 and is
characterized by joint pain involving the ax ial skeleton. Nearly 20% of patients with

ankylosing spondylitis required aortic valve replacement in one case control study.[40]

3.1.6. Infectious

Infections of the aortic valve that are uncontrolled can lead to spread to contiguous
structures, i.e. spread to the aortic wall causing dehiscense and formation of root abscesses.
Left unchecked, the infection can erode further leading to involvement of the mitral and
tricuspid valves as well as fistulization to atria and right ventricle.

Syphilis once had a significant impact on the cardiovascular morbidity of the United States
population. The need for surgery in the management of cardiovascular complications of
syphilis in the past fifty years has been exceedingly rare. Patients in need of surgery because
of these complications are usually not diagnosed until after fixation. When surgical
correction is required, ascending aortic involvement is diffuse, starting at the sinotubular
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junction proximally and extendin g distal to the arch. Grossly and histologically the aortic
wall is comparable to those patients with GCA or ankylosing spondylitis.[41]

3.1.7. Calcific atherosclerosis

Calcific atherosclerosis of the coronaries is well characterized in the literature. However,
within the past decade implications of a heavily calcified aortic root have also become
evident, especially in association with calcific aortic stenosis. This may make aortic valve
replacement complicated and necessitate root replacement. Severe calcification of the aorta
can also extend distally. Cardiac surgeons areaware of the consequences of negligent cross-
clamping. Significant aortic calcification as assessed by an intraoperative ultrasound in
patients undergoing cardiac surgery is an independent predictor of poor neurologic
outcome and all-cause mortality.[42-44].

A large sinus of Valsalva aneurysm highlighted by the large bold arrow. A small solid arrow
within the aortic lumen identifies the inflow tract to the aneurysm. A small pericardial effusion is
associated with the aneurysm (hollow arrows).[41]

3.1.8. Sinuses of Valsalva aneurysms

Aneurismal disease of the sinuses of Valsalvaoccurs between the aortic valve annulus and
the sinotubular junction (Figure 5). Relative to the spectrum of other aortic root pathology,
sinus of Valsalva aneurysms are very rare. Studies of large patient series show that the rate
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of these aneurysms found in all cardiac operations is roughly 0.5%, and more so in Eastern
populations. Most have extended adjacent to the left ventricle by the time of surgery.[45,46]
The sinus most commonly involved is the right coronary, followed by the non-coronary and
left coronary sinus.[47] Indications for surgery include rupture, infection, and flow
impedance of the coronary ostia. The goal of surgery, regardless of the specific technique, is
to close the defect of the wall, resect the fistuh if present, and resect the aneurysm sac.[50]

3.1.9. Aortic root trauma

Traumatic injury to the aortic root requiring operative management is rare, yet one needs to
be aware of the injury pattern and understand indications for operative repair. Blunt

thoracic aortic traumatic injury usually occurs at the level of the ligmentum arteriousum just

distal to the branch point of the left subclavian artery.[49] A minority of injuries, <10%,

occur at the level of the ascending aorta.[49] When aortic injuries are identified, surgery can
often be delayed until other traumatic injuries are corrected according to Mattox et al.[50]

Those patients who are at highest suspicion of aortic injury need CT angiography. The
sensitivity of CT is typically high enough to use for screening, however, the assessment of
the aortic root is currently regarded as inadequate.[51] Well designed studies in the last two
decades sought to provide evidence that transesophageal echocardiogram (TEE) was a
reasonable screening test, however, it was nobetter than CT with regard to all thoracic
injuries.[52-54] When sensitivity, cost utilizat ion, and quality of life on follow-up are given
equal consideration, it is advocated that chest radiograph and aortography continue to be
the best diagnostic tools to assess foproximal aortic and root injury.[55]

Patients with root injuries often have other ma jor injuries requiring management prior to the
root and aorta.[56] When surgical repair is indi cated it is frequently for contained rupture of
the aortic wall. Because the injury is often distal to the sinotubular junction, surgical fixation
is feasible.[57] Injuries to the aortic valve leaflets, sinuses, and coronary ostia have also been
reported, but only in case reports due to the lack of prevalence.[58,59]

4. Pathophysiology and presenta tion of aortic root disease
4.1. Aortic stenosis

The etiology can be divided into three separate categories including postinflammatory
scarring, senile calcific stenosis, and calcific senosis of the congenitally deformed valve.[60]
Rheumatic fever accounts for less than 10% ofall cause aortic stenosis and continues to
decline in modern society but is still very common in underdeveloped countries. Regardless
of the etiology of aortic stenosis, all have the potential to progress to left heart failure if left
untreated.

Grossly, calcific disease of the aortic valve is a heaped up mass of calcium that usually
projects into the sinuses.[61] Only recently is this process of calcium deposition being
understood as an active regulatory process raher than degenerative. Calcium deposition on
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the valves is the result of a complex interaction between interstitial cells via paracrine
signals.[62]

Valvular sclerosis eventually leads to a pressure gradient between the left ventricular
outflow tract and aortic lumen. The left ventri cle attempts to compensate and overcome this
pressure gradient to maintain perfusion by concentric hypertrophy of the myocardium.[62]
Clinically this corresponds to the three hallmarks of aortic stenosis including angina,
congestive heart failure (CHF), and syncope. Symptom severity directly correlates with
prognosis, as 50% of patients with CHF will die in 2 years without intervention.[63]

4.2. Aortic regurgitation

Regurgitation of flow into the left ventricle occu rs during the diastolic phase. Causes of this
reverse flow are numerous, however, the predominant causes of include calcific stenosis
and a dilated aortic root.[61] Calcific stenosis leads to stiff leaflets that stay in a fixed open
position, even in the diastolic phase, and this allows for reflux into the left ventricle.[61]
Aortic root disease causing valvular regurgitatio n is due to tension on and retraction of the
cusps. [14]

The Starling principle demonstrates the stretch of the myocardium is increased due to
volume expansion from the regurgitant blood.[64] Cardiac contractility is increased due to
an added volume at end diastole. This creates a vicious cycle of increased output due to
contractility, yet there is also gradually increasing regurgitant flow as left ventricular output
increases. Chronically, the forces of volume ard pressure overload in addition to increased
contractility lead to eccentric hypertrophy. Hypertrophy leads to increased myocardial wall
tension causing to fibrosis and ischemia.[65] Chronic reflux of flow back into the left
ventricle causes a combination of pressure and volume overload.[65]

Signs and symptoms are not noted until the patient develops congestive heart failure.
Patients without significant predisposing fact ors (Marfan’s or bicuspid valve) however may
have progressive regurgitation for decades without symptoms.[66] The first symptoms to
develop are disguised as primarily pulmonary complaints such as exertional and nocturnal
dyspnea. Some patients complain of vague thoracic pain or headaches. Angina is a late
finding that signifies end stage left ventricular function.[67]

4.3. Type A dissection

A dissection occurs when there is a tear of the intima and a tunneled pathway is made
between the media and adventitia parallel to th e lumen of the blood vessel. This dissection
flap that is created diverts blood flow through true and false lumens with the false lumen
created by the dissection.[68] Type A dissectbns are located in the ascending aorta and are
known for having a high mortality.[69] With respect to the aortic root, patients with
dissection can have dilated sinuses, aortic regurgitation, and acute pericardial tamponade
and therefore repairing the dissection may also include root replacement or modification.
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A number of factors predispose certain populations to getting Type A dissection including
genetic and aquired diseases.[70] Once the dissetion flap is made, the false lumen diameter
expands and there is elongation of the false lumen. It is hypothesized that the false lumen
enlarges and true lumen collapses over time for two reasons. First, the relative over-
abundance of elastin within the wall of the true lumen causes it to be more compliant and
compressible. Second, the pressure within the false lumen is higher causing the dissection
flap to collapse the true lumen.[70]

Symptomatically, Type A dissection is characterized by what is often described by patients
as being “ripping” or “tearing” chest pain . Because dissections are known to travel
retrograde, patients may have profound hy potension if the dissection involves the
pericardium or aortic valve. Pericardial tamponade complicates approximately 20% of Type
A dissections.[71]

4.4. Ascending aorta & root aneurysms

The majority of patients with ascending aneu rysms have inherent tissue abnormalities that
result in a weak aortic wall. The most well described disorders associated with proximal

aortic aneurysms of patients with a bicuspid valve and Marfan’s. Both abnormalities cause
cystic medial necrosis by replacement of normal elastic mesenchymal cells with mucoid
degenerated cells.

Patients with Marfan’s and thos e with bicuspid aortic valves also have degenerative changes
in the media.[72] The aortic roots have variable amounts of elastin and larger baseline aortic
root diameters than the general population.[ 73-75] The underlying genetic association has
yet to be determined.

5. Imaging of the aortic root

Imaging modalities most readily available for a ssessment of aortic root pathology include,
echocardiography, both, transthoracic (TTE) and transesophageal (TEE), computed
tomography (CT), angiography, and magnetic resonance imaging (MR). Each has
advantages and disadvantages when analyzing abnormalities and planning for surgical
repair.

Echocardiography can assess aortic root andvalve anatomy and function however, it does
not give good views of the distal aorta. Echo is also very useful for imaging other heart
valves and ventricular size and function, all important for op erative planning. While TTE is
known to give accurate measurements of aortic root structures, it is not able to adequately
detect dissection locations or extent of dissection with accuracy.[76] TEE, has proven to be
safe and effective in the pre and post-operaive assessment of patients with aortic
dissection.[77,78]

Computed tomography is an attractive me ans of assessing the ascending aorta when
pathology such as dissection, aneurysm formation, ulceration, and intramural hematoma
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are suspected. Arterial wall enhancement with contrast is necessary forthis technology to be
utilized and patients with renal dysfunction or contrast allergy may have a contraindication.
Low volume contrast studies have recently been used safely in patients with renal
dysfunction.[80] Most series report the sensitivity for Type A dissection to be >90%.[81] Due
to the varying degrees of signal enhancement, CT is able to distinguish between the false
and true lumens in addition to the presence of thrombosis or communication of the false
lumen. Similarly, the assessment of ascending aneurysms is accurate because of CT’s ability
to determine size, relative assessment of flow, and the aneurysms relationship to
surrounding vital structures.[80] With regard to valve pathology, multidetector CT is able to
provide an accurate depiction of aortic annulus size, valve calcification, and degree of
stenosis as compared to preoperative TEE and MR.[82] CT scans may be used to image the
coronary arteries, heart and other thoracic structures. Indeed, heart surgery has been done
safely without coronary angiogram in pa tients with normal coronaries on CT
angiogram.[83,84]

Sensitivity Specificity
Echo (TEE) 95-99% 92-97%
Helical CT 96-100% 87-99%
MRI 95-99% 95-100%

Result of meta-analysis by Shiga et al describingthe sensitivities and specificities of TEE, CT,
and MRI for detecting thoracic aortic dissection.[79]

Use of MR angiography is typically an adjunct form of imaging used with echocardiography
in patients with complex anatomy. At some in stitutions MR angiography is replacing CT as
the primary imaging modality for assessment of di seases involving the thoracic aorta due to
its decreased risk of radiation exposure. MR angiography (CE MR) provides improved
diagnostic accuracy of thoracic vascular pathology when compared to other imaging. It has
demonstrated a higher sensitivity and specificity than other forms of MR imaging and
echocardiography.[85] Emergency use of MR islimited. Steady state free procession MR is a
newer technology that allows for better visualization of structures by decreasing
surrounding interference without the use of contrast.[83] This method has demonstrated
success in the accurate visualization of diseses such as aneurysm, intramural hematoma,
dissection, and ulceration of the native aorta as well as assessment of postoperative graft
placement.[88] It is particul arly attractive for patients who have a contrast allergy.

Coronary angiography remains the gold standard for evaluation of the coronary arteries.
Aortography can demonstrate aortic insufficien cy and enlargement of the aorta, although
we use CT and echo as it is much more &curate and less invasive. Venticulography may
also be done, however with severe aortic stenosis it may be difficult to cross the valve and
may not be indicated because the risk of emboli.[87] Right and left heart pressures may also
be obtained at the time of catherization.
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A graphic depiction of the modified-Bentall Proced ure. A synthetic graft is identified in the
native root position with implantation of both coronary arteries.[83]

6. Surgery of the aortic root

In 1968, Bentall and Bono published the case ofa patient with an ascending aortic aneurysm
that involved the root and included coronary involvement.[88] In their case, a composite
aortic graft was sewn to the annulus with a mechanical Starr valve. The coronaries were
attached via an inclusion technique into the wall of the new prosthetic aortic root. Currently,
the Kouchoukos modification with direct coronary button modification is the standard for
root replacement today. Typically, the aortic valve tissue is removed, all abnormal aortic
tissue in the sinuses and the ascending aorta isremoved, and buttons of the right and left
coronary artery are created. The root is then replaced with one of the following: a valved-
conduit (either mechanical or biologic), a stentless valve as a root, a homograft, or a
pulmonary autograft. There is a proximal suture line at the level of the left ventricular
outflow tract, a distal suture line where the pathology of the aorta usually ends, and suture
lines for reimplantation of both the coronary buttons. (Figure 5)

6.1. Biologic options for aortic root surgery

For patients who need aortic root surgery there is the option of using synthetic material
(usually Dacron) versus a biologic prosthesis. Biologics are manufactured and treated in the
form of xenografts or homografts. The major benefit with a biologic valve is that therapeutic
anticoagulation is not required. In July of 1992 the FDA approved the use the first xenograft
in the United States, the Medtronic Freestyle. This graft allows similar flow and velocity
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measurements in addition to peri-operative morbidity and mortality to synthetic grafts.[90]
In a prospective, randomized trial comparin g homografts to Freestyle grafts, long-term
survival was found to be the same for the groups. The main indication for root replacement
was aortic valve disease associated with patiologic changes in the root. Homografts were
found to have a higher likelihood to need a second operation and a higher rate of root
degeneration and calcification.[91] Homographs are commonly indicated in patients with a
history of endocarditis. The major factor that deters the use of biologics is long-term
degeneration of the biologic material when compared synthetic grafts.

Hemi arch replacement with aortic root replacement using a porcine bioroot. Vertical mattress
sutures are noted at the annular anastomosis. Both coronaries are reimplanted with their native peri-
aortic tissue.[116]

6.2. Composite versus valve sparing root replacement

The question of to replace the aortic root with a composite graft or to perform a valve-
sparing operation is dependent on multiple patient characteristics as well as the surgeon
preference. Over the last decade surgeons have debated which technique provides the best
peri-operative and long-term results. The major concern with complete root replacement is
lifelong therapeutic anticoagulation. The etiolo gy of the aortic root disease, as well as
individual patient preferences, must be taken into account so the correct procedure is
performed for each patient.

Patients who present with an ascending aneurysm or dissection involving the root have a
variety of options for surgical reconstruction . Specific criteria are taken into account
including the patient age and if there are early signs of co-morbid aortic valve pathology
that may require replacement in the future. Patients with connective tissue disorders,
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bicuspid valves, or history of valve infection may be best served with Bentall-type
replacement rather than valve-sparing reconstruction.

Previous studies have attempted to stratify patients into composite replacement versus a
valve-sparing techniques with a heterogenous group of patients. One major study

retrospectively examined patients who received root replacement at a single institution.

Patients were therefore not prospectively stratifi ed with respect to age, genetic basis of root
replacement (patients with Marfan’s or bicusp id valves), or additional comorbidities.[92]

Zehr et al reviewed the results at their institution comparing total replacement with valve-
sparing techniques, an experience over a 30-year period that served to answer the gquestion
of which procedure had improved outcomes.[ 92] All patients in the study electively
underwent a Bentall procedure or valve-sparin g (Yacoub or David-type technique). Roughly
75% of the total 208 patients underwent composite root replacement while the remaining
patients had valve-sparing operations. They concluded that patients undergoing a Bentall-
type procedure have less risk of needing a seond operation for aortic valve disease. There
was no difference between long-term survival of the two groups which was 93%, 72%, and
59% at five, ten, and twenty years, respectiely. However, 37% of the valve-sparing group
needed reoperation due to additional valvular or aortic pathology in the follow-up period.
Most procedures for reoperation in the valve-sparing patients were due to the need of aortic
valve replacement for regurgitation or stenosis. The authors concluded that both types of
procedures offered durable results in the peri-operative and long-term periods. This study
tells us that, while both procedures are reasonable options, benefits are difficult to
determine without patient specif ic treatment characteristics.

Other studies are published since the Zehr seriesthat have attempted to give credence to
either technique for more concentrated patient populations.[93-95] The results from
previous large retrospective and prospective studies will be discussed at depth in the
upcoming paragraphs. We will review the results of major studies and discuss aortic root
reconstructive techniques stratified by disease etiology.

6.3. Aortic root surgery for patients with bicuspid valves- General
recommendations and analysis of surgical outcomes

There is strong consensus that patients with bicuspid valves and aortic root enlargement
should be considered for replacement when the aneurysm is > 50cm or there is an increase
in size of >0.5cm per year.[96,97] In 2007 guidelines were publis hed by the European
Society of Cardiology regarding replacement of the aortic root with respect to the aortic
diameter, recommending replacement when the root diameter is >5.5cm.[98] Subsequently
in 2008, the American Heart Association/American College of Cardiology guidelines found
class IB evidence that root replacement should be consideredwhen the diameter is >5cm or
dilatation progresses at a rate >5mm per year.[99]

While the latest guidelines are straightforward, some controversy still exists with regard to
the surgical management of patients who require aortic valve replacement (AVR) of a
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degenerated bicuspid valve yet who do not have aneurismal change of the ascending aorta
or root. It is advocated by some institutions that patients who need aortic valve replacement
should also undergo simultaneous replacement of the root and proximal ascending
aorta.[100,101] McKellar et al examined outconmes at the Mayo Clinic in patients who had
AVR without ascending aorta replacement. These patients did not have signs of root
pathology at the time of operation. Analysis showed that patients who did not have aortic
valve replacement had a low risk of having subsequent aortic root pathology on follow-
up.[102] The most feared complication in the interim, Type A dissection, was very low in
follow-up (1%) in patients with a normal size ascending aorta. Interestingly, the risk of
aortic complications was the same for patients with and without aort ic enlargement at the
time of surgery. Median follow-up time was fifteen years. Mortality of aortic root
replacement is low at 2-4%,[103] while in spedfic institutions AVR mortality rates are less
than 1%, especially in low-moderate risk populations.[104] Thus we would advocate aortic
valve replacement alone and close follow up of the remaining aorta with CT or MR.

Choice of valve in aortic root replacement is also somewhat controversial. Data out of the
Mayo Clinic has shown better long-term survival with mechanical aortic valve
replacement.[92,105] Patient preference enters ito the decision process as patients do not
want to take Coumadin. Younger patients who choose a bioprosthesis may face reoperation.
Re-operative mortality on a stentless valve has been reported over 10%.[106] Although
homograft root replacement has traditionally been used for infectious reasons, it also has a
high mortality when it is redone, primarily due to  severe calcification of the walls.[107] Lastly,
with regard to biologic roots made with a valv e inside a tube graft, very little data exists
regarding re-operative surgery. Intuitively it would seem to be a safer procedure, as surgery
would involve replacing the valve inside the graft and leaving the graft alone. The Ross
procedure has been abandoned for bicuspid valves as progression of aneurysmal dilatation
over time leads to autograft dysfunction in a significant number of patients.[108]

Valve-sparing aortic root replacement in bicuspid aortic valve situations has been performed.
Many fewer cases have been done than with a tricuspid valve. Results are not as good as with
a tricuspid valve but nevertheless some have reported good long-term follow-up.[99]

Mortality in most series for root replacement is approximately 2-4% without comparison of
independent risk stratification.[109,110] The risks for serious bleeding and stroke are 3.2%
and 3.2%, respectively. Long-term survival is variable depending on the age and
comorbidities of the patients undergoing replacem ent. Survival at 1, 3 and 5 years in a study
by Ancheck et al was 84.7%, 78.3%, and 72.5%espectively. The key to survival seems to be
recognizing signs of aortic pathology related to the congenital disease and preventing
morbidity and mortality of dissec tion and aneurysm with early root replacement. Van Putte et
al. examined their long-term data of root replacement over a 25-year period with over 500
patients. Survival at 5, 10, and 25 years was 87%, 73%, and 29%, respectively. Peri-operative
complication rates for myocardial infarction and stroke were 4.0 and 4.2%, respectively. Peri-
operative rate for take back to the operating room for bleeding was 19%.[111] In sum, the
results of root replacement are safeand are standing the test of time.
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When aneurismal change is present, the root replacement may extend distally to include the
remainder of the ascending aorta, aortic arch, and descending aorta. The most common
operation in combination with the root replacement is hemi-arch replacement. Other
operations combined with root replacem ent include aortic arch replacement and
occasionally a frozen elephant trunk procedure. (Figures 6-8) With these more extensive
procedures, mortality and morbidity understandably increases. Peri-operative mortality of
the hemi arch and total arch procedures is 6.7% and 6.9%/espectively, with comparable
morbidity.[115] With the elephant trunk proced ure, the latest and best survival data are
from Italy.[116] In 2010, Bartolomeo et al published their series of 67 patients who
underwent the frozen elephant trunk over a two year period. Peri-operative mortality was
13.4%. Severe neurologic deficit occurred in 17%, although most patients had adequate
outcomes with a 2 year survival 70%.[116]

Aortic arch replacement via implantation and proximal grafting of the brachiocephalic, left
carotid, and left subclavian arteries. Although not depicted in this image, root reconstruction via
modified-Bentall technique can be performed during the same operation.[107]

6.4. Valve sparing aortic root replacement in patients with aneurysms

Aortic root reconstruction without valve replacement has come into popularity with cardiac

surgeons because not all aortic root disease is accompanied with aortic valve dysfunction.
Yacoub, in 1983,[117] and David, in 1991,[118] separately devised procedres that spare the
native aortic valve, or so named, valve-sparing aortic root replacement. The Yacoub
procedure is a “remodeling” procedure where the aortic graft is surgically attached to the

aortic wall at the level of the commissures.[119] (Figure 9) A modification of the Yacoub
procedure is the David, or “reimplantatio n” procedure. During the reimplantation
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procedure, the graft is fixed at a level proximal to the annulus, to the tissue of the left
ventricular outflow tract[120](Figure 10). Since the origin of the David procedure, there have
been multiple modifications to the technique with the latest emphasizing restoration of the
sinuses of Valsalva by the creation of neosinuses.[121] Special grafts with sinuses
(Gelweave) are also available.

Frozen elephant trunk procedure in which a stent graft is deployed distally in the descending
thoracic aorta. Debranching and anastomosis of the proximal arch branches, distal aortic arch, and
proximal aorta are then carried out with a Dacron graft.[118]

Yacoub procedure. Root replacement by remodeling consists of placing subannular U-
stitches, a scalloped Dacron graftattached above the commissural ring, and finally coronary ostia are
reimplanted into the graft material.[113]
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Modified David procedure where the graftis fi xed to the level just proximal to the aortic
annulus at the left ventricular outflow tract.[114]

Trimming of the aortic root during modified David Procedure.[121]
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The surgical technique involves resecting all aortic tissue except for a 5mm rim of aorta just
above the valve and creating buttons of the coronaries (Figure 11). Dissection is carried
proximally below the level of the annulus. Great care must be taken during this portion of
the procedure to avoid the RVOT and left atrium . Sutures are then plaed from inside the
LVOT to outside through the graft for the proxim al suture line. The graft is seated and the
leaflets are inside the graft. After securing the proximal suture line, the valve leaflets are
carefully positioned inside the graft to allo w coaptation in the same plane for all three
leaflets. The leaflets are then sutured insidethe graft by running a suture along the small
piece of aortic wall and attaching it to the graft. The coronaries are reimplanted and the
distal suture line is performed where appr opriate. Echo confirms (Figure 12) good
coapatation of the leaflets and no aortic insufficiency.

Indications for a valve-sparing procedure are ascending and root aneurysms (>5cm or 4.5cm
for patients with Marfan’s) with normal aortic leaflets. Typically from sinotubular dilatation
there is central aortic insufficiency which is easily corrected by this procedure. Asymmetric
regurgitation may require leaflet repair. This is an excellent operation for patients with
Marfan’s, as it obviates the need for long-term anticoagulation. Recently it has been used in
patients with acute Type A aortic diss ection who require a root replacement.

Multiple studies are published since the advent of the David procedure that have attempted

to give credence to the valve-sparing technique.[93-95] Long-term results of this have been
excellent. A meta-analysis summarized the results and conclusions of 16 studies describing
complete root replacement and valve-sparing techniques. Ten-year survival for patients

undergoing valve-sparing techniques ranged from 82-97% in a heterogeneous group of
patients.

Subpopulations that have undergone valve-sparing technique include the elderly and those
patients with Marfan’s. One study in older patients (>60 years old) demonstrated less
favorable, yet still good results.[123] The peri-operative mortality of 63 patients undergoing
valve-sparing replacement was 1.4% with an overall 51 month survival of 84%. Immediate
post-operative and long-term results for Marfan’s patients are also excellent. Volguina et al
analyzed the short-term results of 105 patients with Marfan’s who underwent valve-sparing
technique.[124] There were no inpatient mortalities and significant morbidity included 8%
requiring re-exploration of the mediastinum while only 13% had a peri-operative
arrhythmia. David et al analyzed the long-t erm results of their 103 person cohort.[125]
Fifteen year survival was 87% and 89% of thosealive at fifteen years and patients were free
of clinically significant aortic regurgitation.

6.5. Aortic root replacement in patients with acute type A aortic dissection

Patients who have an acute type A aortic dissection are a surgical ermrergency. Typically the
ascending aorta is replaced with an open distal anastomosis such as a hemiarch with
antegrade cerebral perfusion. The proximal anastomosis is then done at the sinotubular
junction after removing all thrombus between the layers and gluing them together.

131
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Echo demonstrating coaptation of aortic valve leaflets.[122]

Ross Procedure after reconstruction. The pulmonary allograft is implanted into the left
ventricular outflow tract and the coronaries are reimplanted into the autograft. A synthetic valve/root
component is then used for the new pulmonary artery and valve.

Approximately 31% of patients will require aort ic root replacement as the dissection extends
down into the sinuses and around the coronaries.[126] As mentioned earlier, if the valve
leaflets are normal then a valve-sparing root replacement is an option. The downside is an
extended length of time during this critical operation, however with the proximal suture
line below the annulus it may prevent bleeding. This is a major problem in patients with
dissection. Because root replacement must bedone in a significant proportion of Type A
dissections there is incentive to understand outcomes in composite grafts versus stentless
grafts. Lai et al examined their experience with Type A dissection patients who had Al and
were stratified by root replacement with co mposite graft and separate valve graft.[127]
Composite grafts had slightly improved surviv al at long-term follow-up then did patients
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with a separate valve graft. International Registry of Acute Aortic Dissection data should be
used to examine this relationship in the future.

6.6. Aortic root replacement for infected endocarditis

Endocarditis is a dangerous condition of the aortic valve that can rapidly spread beyond the
leaflets into the tissue around the aortic root. This typically lead s to an aortic root abscess.
This can further erode into contiguous structures such as the mitral valve, left atrium, right
atrium, tricuspid valve, and right ventricle. Surgical principle mandates debridement of all
infected tissue. Other valves and chambers mustbe repaired, prior to the root replacement.
In the past it was felt that homograft root replacement was the ideal operation. Indeed the
graft was felt to be more resistant to infection and the homograft had the anterior leaflet still
attached, which often aided in mitral valve in volvement. Recently, the availably and quality
of homografts has become less. Results of root replacement with material other than
homograft are not substantially different. Jassar et al reviewed the results of root
replacement at their institution in patients wi th active endocarditis.[128] Patients had root
replacement with synthetic grafts, biologics, or homografts. There was no significant
difference with regard to in hospital mortality or survival with a mean follow-up of 32
months. Five-year survival for the cohort was also similar between groups, ranging from 58-
62%.[128] Long-term survival was analyzed in patients receiving homograft roots for
endocarditis and results are quite promising.[129] Thirty day survival was 83% while 10-
year survival was 47%. One year reoperation rate due to deterioration of the graft was 8.6%.
We therefore advocate root replacement in this situation based on factors such as age and
patient preference. The Ross pocedure is also an option for root replacement in this
condition. Excellent long term results have been reported and theoretically the pulmonary
autograft may be more resistant to infection.[130]

6.7. Aortic root replacement for a calcific aortic root

Patients who have severe aortic stenosis and a very calcified root may require aortic root
replacement because of the difficulty inserting th e valve from the distribution of calcium in
the root. This can be a very dangerous operaton because of the calcium extending into the
coronary arteries. Indeed ligation of the coronaries may be required with the addition of
bypass grafting. [131]

6.8. Surgery for sinus of valsalva an eurysms- general recommendations and
analysis of surgical outcomes

Although sinus of Valsalva aneurysms are rare, they frequently require prompt surgical
repair to prevent life threatening complications. A majority of patients present with rupture
of the aneurysm into a cardiac chamber, typically the right atrium or ventricle. Eastern
cultures have a notable increased incidence when compared to Western cultures. The first
aneurysms were treated successfily in the 1950s. A clear distinction in outcome can be seen
in patients who have infected versus non-infected aneurysms.[132] Root replacement is
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infrequently required for this condition, howe ver when it is, the standard considerations
about which type of valve to implant are used.

The largest series of patients was compiled bythe Texas Heart Institute where the outcomes
of 129 patients were analyzed over a 40-yearperiod. Aortic root replacement was only
necessary in 12% of patients, while the remairing patients were able to be treated with
simple plication or a patch procedure.[132] Peri-operative mortality was 4% and
complications included valve malfunction, endocarditis, and recurrence of the aneurysm in
3.9%, 2.6%, and 1.8%, respectively. Other recent retrospective trials have been
published.[133,134] Again the vast majority of patients (>90%) were able to attain fixation
with either direct closure or patch techniques . Approach for fixation was usually obtained
through the chamber that rupture of the aneury sm occurred. Patientswho had repair in the
last decade demonstrated fewer days in the hospital and fewer peri-operative complications
which included wound infection and arrhythmias. Over 90% of patients were alive after 5
years. The factor of highest prognostic significance with regard to long-term survival is time
of onset and severity of aortic regurgitation. [135] Unfortunately there was no sub-analysis
describing the results in those patients with root replacement.

6.9. The Ross procedure: indications and outcomes

The Ross procedure involves root replacementwith the patients pulmonary valve harvested
en-bloc as a cylinder from RVOT to distal pulmonary artery (Fig ure 13). The pulmonary
valve is typically replaced with a porcine xenogr aft or homograft. Drawbacks of this operation
include its complexity and it also involves double valve replacement for single valve
pathology. Surgical results with the Ross procedure have been excellent except in the cases
of bicuspid aortic valve.[136] In bicuspid ca ses the root undergoes dilatation, possibly from
the same underlying abnormality that involved the native aorta of which the cause is not
known.

While the procedure is technically very challenging, the peri-operative outcomes are
adequate, yet long-term results are still debated.[137,138] One group out of Germany
described their outcomes of 203 patients who were at least 10 years out from surgery with a
mean follow-up of 12.3 years. Over 90% of patients did not need reoperation on either valve
at 10 years of follow-up. They concluded that the Ross operation was safe, as long-term
survival did not differ from the general population . Slight increases in the size of the aortic
valve annulus and rate of insufficiency was observed.[137] In contrast, a meta-analysis was
published in 2009 which summarized the result s of Ross procedure outcomes and included
17 studies.[138] They concluded that the pei-operative and short-term outcomes is
acceptable, however, there is significant graft durability limitation that is observed after the
first decade, especially in younger patients. They concluded that further research to
accomplish extended graft function would be helpful to limit possibility of long-term
reoperation. It is now well established that patients with a bicuspid aortic valve should not
have the Ross operation.
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6.10. Reoperation of the aortic root

Structural failure of the root, pseudoaneurysms, or infection may necessitate redo aortic root
replacement. This is an operation that typically carries a high risk of mortality and
morbidity. Some special considerations when this very difficult operation is undertaken
include: calcified homografts or stentless valves, coronary artery length, and infection.

In patients with a very calcified neo-aortic wa Il it is often extremely difficult to dissect out
the wall and redo the root as it becomes very adherent to the adjacent structures and
pulmonary artery and coronaries can be injured. Replacing just the aortic valve within the
calcified root is an option. With the advent of trans aortic valve implantation (TAVI), this
may be an excellent option in high risk pati ents. EI-Hamamsy et al compared the Freestyle
graft with homograft aortic root replacement in a prospective, randomized trial.[139] One-
hundred sixty-six patients with an average age of 65 years had a mean follow-up of 7.6
years. Significant conclusions were made from this data including an improved age of
survival (80 vs. 77 vyears), lower rate of reoperation (100% vs. 90%), and
echocardiographically patients had less signs of valvular deterioration (86% vs. 30%) in the
FreeStyle group.

Aortic root replacement via the Cabrol techniqu e. Coronary buttons are sutured side-to-side
to a Dacron interposition graft during root replacement.[140]
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There can be difficulty with mobilizing the coronary buttons and placing them in into the
new root or they can be damaged. The Cabrol technique should then be deployed, (Figure
14) where a graft is sutured end to end to bath the right and left coronary buttons then
sutured side to side to the aorta.[140] Reslts have been mixed,[141,142] which may be due
to difficulty orienting the graft. A second opti on is to place an interposition vein graft
(Figure 15) between the coronary buttons and the graft.[143] Thisis our preferred method as
we find the grafting to be easier. Lastly by pass-grafting can be done with ligation of the
coronary arteries. This is typically is a last resort when bleeding and technical difficulties
with the anastomosis are encountered.

Infected roots pose a major problem because of the amount of debridement and
reconstruction that is required. The same surgical principles apply of removal of all infected
and foreign tissue. Results have been pomising using homograft replacements as
demonstrated in peri-operative and with long-term follow-up studies.[128,129]

Vein graft interposition can be used as a conduit for coronary perfusion rather than using a
Dacron interposition graft. This figure demonstrates venous conduits being sewn to the aortic root. 143

7. Conclusion

The anatomic complexity and serious pathology that affect the aortic root challenge the
cardiac surgeon. Surgical procedures on the aortic root have drastically changed the lives of
patients and extended their lifespan. Leaders in the field of cardiac surgery such as Bono,
Bentall, Yacoub, and David have contributed greatly to our surgical armementaruium for
treatment of aortic root pathology. These procedures will continue to evolve with improved
graft material, improved valves, percutaneo us approaches, and stem cell therapies.
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