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Abstract

Cardiovascular diseases (CVD) form a principal consideration in patients with
end-stage liver disease (ESLD) undergoing evaluation for liver transplant (LT)
with prognostic implications in the peri- and post-transplant periods. As the pred-
ominant etiology of ESLD continues to evolve, addressing CVD in these patients
has become increasingly relevant. Likewise, as the number of LTs increase by the
year, the proportion of older adults on the waiting list with competing comor-
bidities increase, and the demographics of LT candidates evolve with parallel
increases in their CVD risk profiles. The primary goal of cardiac risk assessment is
to preemptively reduce the risk of cardiovascular morbidity and mortality that
may arise from hemodynamic stress in the peri- and post-transplant periods. The
complex hemodynamics shared by ESLD patients in the pre-transplant period
with adverse cardiovascular events occurring in only some of these recipients
continue to challenge currently available guidelines and their uniform applic-
ability. This review focusses on cardiac assessment of LT candidates in a stepwise
manner with special emphasis on preoperative patient optimization. We hope that
this will reinforce the importance of cardiovascular optimization prior to LT,
prevent futile LT in those with advanced CVD beyond the stage of optimization,
and thereby use the finite resources prudently.
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Core Tip: Liver transplantation is high-risk invasive procedure with an increased likelihood of
cardiovascular mortality in the perioperative and postoperative periods. As the predominant etiology of
end-stage liver disease and attributes of transplant candidates continue to evolve, cardiac risk stratification
of these patients is becoming increasingly relevant. This review aims to reach providers seeking to learn
about the current state of cardiac assessment of liver transplant candidates, commonly encountered
cardiovascular conditions, preoperative diagnostic testing, and patient optimization. We also highlight
areas requiring further investigation.
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INTRODUCTION

Patients with end-stage liver disease (ESLD) often have multiple comorbidities, of which cardiovascular
diseases (CVD) form a principal consideration with prognostic implications in the peri- and post-
transplant periods[1]. Nearly 36000 liver transplants (LTs) per million population were performed
globally in 2019, a 5% increase since 2018, and an additional 13000 patients were added to the waiting
list[2]. CVD which is a well-established risk factor of increased mortality in both the early and late
periods after LT, accounts for > 40% of deaths in the first 30 d after transplant[3-5]. Additionally, CVD is
the leading cause of death at 1-yr follow-up[3-5].

As the predominant etiology of ESLD continues to shift towards non-alcoholic steatohepatitis
(NASH) with corroborating increases in obesity (body mass index > 30 kg/m?in 40% of LT recipients)
and diabetes mellitus (30% of LT recipients), addressing CVD in these patients has become increasingly
relevant[6-9]. Likewise, as the number of LTs increase by the year, the proportion of older adults (age >
65 years old) on the waiting list with competing comorbidities increase, and the demographics of LT
candidates evolve, they parallel increases in their CVD risk profiles. Therefore, cardiac risk stratification
and timely management of CVD is important to ensure favorable outcomes in LT candidates.

The primary goal of cardiac risk assessment in patients awaiting LT is to preemptively reduce the risk
of cardiovascular morbidity and mortality that may arise from hemodynamic stress in the peri- and
post-transplant periods. Currently, there exist no validated models to predict cardiovascular mortality
in LT recipients. The complex hemodynamics shared by ESLD patients in the pre-transplant period with
adverse cardiovascular events occurring in only some of these recipients continue to challenge currently
available guidelines and their uniform applicability[8]. Moreover, there is a paucity of guidelines for
adverse cardiac events unrelated to perioperative myocardial ischemia in LT recipients[10]. Recognizing
these limitations, this review aims to reach providers seeking to learn about the current state of cardiac
assessment of LT candidates. We hope that this will reinforce the importance of cardiovascular
optimization prior to LT, prevent futile LT in those with advanced CVD beyond the stage of
optimization, and thereby use the finite resources prudently.

HEMODYNAMIC CHANGES DURING LT

Significant hemodynamic alterations occur during the LT procedure and invasive hemodynamic
monitoring is necessary to guide intraoperative management[11]. The most significant periods of
hemodynamic instability arise while clamping the portal vein and inferior vena cava (IVC) during the
anhepatic stage, and again at the time of reperfusion of the donor graft called the neohepatic stage[12,
13]. During the anhepatic stage, an abrupt cessation of blood flow to the native liver results in a
significant reduction in the preload and subsequently, in the cardiac output predisposing to cardiac
dysfunction[12]. In anticipation of this complication, intravenous administration of fluids is
recommended prior to vessel clamping to prevent sudden reductions in intravascular volume.
Alternative options include partially occluding the IVC or creating a temporary portocaval shunt[11,14].
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During the neohepatic stage, reperfusion of the donor graft predisposes to post-reperfusion
syndrome (PRS), defined as a > 30% decline in mean arterial pressure that lasts for at least 1 min and
occurs within 5 min of reperfusion of the donor liver[15]. PRS complicates 8%-30% of LT and manifests
as dramatic reductions in the heart rate, cardiac output and systemic vascular resistance, leading to
systemic hypotension, and in some cases dysrhythmias or even cardiac arrest[16]. Although the
pathogenesis of PRS remains unclear, different mechanisms have been implicated with most important
being the rapid release of vasoactive substances and pro-inflammatory cytokines [tumor necrosis factor
(TNF)-1a, interleukin (IL)-6] from both the donor graft and the recipient’s immune system[16,17].

A subset of patients undergoing LT develop an abnormal cardiac response characterized by a
decrease in stroke work despite an increase in preload[18]. This is associated with a longer post-
operative intubation time and poor surgical outcomes[18,19]. Although these cardiovascular complic-
ations can be anticipated, the cardiac response during LT tends to vary significantly between
individuals depending on competing comorbidities and presence of preexisting cardiomyopathy[20].
Therefore, careful monitoring of hemodynamic parameters during LT is essential to lower the risk of
perioperative adverse outcomes and increase the likelihood of graft survival. Similarly, recognition of
underlying CVD and optimization prior to LT is imperative in reducing the risk of perioperative
complications and mortality. A comprehensive review of CVD encountered in LT candidates, including

their pathophysiology, pretransplant evaluation, and management is detailed below and outlined in
Table 1.

CLINICAL ENTITIES

Coronary artery disease

Epidemiology: Patients with ESLD and concomitant coronary artery disease (CAD) undergoing LT
have higher morbidity and mortality rates compared to recipients without CAD[21,22]. The incidence of
CAD in LT candidates varies widely, ranging 2%-38% depending on the etiology of ESLD, investigation
modality used for diagnosis, criteria for significant CAD used in different studies (defined as either >
50% diameter stenosis of > 1 major epicardial vessels vs = 70% stenosis), and heterogeneity of the
surveyed populations[4,10,21,23]. Among ESLD patients without symptoms of CAD, prevalence of
obstructive CAD (defined as > 50% diameter stenosis of =1 major epicardial vessels) is similar to that of
the general population[24]. Besides the well-established implications of obstructive CAD,
nonobstructive CAD plays an important role in LT candidates. Patients with ESLD have a significantly
higher prevalence of silent nonobstructive CAD in comparison with matched subjects without liver
disease[21,24]. This is relevant as any degree of CAD, obstructive or non-obstructive, has been
associated with a significantly higher risk of major adverse cardiac events (MACE) after transplant[21,
24,25]. Additionally, the prevalence of CAD in ESLD from NASH/cryptogenic etiology is higher
compared to other etiologies of ESLD and parallels the increased risk of postoperative myocardial
ischemia in this subset of transplant recipients[4].

Pathophysiology: Patients with ESLD may not manifest symptoms of CAD due to the mal-adaptive
hemodynamic changes that occur in liver disease[26]. Splanchnic vasodilation in response to high portal
pressures reduce the peripheral vascular resistance and increases the cardiac output. The resulting
hyperdynamic circulation leads to increased blood flow through systemic and pulmonary circulations
[26]. Therefore, in the presence of a reduced afterload from a low peripheral vascular resistance, both
CAD and cirrhotic cardiomyopathy may remain silent for prolonged durations. As described
previously, intraoperative hemodynamic changes during LTs are significant and impose immense stress
on the cardiovascular system, wherein a sudden reduction in preload, precipitated by acute blood loss
or clamping of the portal vein and IVC, a reduction in the cardiac output, and an increase in systemic

vascular resistance can rapidly precipitate overt myocardial ischemia in patients with preexisting CAD
[23].

Pre-operative evaluation: The rationale behind screening for CAD in LT candidates is to determine the
ability of the cardiovascular system to handle hemodynamic stress peri- and post-transplant without
sustaining ischemic damage. Therefore, screening helps with cardiac risk stratification and identification
of those patients who would benefit from pre-operative optimization, including revascularization of
their CADJ[27]. Considering the high prevalence of CAD in these patients, basic cardiac workup
consisting of an electrocardiogram (ECG), chest X-ray, and transthoracic echocardiogram should be
obtained routinely in all LT candidates, with further workup pursued on a case-specific basis[28]. As
per American Heart Association (AHA) guidelines, screening for CAD should be pursued only if
diagnosis would change management with a discernable improvement in patient outcomes[8].
Specifically, screening asymptomatic individuals should take into consideration patient eligibility for
downstream intervention(s) if indicated, cost of the screening procedure and intervention, and the
likelihood of preventing adverse cardiac events in the context of LT. However, decision to screen and
treat asymptomatic patients is often challenging as predicting which subset will develop intraoperative
or postoperative complications is difficult. Therefore, a detailed history and examination that explore
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Table 1 Preoperative assessment of common cardiac diseases and relationship with liver transplant outcomes

Pretransplant During transplant Post-transplant
Coronary artery Prevalence 2%-38%. Screening: DSE (high Cumulative 3-yr post-LT MACE
disease NPV), SPECT myocardial perfusion, conven- incidence: 37.5%. All-cause
tional coronary angiography (gold standard) mortality: 13%
Cirrhotic Prevalence 40%-50%. TTE is the preferred 23% abnormal cardiac response Pretransplant diastolic
cardiomyopathy ~ method for the diagnosis of systolic or dysfunction increase the risk for
diastolic dysfunction preoperatively acute graft rejection or failure, and

Valvular heart
disease

Portopulmonary
hypertension

Conduction
abnormalities

QTc prolongation

all-cause mortality

27.5% with cardiac valve dysfunction. Routine Severe aortic stenosis associated with 31% risk ~ Pretransplant AV replacement or

TTE screening is recommended prior to LT of perioperative complications AS increase the likelihood for
significant cardiac complications
1-3 yr post-LT

Prevalence 5%-8.5%. Preoperative screening ~ MPAP > 50 mm Hg: 100% mortality. MPAP 35-

with TTE is recommended to all LT 50 mm Hg: Increased morbidity and mortality.
candidates. Patients with RVSP > 45 mm Hg =~ MPAP < 35 mm Hg and MPAP > 35 mm Hg
needs confirmation with RHC due to volume overload or hyperdynamic state:

No increase in mortality

Routine ECG should be performed in all LT AF is the most common MACE in

candidates independently of a cardiac the first 90 d post-transplant (-

abnormality history 43%). AF is an independent risk
factor for MACE 30- and 90-d after
LT

Common ECG finding in ESLD patients with Conflicting data exist regarding

CCM,; no sex-based differences exist as in QTc prolongation as an

general population. Reversible causes of QTc independent predictor of

prolongation should be identified and mortality and its reversibility

corrected preoperatively post-LT

LT: Liver transplantation; DSE: Dobutamine stress echocardiogram; NPV: Negative predictive value; SPECT: Single-photon emission computerized

tomography; MACE: Major adverse cardiac events; TTE: Transthoracic echocardiogram; AV: Aortic valve; AS: Aortic stenosis; RVSP: Right ventricular

systolic pressure; RHC: Right heart catheterization; MPAP: Mean pulmonary arterial pressure; ECG: Electrocardiogram; AF: Atrial fibrillation; ESLD: End-
stage liver disease; CCM: Cirrhotic cardiomyopathy; QTc: Corrected QT.

Jaishideng®

the presence of both traditional and non-traditional risk factors of CAD, and presence of CAD
equivalents such as peripheral artery disease should be obtained in all patients to determine the need of
screening and the choice of investigation. Presence of > 1 risk factors of CAD has been found to be
highly predictive of angiographically significant stenosis and can be used to guide decision-making[24,
25]. Similarly, the absence of CAD risk factors serves as a reliable clinical marker in ruling out
significant CAD[24]. Specifically, age > 60 years, hypertension, left ventricular hypertrophy, diabetes,
smoking, dyslipidemia, prior history of CAD, and high model for ESLD scores have been identified as
significant risk factors of CAD in LT candidates[4,8]. Non-traditional risk factors of CAD pertinent to LT
candidates should also be identified and integrated into decision-making. These include familial
amyloid polyneuropathy, hereditary hemochromatosis, and NASH, each of which is associated with
CAD apart from causing ESLD[29,30].

Despite studies reporting the presence one or more risk factors of CAD to be highly predictive of
angiographically significant stenosis, there is a lack of consensus between guidelines on the number of
risk factors needed to pursue noninvasive testing and the role of functional status in determining the
need for screening for CAD. The European Society of Cardiology (ESC)/European Respiratory Society
(ERS) guidelines recommend noninvasive testing in the presence of more than two risk factors of CAD
and poor functional capacity while the AHA/American College of Cardiology (ACC) guidelines
consider three or more risk factors to warrant testing irrespective of patients” functional status[8,31].
Generally, candidates should be perceived as high risk in the presence of a prior history of CAD,
diabetes mellitus or 2 2 risk factors of CAD.

Noninvasive testing: Noninvasive testing which has a well-established role in detecting CAD in the
general population is unfortunately suboptimal in patients with ESLD who tend to have a higher pre-
test probability. In these patients, noninvasive tests are further limited by the hemodynamic changes of
liver disease, poor coronary flow reserve, microvascular dysfunction, and carry a poor sensitivity[32-
34]. However, they have been found to accurately predict development of adverse cardiac events in the
post-transplant period[32-34]. Patients with nondiagnostic or abnormal noninvasive testing should
undergo coronary angiography (CAG) to corroborate findings, determine the need for intervention, and
whether revascularization will improve LT outcomes on an individual basis.

WIT | https://www.wjgnet.com 145 July 18,2022 | Volume12 | Issue7 |



Nagraj S et al. Cardiac evaluation for LT

Jaishideng®

Noninvasive testing with stress echocardiography, typically dobutamine stress echocardiography
(DSE) is a class 1B recommendation of the American Society of Transplantation for routine evaluation of
CAD in all LT candidates[27]. Cardiac catheterization is recommended if DSE is nondiagnostic or
abnormal. Over the years, conflicting data regarding the sensitivity and predictive value of noninvasive
stress tests have been reported. In a meta-analysis evaluating the diagnostic accuracy of DSE for
detecting CAD in ESLD patients awaiting LT, DSE demonstrated a poor sensitivity (32%) but excellent
negative predictive value (NPV) (98%) for perioperative and long-term cardiac events[33]. Multiple
other studies have found DSE to have a low sensitivity and positive predictive values and intermediate
to high NPVs[4,34-36]. A frequently encountered limitation of DSE in patients with ESLD is the inability
to achieve target heart rates and thereby rate-pressure products.

Myocardial perfusion imaging with single positron emission tomography (SPECT) is another
modality with established role in diagnosing CAD in the general population. However, its diagnostic
accuracy in ESLD patients is unclear due to conflicting results reported by different studies[28,37,38]. A
high number of false positives may be secondary to the chronic vasodilatory state characteristic of ESLD
and a low coronary flow due to microvascular dysfunction rather than epicardial vessel stenosis,
encountered frequently in patients with NASH cirrhosis[28,37,38].

Coronary computed tomography (CT) is another option with excellent diagnostic accuracy for detect
significant CAD in the general population and can serve as a viable option in ESLD patients as well[39].
Considering the questionable sensitivity of stress tests and specificity of perfusion testing such as
SPECT, coronary CT can serve as an accurate and noninvasive alternative. However, there are
limitations associated with it just like any other test. As per the 2018 American Society of
Transplantation Liver and Intestinal and Thoracic and Critical Care Community of Practice guidelines,
coronary CT maybe considered as an alternative to CAG in patients with ESLD who are able to tolerate
lying flat, do not have severely impaired renal function, have low heart rates without irregularities in
the rhythm, although newer gating techniques allow interpretation of coronary CT even in patients with
atrial fibrillation (AF)[40,41].

Invasive testing: CAG is the gold standard diagnostic modality for detecting coronary artery stenosis
and is relatively safe in patients with ESLD[28,40]. It is indicated in patients with a prior history of CAD,
myocardial infarction, or a coronary intervention, in those with high pre-test probability of CAD, and in
patients with abnormal or nondiagnostic noninvasive test results. On detecting significant stenosis, the
decision to revascularize should be guided by whether it will improve transplant outcomes. Notably,
the study conducted by Snipelisky et al[42] showed that patients with severe CAD continued to have an
elevated cardiac mortality after LT despite revascularization preoperatively, thus questioning the
benefit of pre-transplant coronary interventions. However, revascularization should be pursued if
obstructive CAD is the primary precluding factor for LT[28,43]. Studies investigating the feasibility of
percutaneous coronary intervention and stenting in LT candidates have found it to be feasible with a
preference for bare metal stents considering the shorter dual antiplatelet therapy compared to drug
eluting stents[44,45].

Cirrhotic cardiomyopathy

Epidemiology: Impaired cardiac contractility secondary to sympathetic stress and altered diastolic
function in patients with ESLD is termed cirrhotic cardiomyopathy[26,46,47]. Although there are limited
data citing the prevalence of cirrhotic cardiomyopathy, attributable in part to the indolent nature of the
disease, nearly 40%-50% of ESLD patients have cardiac changes consistent with cardiomyopathy[48,49].
This is relevant as nearly 20% of mortality in LT recipients over a 20 years post-transplant follow up
period and 40% of early postoperative deaths after LT are cardiovascular-related[50].

Pathophysiology: Cirrhotic cardiomyopathy predisposes to reduced survival, and complications such
as renal failure and hepatorenal syndrome in patients undergoing LT[47]. Cardiac dysfunction in ESLD
occurs secondary to maladaptive alterations in the systemic and splanchnic circulations leading to an
increased cardiac output and heart rate[51,52]. Pooling of blood in the splanchnic vascular bed leads to a
lower central blood volume termed “central” or “effective” hypovolemia. This results in baroreceptor-
induced activation of the renin-angiotensin-aldosterone system (RAAS) and sympathetic nervous
system (SNS)[47]. SNS stimulation leads to overactivation of the p-adrenergic system resulting in
receptor desensitization and cardiac dysfunction[53].

Systolic dysfunction: At rest, systolic dysfunction in patients with ESLD remains subclinical due to a
reduced afterload and low systemic vascular resistance. However, it manifests overtly when the
cardiovascular system is challenged with stressors such us LT, TIPS, and exercise[26,46,47,53]. Four
possible mechanisms have been proposed to explain the systolic dysfunction in patients with ESLD: (1)
Impaired beta-adrenergic receptor signaling secondary to sympathetic hyperactivity, which has also
been shown to cause direct myocyte damage; (2) Decreased cardiac contractility and increased
cardiomyocyte apoptosis mediated by endocannabinoids, levels of which have been shown to be
increased in murine cirrhotic hearts; (3) The presence of cardio-depressant substances such as nitric
oxide and carbon monoxide; and (4) Abnormalities of the sodium/calcium (Na/Ca) exchanger that
result in the excess Ca influx leading to cardiomyocyte apoptosis[26,53].
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Diastolic dysfunction: Diastolic dysfunction in patients with ESLD occurs due to an increased stiffness
of the myocardial wall from a combination of myocardial hypertrophy, fibrosis and subendothelial
edema. Activation of RAAS has been implicated in myocardial hypertrophy, myocardial fibrosis and
development of diastolic heart failure in patients with portal hypertension irrespective of the presence
of cirrhosis[54]. Additionally, increased levels of plasma aldosterone, a byproduct of RAAS activation
have been associated with a reduced ratio of early to late (atrial) phases of ventricular filling (E:A ratio)
in ESLD[54]. Therefore, it is likely that activation of RAAS leads to diastolic dysfunction by multiple
direct and indirect pathophysiologic mechanisms[55-58]. Other proposed mechanisms for diastolic
dysfunction in ESLD involve alteration in collagen configuration and sodium retention[59,60].

Pretransplant evaluation: Patients with ESLD can be screened for cirrhotic cardiomyopathy through
biological markers and imaging modalities, wherein they supplement data obtained from history and
physical examination[61]. Imaging appears to provide maximum diagnostic value when used in the
appropriate clinical context.

Biological markers: Biomarkers for subclinical and clinical heart failure (HF) include brain natriuretic
peptide (BNP), propeptide, N-terminal pro-BNP (NT-proBNP), and cardiac troponins[53,62,63]. BNP
and NT-proBNP have been associated with the severity of ESLD and portal hypertension. Henriksen et
al[64] demonstrated a significant correlation between proBNP and BNP levels and Child score.
Moreover, they reflect the severity of diastolic and systolic cardiac abnormalities as well as mortality in
clinical HF and in cirrhotic cardiomyopathy (CCM)[63,65,66]. A major consideration and limitation to
setting cut-off values for any biomarker including BNP and NT-proBNP is the heterogeneity in assays
used across institutions, timing of measurement, and the different thresholds/cut-offs used by
individual labs. Therefore, at this time there are no cut-off points for biomarkers indicating that the
patient should be removed from the transplant waiting list.

Cardiac remodeling may be measured by levels of galectin-3 and soluble suppression of
tumorgenicity-2 (ST-2), member of the IL-1 family, directly interacting with cardioprotective IL-33.
These markers have been shown to reflect cardiac inflammatory and fibrotic remodeling[67,68].
However, galectin-3, and soluble ST-2 are also markers for liver inflammation and fibrosis, which may
limit their applicability to CCM[69]. In addition to highly sensitive C-reactive protein associated with
cardiac disease (and other inflammatory conditions), other inflammatory markers have been studied in
HF and CCM including IL-6, IL-8, TNF-q, lipopolysaccharide binding protein, vascular endothelial
growth factor, and soluble urokinase-type plasminogen activator receptor, some of which may worsen
the circulatory dysfunction of portal hypertension[47,53,61,63].

Imaging

Transthoracic echocardiography: Transthoracic echocardiography (TTE) is the preferred imaging
modality although cirrhotic cardiomyopathy is largely a clinical diagnosis and there are no specific TTE
features distinguishing a cirrhotic etiology[47]. Systolic dysfunction is characterized by either left
ventricular ejection fraction (LVEF) <50% or global longitudinal strain (GLS) < 18% even in the presence
of a normal LVEF[47,53]. Some studies have recommended a higher a cut-off value of LVEF 55%-60% in
patients with ESLD due to the decreased afterload and increased preload, which could falsely normalize
the LVEF in this subset[61]. GLS is particularly useful as the longitudinally oriented subendocardial
fibers are highly susceptible to damage making longitudinal left ventricular function the first
manifestation of cardiac impairment[53]. Diastolic dysfunction characterized by TTE should meet three
or more of the following diagnostic criteria: (1) Diastolic tissue velocity of mitral annulus (septal E’
velocity) <7 cm/s; (2) Ratio of velocity of the left ventricle inflow during early, rapid passive filling (E
wave) compared to E” (E/E’ ratio) > 15. E:E’ ratio has been found to reflect left ventricular filling
pressure, and this ratio increases as diastolic function worsens; (3) Left atrial volume index > 34 mL/m?
and (4) Tricuspid regurgitation velocity > 2.8 m/s[47,53,61]. Tissue doppler imaging is a well validated
imaging technique for diastolic dysfunction evaluation[61].

Cardiac magnetic resonance imaging: Structural changes in cirrhotic cardiomyopathy as seen on
cardiac magnetic resonance imaging (MRI) appear similar to those of myocarditis with a non-specific
patchy distribution[70]. Considering the non-specific changes, the practical applicability of cardiac MRI
for diagnosing cirrhotic cardiomyopathy is low[61]. However, it can be used to visualize edema and
myocardial fibrosis seen as late gadolinium enhancement, especially pronounced in patients with
alcoholic liver cirrhosis, to measure LVEF and chamber volumes[39,61,71,72].

Management and prognosis: Currently there exist no guidelines for the diagnosis and treatment of
cirrhotic cardiomyopathy. Management of heart failure in patients with ESLD is built on principles
similar to that of non-cirrhotic patients, consisting of strict sodium and fluid restriction, use of diuretics
to decongest, and afterload reduction[26]. However, afterload reduction in patients with ESLD can be
challenging as they have arterial hypotension at baseline[26]. Additionally, the benefit of beta-blockers
in ESLD patients is not as clear as in other groups. While nonselective beta-blockers can help improve
electromechanical coupling, data from clinical trial report a reduction in cardiac output which can have

WIT | https://www.wjgnet.com 147 July 18,2022 | Volume12 | Issue7 |



Nagraj S et al. Cardiac evaluation for LT

Jaishideng®

detrimental consequences during periods of stress such as infection[73].

LT remains the gold standard treatment as it normalizes hepatic metabolism and reduces the adverse
effects of hyperdynamic circulation, thus improving cardiac function[53,74]. Despite undergoing LT,
recipients seldom remain complication free as the presence of cirrhotic cardiomyopathy increases their
likelihood of acute graft rejection and mortality. This unfavorable effect of cirrhotic cardiomyopathy on
post-transplant outcomes was illustrated in a study by Mittal et al[75] of 970 LT recipients evaluated
over a mean duration of 5.3 years. Patients with diastolic dysfunction pretransplant had a significantly
higher risk of acute cellular rejection [hazard ratio (HR) = 10.56; P = 0.0001)], graft failure (HR =2.09; P =
0.007), and all-cause mortality (HR =1.52; P = 0.01) compared to recipients without cardiac dysfunction.
Notably, the risk of complications increased with worsening diastolic dysfunction. Although point-
based scoring systems such as the cardiovascular risk in orthotopic liver transplantation score to predict
adverse cardiovascular events after LT have been proposed, till date there exist no validated and
standardized models to quantitatively risk-stratify patients based on their risk of developing periop-
erative cardiac complications[76].

Portopulmonary hypertension

Epidemiology and pathophysiology: Portopulmonary hypertension (PoPH) is the presence of
pulmonary arterial hypertension associated with portal hypertension of hepatic or extrahepatic origin
and is currently classified as World Health Organization group 1 PH[77,78]. Prospective studies
evaluating PoPH have reported a prevalence of 5 to 8.5% in patients awaiting LT[78-80]. No specific
etiology of portal hypertension or chronic liver disease is associated consistently with the development
of PoPH[81,82]. Similarly, the severity of liver disease has not been found to be predictive of PoPH[81,
82]. However, presence of severe PoOPH has been associated with a worse prognosis in patients
undergoing LT compared to recipients without PoPH[83,84]. Although the pathophysiology of PoPH
remains unclear, the most widely accepted mechanism is an imbalance of vasoconstrictive and
vasodilatory mediators, wherein humoral substances such as endothelin-1 bypass hepatic metabolism
and reach the pulmonary circulation through portosystemic shunts, leading to pulmonary arterial
hypertension[85,86].

Preoperative evaluation and management: PoPH most commonly presents with exertional dyspnea but
symptoms may be absent or subtle in the initial stages[87,88]. Currently, the ESC and ERS recommend
echocardiographic assessment for PH in symptomatic patients with chronic liver disease or portal
hypertension and in all LT candidates (Class I/Grade B)[89]. Screening with TTE is geared at estimating
the right ventricular systolic pressure (RVSP). Additional information obtained from TTE include right
ventricular dilatation or dysfunction and presence and severity of tricuspid regurgitation[90,91].
Patients with RVSP > 45-50 mmHg should be evaluated further with right heart catheterization (RHC)
which is the gold standard investigation for diagnosing PoPH. The updated RHC criteria for diagnosing
PoPH are: Mean pulmonary arterial pressure (mPAP) > 20 mmHg, pulmonary vascular resistance (PVR)
> 240 dyne s - cm® or 3 Wood Units (WU) and pulmonary capillary wedge pressure < 15 mmHg[92].
Importantly, PoPH with severe hemodynamic impairment (i.e., mPAP > 45-50 mmHg or PVR > 3 WU)
is associated with excessive mortality and is considered an absolute contraindication for LT[93,94].
Patients with mPAP ranging from 35-50 mmHg should be referred to a PoPH specialist for pulmonary
arterial hypertension-specific-therapy with the goal of lowering mPAP to < 35 mmHg and becoming
eligible for LT in the future[93,94]. It is important to note that mPAP may be elevated in conditions other
than PoPH such as volume overload and a hyperdynamic state encountered in ESLD patients.
Therefore, optimization of volume status is important and a complete assessment during RHC to ensure
PVRis >3 WU is necessary to diagnose PoPH[95,96].

Hypertension: Systemic hypertension is not a common finding among patients with ESLD who most
often have low arterial blood pressure (BP), pathognomonic of splanchnic vasodilation and portal
hypertension in liver cirrhosis[97,98]. The release of vasodilators and SNS-mediated vasodilation of
splanchnic vessels lead to reductions in the afterload and systemic vascular resistance[97,99]. Also,
patients with ESLD have a blunted response to vasopressors, and an increased arterial compliance, all of
which result in low systemic BPs[99]. Often, patients with arterial hypertension become “normotensive”
during the course of developing chronic liver disease. In clinical practice, determining the etiology of an
inappropriately normal BP should take into consideration secondary causes of hypertension such as
severe renovascular disease, a previous history of arterial hypertension, and mechanisms counteracting
vasodilation. In ESLD, release of nitric oxide, calcitonin gene-related peptide, and adrenomedullin
results in splanchnic vasodilation, while counteractive activation of renin angiotensin aldosterone
system leads to vasoconstriction and an increase in BP[97,98]. Additionally, these counteractive
mechanisms are influenced by agents such as beta blockers and aldosterone antagonists which are often
used in these patients to mitigate other manifestations of ESLD and also provide antihypertensive
effects.

Valvular diseases: The prevalence of valvular heart disease in patients with ESLD is currently unknown
and there is a paucity of literature and guidelines about management of structural heart disease in LT
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candidates[100]. The presence of valvular diseases such as severe aortic stenosis can pose a prohibitive
risk to live transplant due to an increased risk of intraoperative complications and a risk of periop-
erative mortality greater than 30%[101,102]. Similarly, the hemodynamics of ESLD can preclude
candidacy for valve surgery making these patients extremely high-risk for both procedures[101].
Additionally, the severity of aortic stenosis has been found to correspond with perioperative mortality
in patients undergoing noncardiac surgery[102]. Additionally, patients with uncorrected severe aortic
stenosis undergoing LT have been found to have a higher rate of cardiac complications, including
cardiac death, myocardial infarction, and requirement of aortic valve replacement in the post-transplant
period compared to patients without valvular disease[101,103]. As per the AHA/ACC 2014 guidelines,
elevated-risk elective noncardiac surgery is reasonable to perform in patients with either severe
asymptomatic aortic stenosis, mitral regurgitation, or severe asymptomatic aortic regurgitation with
normal LVEF[104]. Since exercise tolerance is often poor in patients with ESLD, assessment of severity
of valvular heart disease is primarily made based on imaging. However, a detailed history of symptoms
of valvular heart disease or heart failure, clinical examination including cardiac examination for
murmurs, and transthoracic echocardiogram is recommended routinely in all LT candidates to detect
ESLD valvular heart disease, determine its severity, and assess left ventricular function[100,104,105].
This allows for risk stratification and timely planning of valvular intervention if indicated based on
clinical or radiological findings.

Conduction abnormalities: A routine 12-lead ECG should be performed irrespective of a history of
cardiac disease in all patients undergoing evaluation for LT[8,27].

AF: AF has a prevalence of around 10% in patients with ESLD and is the most common arrhythmia after
liver transplantation[106]. It has been found to be associated with a poor prognosis, especially higher in-
hospital mortality, length of hospital stay, increased perioperative cardiac complications, and MACE
after liver transplantation[106-109]. Presence of AF in the pre-transplant period is a strong independent
predictor of MACE at both 30- and 90-d after LT. In LT recipients, it is also the most common major
adverse cardiac event in the first 90 d after transplant and constitutes nearly half of MACE (43%) in
these patients[107]. Therefore, detection of AF with 12-lead ECG, telemetry monitoring, or ambulatory
monitoring devices in those with a suspicion of paroxysmal AF is important as a part of cardiac
evaluation of LT candidates.

QT interval prolongation: QT interval prolongation, considered a hallmark of cirrhotic cardiomy-
opathy, occurs in 30%-50% of patients with ESLD[110-112]. The mechanism for QT prolongation in
ESLD can be multifactorial but only the Child-Pugh score has been found to be an independent
predictor, with changes in plasma norepinephrine contributing to corrected QT (QTc) interval
variability[110,113]. Individual components of the Child-Pugh score have not been found to prolong
QTc interval significantly[110,112]. Sex-specific differences in the duration of QT interval which are
well-established in the general population do not exist in patients with ESLD, whereby a QTc > 440 ms
is considered elevated in both women and men[112,113]. The lack of sex-based differences in the
duration of QTc interval in patients with ESLD persists in the post-transplant period[113]. Although
men with ESLD have a relative androgen deficiency, levels of sex hormones have not been found to
correlate with durations of QTc interval in men and women in the pre-transplant period[113].
Assessment and management of prolonged QTc interval is important as it has been associated with an
increased risk of mortality, especially in alcoholic liver cirrhosis, and in Child-Pugh Class A patients
with any etiology of ESLD[110,114]. However, conflicting data have been reported on the effect of
prolonged QT interval on mortality and its reversibility with LT[110,112,114]. Ko et al[112] their study of
LT candidates did not find an association between QTc interval prolongation and mortality or complic-
ations in the post-transplant period. In this study, patients who underwent LT demonstrated a
significant rise in QTc intervals in the early-post transplant period followed by a significant reduction
within the first six months of LT. On the contrary, Kim et al[114] did not find significant reversibility of
the QTc interval after LT, and rather found it to be an independent predictor of mortality. Also, the
threshold value set for usually defined in the general population and the investigators found male sex to
be an independent predictor of prolongation. This is contrary to the study by Adigun et al[113] who
found no sex-based differences in QTc prolongation among patients with ESLD and did not find male
gender to be independently associated with the duration of the QT interval.

A QT interval of 2 500 ms has been found to be associated with a greater risk of developing torsade
de pointes in the general population but there exists no established cut-off threshold below which a
prolonged QT interval confers freedom from a risk of arrhythmias in both LT recipients and the general
population[115]. There is also a lack of consensus on the cut-off threshold warranting drug discon-
tinuation in drug-induced QT prolongation[115]. Beta blockers which are frequently used in patients
with ESLD have been found to shorten the QT-interval in those with prolonged durations and increase
the duration of QT-interval without prolonging it in those with normal values at baseline[116,117].
Although prolonged QTc interval is prevalent in LT candidates, reversible causes such as QT-interval
prolonging medications and electrolyte abnormalities should be sought and corrected promptly due to
the possibility of life-threatening ventricular arrhythmias. Also, a prolonged QTc interval is not a
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contraindication to LT.

Pericardial diseases

Pericardial effusion: Pericardial effusions can occur both before and after LT and require careful
evaluation to detect tamponade. Hepatitis C infection with or without cryoglobulinemia has been
associated with pericardial effusions both in patients with ESLD and in transplant recipients[118-120].
Although cryoglobulinemia is a well-established complication of hepatitis C infection, pericardial
effusions and myopericarditis occurring as a multiorgan manifestations of cryoglobulinemia are rare
with only a few reported cases worldwide[120]. Physical examination and bedside TTE should be
performed to exclude tamponade. Presence of tamponade or significant pericardial effusion requires
timely pericardiocentesis or pericardial window prior to LT and follow-up with repeat echocardiogram
to evaluate for recurrence[28].

Constrictive pericarditis: In the context of patients with ESLD awaiting LT, constrictive pericarditis
occurs as an etiology of chronic liver disease whereby longstanding hepatic congestion can lead to
cardiac cirrhosis. A high degree of clinical suspicion is required as symptoms of constrictive pericarditis
such as ascites, hepatomegaly and peripheral edema are often misdiagnosed as primary chronic liver
disease[121]. TTE with doppler is the initial recommended test which may reveal characteristics
suggestive of constrictive pericarditis such as ventricular septal shift with respiration, variation in mitral
annular inflow velocity, a thickened pericardium, and rapid early diastolic filling[122]. Cardiac MRI and
cardiac catheterization provide additional information to aid with diagnosis. Management involves
pericardiectomy but cannot reverse ESLD, which in turn renders this procedure very high risk due to
coagulopathy[123].

CONCLUSION

Comprehensive and yet patient-directed cardiovascular assessment consisting of risk factor evaluation,
clinical examination, diagnostic testing with laboratory parameters, imaging, and invasive testing when
medically indicated is essential for risk stratifying patients being considered for LT. Considering the
high-risk nature of this invasive procedure, limited number of donor grafts available, and the high
likelihood of cardiovascular mortality in the postoperative period, identifying those at highest risk of
adverse events who will also benefit from preoperative optimization is imperative. This will help
maximize the chances of a successful LT and avoid futile transplants in those with severe CVD not
amenable to mitigation or repair. Routine cardiac workup consisting of basic tests is indicated in all LT
candidates. Further workup should be guided by clinical judgement and results of the preliminary
workup. Despite the high prevalence of CVD among patients with ESLD, current guidelines fall short of
meeting clinical need. Areas of future research include developing validated predictive models for
cardiac risk stratification in patients with ESLD, improving the diagnostic accuracy of noninvasive tests
for evaluation of CAD, and development of standardized guidelines for nonischemic CVD in patients
with ESLD.
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Abstract

The human gut microbiome refers to all of the microorganisms present throug-
hout the length of the gastrointestinal tract. Gut flora influence host metabolic and
immune processes in myriad ways. They also play an important role in
maturation and modulation of the immune system. Dysbiosis or a pathologic
alteration in gut flora has been implicated in a number of diseases ranging from
metabolic, autoimmune and degenerative. Whether dysbiosis has similar implic-
ations in organ transplant has been the focus of a number of pre-clinical and
clinical studies. Researchers have observed significant microbiome changes after
solid organ transplantation in humans that have been associated with clinical
outcomes such as post-transplant urinary tract infections and diarrhea. In this
article, we will discuss the available data regarding pathologic alterations in gut
microbiome (dysbiosis) in solid organ transplant recipients as well as some of
challenges in this field. We will also discuss animal studies focusing on mouse
models of transplantation that shed light on the underlying mechanisms that
explain these findings.

Key Words: Dysbiosis; Gut microbiome; Innate immunity; Short chain fatty acids; Toll
like receptors; Tolerance
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Core Tip: The human gut microbiome refers to all of the microorganisms present throughout the length of
the gastrointestinal tract. Gut flora influence host metabolic and immune processes in myriad ways. Gut
microbiota alterations have been described in solid organ recipients. In this review we discuss available
human studies about changes in gut flora in solid organ transplant such as kidney, liver and small bowel.
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INTRODUCTION

The human gut microbiota refers to all of the microorganisms present throughout the length of the
gastrointestinal tract and include bacteria, viruses, protozoa, and fungi. The term microbiome is used to
describe these microorganisms along with their collective genetic material. In this article, the terms
microbiome/microbiota will be used interchangeably. We now know that there are over 100 trillion
microbes in the human gut alone, with the majority being found in the colon[1].

Most of these microorganisms consist of bacteria, along with smaller numbers of viruses, fungi, and
protozoa. Previous studies of gut microbiota relied heavily on culture methods and could reliably detect
only a small minority of organisms. Advances in molecular technology with methods such culture
independent RNA and meta-genomic sequencing have revolutionized our understanding of the
composition and function of gut flora and ways they influence host metabolism, immunity and inflam-
mation.

The importance of gut flora in maintaining a healthy physiologic state cannot be understated.
Research studies have shed light on the fact that a multitude of host processes depend on microbial
function. These include maintaining the integrity of gut epithelial cells and thereby the epithelial barrier,
modulation of immune system[2], nutrient processing and regulating systemic inflammation and
metabolism through production of chemical messengers[3,4]. One example of these messengers are
short chain fatty acids (SCFAs) that are produced by bacterial fermentation of dietary fiber in the gut
lumen and circulate in the bloodstream with resultant downstream organ effects[5]. Due to their
enormous contribution to the host, researchers have referred to the gut microbiome as the “second
human genome”. Dysbiosis is defined as a pathologic alteration in the microbiota that has adverse
consequences for the host. This could manifest either as bloom of pathogenic organisms, loss of
commensals or loss of diversity. Both animal and human studies have described the association between
dysbiosis and diseases as diverse as such as coronary artery disease, chronic kidney disease[6], liver
cirrhosis, diabetes mellitus and autoimmune conditions like systemic lupus erythematosus and
rheumatoid arthritis[7-9].

The advent of modern immunosuppressive drugs has revolutionized transplant outcomes in the
short term due to a dramatic reduction in the incidence of acute rejection. However long-term allograft
survival remains sub-optimal[10]. It has been noted that allograft outcomes vary according to the type
of organ transplanted. For instance, lung and intestine grafts that are considered colonized with
microorganisms have poorer graft outcomes than heart and kidney grafts (not colonized)[11]. Gut
bacteria play an important role in maturation and “setting the tone” of the host immune system|[2].
Given their pivotal role in shaping immunologic responses, gut microbiome can possibly affect graft
outcomes in transplantation. In this review we discuss the available data regarding pathologic
alterations in gut microbiome (dysbiosis) in solid organ transplant recipients. We will also explore data
from preclinical studies on mouse models of transplantation that shed light on the possible mechanisms
behind these findings.

METHODOLOGY

Literature search was conducted on PubMed using Mesh database for papers until March 2021. We also
cite high-quality articles in Reference Citation Analysis (https:/ /www.referencecitationanalysis.com).
Only studies published in English were considered. Search terms on Mesh database consisted of
“Dysbiosis”, “Gut microbiome”, “Kidney transplantation”, “Liver transplantation”, “heart
transplantation”, “Heart lung transplantation” and “Lung transplantation”.

Organ transplantation is associated with changes in gut microbiome
Solid organ transplant recipients are exposed to a variety of factors that can affect gut flora. These
include, but are not limited to, antibiotics used for treatment or prophylaxis of infections, immunosup-
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pressive medications as well as other classes of medications such as antihypertensives. Numerous
studies have shed light on gut microbiome changes in hematopoietic stem cell transplant recipients. In
regards to the setting of solid organ transplantation, these studies are still limited and consist mostly of
cross-sectional or longitudinal observational correlation studies.

Studies in liver transplant recipients

Bajaj et al[12] looked at liver transplant recipients and noted that they have increase in microbial
diversity and decrease in endotoxin levels compared to pre-transplant cirrhotic levels. Pathogenic
genera such as Enterobacteriaceae (Escherichia, Shigella, Salmonella) were decreased compared to baseline
cirrhotic state while relative abundance of potentially beneficial commensals Lachnospiraceae and
Ruminococcaceae were increased. Kato et al[13] looked at liver transplant patients and found that
Enterobacteriaceae, Streptococcaceae and Bifidobacteriaceae were increased whereas Enterococcaceae, Lactoba-
cillaceae, Clostridiaceae, Ruminococcaceae, and Peptostreptococcaceae were decreased in patients with
allograft rejection. A study by Sun et al[14] showed that microbiota of cirrhotic patients awaiting liver
transplant surgery was significantly different than controls, however in this study no significant
difference was noted between post-transplant and control groups. A similar study showed that
compared to healthy controls, liver transplantation was associated with decrease beneficial bacteria such
as bifibacteria and lactobacillus and increased pathogenic bacteria such as Enterobacteriaceae[15].

Studies in kidney transplant recipients

The phylum bacteroides is dominant in normal humans as shown by the human microbiome project. In
a study of kidney transplant recipients, Swarte et al[16] found that gut microbiome composition was
significantly different from that of healthy controls, and had a lower diversity. Use of mycophenolate
mofetil (MMF) correlated to a lower diversity of gut flora as well. Lee et al[17] in a study looking at 26
kidney transplant recipients found that instead of bacteroides the dominant phylum was firmicutes. The
same group also showed significant differences in gut bacteria between kidney transplant patients that
had post-transplant complications such as diarrhea, acute rejection and Enterococcal urinary tract
infections vs those that did not. Similar findings were noted in pediatric kidney transplant recipients
[18].

In a study of intestinal transplant patients, ileal microbial diversity as measured by Shannon indices
were not different between patients with and without allograft rejection however patients with acute
graft rejection had significantly higher relative abundance of Proteobacteria and lower abundance of
firmicutes[19]. In a study by Yuzefpolskaya et al[20], stool samples of patients who had received a heart
transplant within the past 6 mo showed a decrease in microbial diversity.

Metabolic changes after solid organ transplant and changes in gut microbiome: New onset diabetes

after transplant

New onset Diabetes after transplant (NODAT) is a frequent complication in solid organ transplant
recipients. Microbiota changes have been described in these patients that were non diabetic pre
transplant. In a study of kidney transplant recipients, the relative abundance of Akkermansia muciniphila

decreased significantly after transplant in NODAT and in initially diabetic patients but not in controls
[21].

Viral infections after transplant

In a study of 168 kidney transplant recipients, Lee ef al[22] showed that patients with high levels of
butyrate producing gut (BPG) bacteria in their stool had a significantly decreased risk for development
of respiratory viral infections such as rhinoviral and coronavirus infections and influenza at 6 mo, 1 year
and 2 years post transplantation. It was also noted in the study that the higher BPG bacteria group had a
decreased risk for development of cytomegalovirus viremia at 1 year post kidney transplantation.

The above-described studies have a number of limitations. These include small sample size and
patient heterogeneity. The timing of sample collection after transplant also varied between studies.
Hence the pivotal question of whether dysbiosis is merely associated with rather than directly causing
post-transplant adverse outcomes remains unanswered.

Evidence from animal models of transplantation

Mice with allogenic skin grafts have been studied to understand immune processes during
transplantation. It has been shown that considerable immune defects are detectable in germ-free mice
that lack gut flora[23]. In these mice, smaller Peyer’s patches are noted and the number of CD4"T cells
and immunoglobulin A producing plasma cells are found to be reduced. This highlights the important
role that gut microorganisms play in maturation and development of host immunity. In a landmark
study, Lei et al[24] found that both germ-free and antibiotic-pre-treated mice exhibit decreased allo-
immunity and had increase in survival of skin grafts. This phenomenon was associated with reduction
in type I interferon and nuclear factor-«B pathway activation in dendritic cells. In the same study when
these germ-free mice had gastric inoculation of gut bacteria from conventional mice, accelerated skin
graft rejection occurred.
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Pre-clinical studies show that both innate and adaptive immune responses are affected by gut flora
[25,26]. Intestinal epithelial cells express surface toll-like receptors on their surface and these are
activated by binding to microbial ligands also called microbe associated molecular patterns MAMP. This
binding suppresses the inflammatory response and promotes tolerance to normal microbiota
components by the host immune cells. Gut flora also stimulates Treg cells which are known to play a
role in graft tolerance. Depending on whether gut flora prime or quiesce the immune system of a mouse
model, changes in allograft outcomes can be seen. If gut bacteria activate inflammatory pathways, this
can hasten allograft rejection. On the other hand, induction of inhibitory pathways can dampen the
immune response and induce tolerance. A study by Emal et al[27] showed that microbiome inflam-
mation and acute kidney injury after ischemia-reperfusion via maturation of macrophages. Conversely,
depletion of the microbes significantly attenuated renal damage, dysfunction, and remote organ injury
and maintained tubular integrity after ischemia-reperfusion.

A number of chemical messengers are produced in the gut lumen by microbial activity. These include
SCFAs comprising butyrate, acetate, and propionate. Butyrate has been found to induce Tregs and
increase interleukin-10 production and decrease proinflammatory cytokine production by colonic
macrophages[28]. In a mouse study, antibiotics to alter gut microbiota increased rate of acute rejection of
skin grafts[29]. This indicates that disruption of the gut microbiota during early life development may
have persistent effects on immune regulation.

The concept of molecular mimicry

Infections occurring prior to transplant can result in several T cell receptors (TCRs) that can cross-react
with donor self-peptides/allo-major histocompatibility complex. In other words, microbial antigens can
mimic allo-antigens from the graft. These have the potential to generate memory T cells that can
subsequently cause injury to the transplanted organ. Infections contracted after transplantation can
influence ongoing allo-immunity by influencing both native and memory alloreactive T cells
independently of TCR cross-reactivity. This can lead to Th1 differentiation and heralds the onset of
acute rejection[30].

Therapeutic trials of modifying microbiome in a mouse model seem promising. Supplementation
with the SCFAs sodium acetate or sodium butyrate decreased dysbiosis and afforded protection against
allograft rejection. This protection was dependent on the G protein-coupled receptor GPR43 and T
regulatory cells. This study could prompt future clinical trials exploring prebiotic and dietary modific-
ations in solid organ transplant recipients as a means to facilitate better long-term graft survival[31].

Microbiome and immunosuppressive drugs: A bidirectional relationship

The gut microbiome can influence pharmacokinetics of immunosuppressive medications causing either
activation or inactivation of the drug[32,33]. Drug elimination can also be impacted by interference in
the enterohepatic circulation by de-conjugation of liver-produced drug metabolites. Studies have shown
that human gut bacteria are capable of metabolizing tacrolimus and MMEF, the two most commonly
used medications in solid organ transplantation. Additionally, Guo et al[34] showed that bacterial
species belonging to the Clostridiales order convert tacrolimus into a less active metabolite. The same
research group found that Faecalibacterium prausnitzii, a member of the Clostridiales order, was found in
greater levels in the gut of 5 kidney transplant patients in need of higher tacrolimus doses. Gut microbes
can also alter the expression of metabolic liver enzymes (e.g., cytochrome P450s). It is a commonly seen
phenomenon that diarrhea in transplant patients can elevate tacrolimus levels. This effect is thought to
be related to downregulation of intestinal cytochrome P4503A4 and P-glycoprotein activity.

Discussion

Both animal and human studies conducted thus far indicate an association between gut microbiome
changes and distinct clinical consequences in solid organ transplant recipients. However, association
does not imply causation and further studies are needed in this direction. The complex crosstalk
between gut flora and immune cells of solid organ transplant recipients needs to be better elucidated in
order to develop newer and better therapeutic strategies to improve long term graft outcomes. There
remain challenges in designing and executing methodologically rigorous microbiome studies including
patient heterogeneity, financial cost and distinguishing between cause, effect, and coincidental
association.

CONCLUSION

It is clear from both animal and human studies conducted thus far that gut microbiome changes are
associated with distinct clinical consequences in solid organ transplant recipients. The complex crosstalk
between gut flora and immune cells of solid organ transplant recipients needs to be better elucidated in
order to develop newer and better therapeutic strategies to improve long term graft outcomes. There
remain significant challenges in designing and executing methodologically rigorous microbiome studies
due to patient heterogeneity, financial cost and distinguishing between cause, effect, and coincidental
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Abstract

Kidney transplantation (KT) is the treatment of choice for patients with end-stage
renal disease, providing a better survival rate and quality of life compared to
dialysis. Despite the progress in the medical management of KT patients, from a
purely surgical standpoint, KT has resisted innovations during the last 50 years.
Recently, robot-assisted KT (RAKT) has been proposed as an alternative approach
to open surgery, especially due to its potential benefits for fragile and immuno-
compromised recipients. It was not until 2014 that the role of RAKT has found
value thanks to the pioneering Vattikuti Urology Institute-Medanta collaboration
that conceptualized and developed a new surgical technique for RAKT following
the Idea, Development, Exploration, Assessment, Long-term follow-up
recommendations for introducing surgical innovations into real-life practice.
During the last years, mirroring the Vattikuti-Medanta technique, several centers
developed RAKT program worldwide, providing strong evidence about the safety
and the feasibility of this procedure. However, the majority of RAKT are still
performed in the living donor setting, as an “eligible” procedure, while only a few
centers have realized KT through a robotic approach in the challenging scenario
of cadaver donation. In addition, despite the spread of minimally-invasive
(predominantly robotic) surgery worldwide, many KTs are still performed in an
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open fashion. Regardless of the type of incision employed by surgeons, open KT may lead to non-
negligible risks of wound complications, especially among obese patients. Particularly, the
assessment for KT should consider not only the added surgical technical challenges but also the
higher risk of postoperative complications. In this context, robotic surgery could offer several
benefits, including providing a better exposure of the surgical field and better instrument
maneuverability, as well as the possibility to integrate other technological nuances, such as the use
of intraoperative fluorescence vascular imaging with indocyanine green to assess the ureteral
vascularization before the uretero-vesical anastomosis. Therefore, our review aims to report the
more significant experiences regarding RAKT, focusing on the results and future perspectives.

Key Words: Deceased donors; Living donors; Kidney transplantation; Minimally invasive surgery; Robotics
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management of KT patients, from a purely surgical standpoint KT has resisted innovations during the last
50 years. Recently, robot-assisted KT (RAKT) has been proposed as an alternative approach to open
surgery especially thanks to its potential benefits for fragile and immunocompromised recipients.
Therefore, our review aims to report the more significant experiences regarding RAKT, focusing on the
results and future perspectives.
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INTRODUCTION

Kidney transplantation (KT) is the treatment of choice for patients with end-stage renal disease,
providing a better survival rate and quality of life compared to dialysis[1]. Despite the progress in the
medical management of KT patients, from a purely surgical standpoint, KT has resisted innovations
during the last 50 years[2]. Indeed, open surgery remains the gold standard approach for KT according
to the latest European Association of Urology (EAU) guidelines[3]. Recently, minimally invasive
surgery (MIS) [and in particular robot-assisted KT (RAKT)] has been proposed as an alternative
approach to open surgery, particularly due to its potential benefits for fragile and immunocompromised
recipients in terms of peri- and postoperative outcomes, length of hospital stay, postoperative pain,
wound infection rate, and cosmetic results[4]. While the spread of a pure laparoscopic approach was
limited by the complexity of the procedure and by long learning curves, robotic surgery in this setting
helps overcome these limitations thanks to the three-dimensional vision, high magnification,
elimination of hand tremor, and the opportunity to take advantage from the Endo-wrist technology.

In 2021, RAKT has become a reality at selected referral centers worldwide in the setting of KT from
living donors (LD), with several reports showing favorable outcomes at a short- and mid-term follow-
up. Yet, expanding the indications for RAKT from deceased donors (DD) is still challenging due to
specific technical and logistical issues[5]. Herein we provide a comprehensive overview of the history of
RAKT, focusing on the evolution of the techniques proposed by different groups worldwide, as well as
on the specific challenges associated with the expansion of this approach for KT from DDs.

RAKT: A HISTORICAL PERSPECTIVE

During the last decades, selected referral centers have implemented MIS in the field of KT from LDs. As
such, a pure laparoscopic approach and subsequently RAKT were performed as progressive steps to
minimize the surgical morbidity of KT while ensuring favorable functional and perioperative outcomes.
Rosales et al[6] reported their first experience with a pure laparoscopic approach, introducing the kidney
through a Pfannenstiel incision and using topical ice slush and cold saline to keep a low graft
temperature. KT was completed with a median overall operative time of 240 min (53 min for vascular
sutures), with a blood loss of 300 cm® and a hospital stay of 14 d. No surgical complications were
reported.

WIT | https://www.wjgnet.com 164 July 18,2022 | Volume12 | Issue7 |


https://www.wjgnet.com/2220-3230/full/v12/i7/163.htm
https://dx.doi.org/10.5500/wjt.v12.i7.163

Jaishideng®

Li Marzi V et al. RAKT in deceased donor setting

Then, Modi et al[7] published a larger experience of 72 patients treated with laparoscopic KT from
LDs. The authors described the use of a Pfannenstiel incision and four left-sided abdominal ports, and
compared laparoscopic KT to open KT. The authors found that laparoscopic KT was associated with a
longer overall operative time [223.8 min vs 175.7 min (P = 0.07), respectively] and a similar estimated
glomerular filtration rate (eGFR) value at 3, 6, 12, and 18 mo. The mean wound length was 5.5 and 17.8
cm (P = 0.0001) and the analgesic requirement was 1.4 and 3.2 mg morphine equivalent in first 24 h (P =
0.005) in the laparoscopic KT and open KT groups, respectively. While other groups have attempted to
use a laparoscopic approach to perform KT from LDs, the spread of a pure laparoscopic approach
among transplant centers was limited by several issues, such as the prolonged rewarming time (that
could negatively impact graft outcomes), the complexity of surgical procedure, and the longer learning
curve for surgeons, which represents a barrier to the widespread adoption of the technique across
centers.

Therefore, thanks to the progressive spread of robotic surgery for the treatment of urological diseases
[8], and given the persistence of the unmet clinical need of introducing MIS in the field of KT, the
technique of RAKT was progressively codified and developed by selected centers in United States,
India, and Europe[9-13] as shown in Table 1. In particular, Hoznek et al[14] performed the first KT
assisted by a robot using an open incision and taking advantage of the robotic arms to perform the
vascular anastomoses. For the first time, this experience demonstrated that vascular anastomoses for KT
could be performed through the robotic platform.

While the first preliminary experience with a purely robotic KT was reported by Giulianotti ef al[15],
it was not until 2014 that the role of RAKT has been valued thanks to the pioneering Vattikuti Urology
Institute-Medanta collaboration that conceptualized and developed a new surgical technique for RAKT
following the Idea, Development, Exploration, Assessment, Long-term (IDEAL) follow-up recommend-
ations for introducing surgical innovations into real-life practice[9-11,16].

Such a technique, described in detail in the following sections of the review, allowed to overcome the
main limitations of a pure laparoscopic approach (i.e., long exposure of the graft to high temperatures
during vascular anastomosis; technical challenges associated with performance of anastomoses laparo-
scopically leading to long learning curves, etc). This experience provided robust evidence showing the
advantages of the robotic technology for minimally-invasive KT, and the foundation for the spread of a
structured step-by-step technique for robotic KT to other referral KT centers worldwide[9,10].

A further major step in this direction was made by the EAU Robotic Urology Section (ERUS), which
created a specific working group to prospectively collect data from patients undergoing RAKT from
LDs at several European Institutions[12]. Breda et al[12] reported the results of a large multicenter
prospective study by the ERUS-RAKT working group, confirming the feasibility and safety of RAKT
and highlighting the reproducibility of the procedure by multiple surgeons with experience in both
open KT and robotic urologic surgery. In this study, excellent perioperative and functional outcomes of
RAKT were reported. An updated analysis from the ERUS-RAKT prospective registry including almost
300 patients provided evidence on the favorable mid-term outcomes of RAKT from LDs[17]. Lastly, the
feasibility and safety of RAKT from DDs were explored by the team of the University of Florence[5].
This preliminary experience raised the bar for RAKT and led to a renowned enthusiasm for this
technique also in the broader setting of DDs. In fact, the University of Florence experience confirmed
that RAKT can be successfully performed in the complex setting of DDs despite specific logistical and
technical challenges. Of note, expanding the indications for RAKT to DDs is a key unmet need for the
transplant community, aiming to increase the number of recipients who may benefit from MIS.

SURGICAL TECHNIQUE FOR RAKT

The Vattikuti-Medanta technique RAKT from LDs

IDEAL phase 0-1: The introduction of the Vattikuti-Medanta technique for RAKT with regional
hypothermia following the IDEAL recommendations represents a milestone for the development and
spread of RAKT worldwide[16]. The IDEAL phase 0-1 involved the preliminary ideation of a new
procedure/technique that could provide benefits for patients. After this, authors could use animal
models or cadavers to evaluate and modify the initial procedure to optimize results during real clinical
cases[9].

First, to reduce the exposure of the graft to longer ischemia time, the authors tested a new technique
to keep the graft temperature low within the pelvis, introducing 240-300 mL of ice slush in the abdomen
during > 300 robot-assisted laparoscopic radical prostatectomies. In addition, based on previous
experiences in robot-assisted laparoscopic radical prostatectomy and robotic partial nephrectomy, they
employed the GelPOINT® device (Applied Medical Resources Corp, Rancho Santa Margarita, CA,
United States) to provide an easy access to the intraperitoneal environment, allowing safe positioning of
the graft into the surgical field, as well as of the ice slush to achieve renal hypothermia[18]. Later, to
simulate a real procedure, four autotransplantations with such a robotic approach were performed in
two cadavers. During the first procedure, the authors replicated the Giulianotti technique, highlighting
relevant difficulties in performing the ureterovesical anastomosis without undocking the robot platform
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Table 1 Overview of the main steps for development and implementation of robot-assisted kidney transplantation programs worldwide

Ref.

Topic

Hoznek et al
[14], 2002

Rosales et al
[6], 2010

Boggi et al
[13], 2011

Giulianotti et
al[15], 2010

Menon et al
[9], 2014

Menon et al
[10], 2014

Sood et al[11],
2014

Breda et al
[12], 2018

Vignolini et al
[5], 2019

Territo et al
[29], 2018

Campi et al
[26], 2019

Gallioli et al
[19], 2020

Vignolini et al
[25], 2019

Musquera et
al[17], 2021

First procedure performed through da Vinci robot (Intuitive Surgical, Inc., Mountain View, California) to complete vascular dissection and
anastomosis as well as ureterovesical anastomosis

First laparoscopic transplantation of a kidney from a living, related donor, performed April 16, 2009

First European robotic kidney transplantation

First robotic kidney transplant in a morbidly obese patient

First standardization of RAKT according to IDEAL principals. Phase 0 (simulation) studies included the establishment of techniques for
pelvic cooling, graft placement in a robotic prostatectomy model, and simulation of the robotic kidney transplantation procedure in a
cadaveric model. Phase 1 (innovation) studies began in January 2013 and involved treatment of a highly selective small group of patients (
n =7), using the principles utilized in the phase 0 studies, at a tertiary referral center

Prospective study of 50 consecutive patients who underwent live-donor RAKT at Medanta Hospital following a 3-yr planning/simulation
phase at the Vattikuti Urology Institute according to IDEAL principals

Monitoring patient safety during the learning phase of RAKT and determine when it could be considered learned using the techniques of
statistical process control

First multicenter prospective observational study performed by the ERUS RAKT working group

Report of the development of the first RAKT program from deceased donors

Update of the multicenter prospective observational study performed by the ERUS RAKT working group

Report of a monocentric RAKT experience with extraperitonelization of the graft according to the Vattikuti-Medanta technique, allowing a

safe access for diagnostic and therapeutic percutaneous procedures during the postoperative period

Analyse of the learning curve for RAKT. At least 35 cases are needed to achieve reproducibility in terms of timing, complications, and
functional results

First preliminary experience with 6 patients operated from January 2017 to April 2018 using indocyanine green fluorescence videography
to assess graft and ureteral reperfusion

The results of the RAKT experience performed in 10 European centers by members of the ERUS-RAKT group

ERUS: European Robotic Urology Section; IDEAL: Idea, Development, Exploration, Assessment, Long-term; RAKT: Robot-assisted kidney transplantation.
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[15]. As such, for the following procedures, the cadaver was placed in a lithotomic position with a 15°-
20° Trendelenburg tilt, and the robot was positioned between the patient’s legs mirroring the config-
uration for robot-assisted laparoscopic radical prostatectomy[9].

IDEAL phase 2A: Patient and trocar positioning: The ideal phase 2A aimed to evaluate the safety and
the efficacy of the new procedure in a few patients in a small prospective study[16]. The absolute
contraindications were the presence of significant atherosclerosis plaques at the level of the iliac vessels,
prior bilateral KTs, previous major abdominal surgery, second transplant, simultaneous dual or
multiple organ transplant, and second transplantation. After confirming the feasibility of RAKT in a
cadaver model with the introduction of specific technical nuances, Menon ef al[10] reported their first
experience with RAKT from LDs in carefully selected patients.

In particular, the recipient was positioned as previously described[9]. A 4-5 cm periumbilical incision
was performed for the GelPOINT® device. The port configuration included: (1) One 12-mm port for the
camera and one 8-mm port for the assistant, placed within the GelPOINT device (to minimize the
abdominal incisions); (2) Three 8-mm ports for the robotic arms; and (3) One 12-mm assistant port
placed in the right iliac fossa. The da Vinci robotic platform (Intuitive Surgical, Sunnyvale, CA, United
States) was docked between the patient’s legs. After skeletonization of external iliac vessels, the surgeon
created an extraperitoneal pouch over the psoas muscle to allocate the graft after completion of the
vascular anastomoses. The graft was placed in a gauze jacket filled with ice and then introduced into the
pelvis using the GelPOINT device. Subsequently, 180-240 mL of ice slush were introduced in the pelvis
through modified Toomey syringes to achieve adequate regional hypothermia.

A distal bulldog clamp followed by a proximal clamp was placed on the external iliac vein. Then, a
longitudinal venotomy with cold scissors was performed, and an end-to-side anastomosis between the
graft renal vein and the external iliac vein was completed in an end-to-side fashion using a running
ePTFE suture (Gore-Tex CV-6; W. L. Gore & Associates Inc, Flagstaff, AZ, United States)[10]. Before the
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suture had been finished, the lumen of the external iliac vein was flushed with heparinized solution
through a 4.8 Fr ureteric catheter introduced through the assistant port. In the end, the graft vein was
clamped, and the previously placed bulldog clamps were released and positioned proximally and then
distally on the external iliac artery. Initially, the arteriotomy was made with cold scissors; thereafter, a
laparoscopic aortic punch (Teleflex-Medical Inc, Research Triangle Park, NC, United States) was
employed to create a circular hole. A continuous end-to-side anastomosis was realized between the
external iliac and the graft artery using the Gore-Tex CV-6 suture.

At completion of the arterial anastomosis, the graft renal vessels were clamped and the external iliac
artery declamped. If no signs of bleeding were observed, all clamps were removed to revascularize the
graft. The graft was inspected for color, turgor, and on-table diuresis, and gently placed in the extraperi-
toneal pouch (closed by approximating the previously prepared peritoneal flaps) taking care not to
stretch the vascular anastomoses. Lastly, the uretero-vesical anastomosis was performed according to a
modified Lich-Gregoire technique using a 4-0 polydiaxone suture (Ethicon Inc, Cincinnati, OH, United
States). A 6 Fr, 16-cm double-] stent, introduced through the assistant port, was placed into the ureter
before completing the anastomosis. During this phase, developing an adequate detrusor tunnel was
relevant to provide an anti-reflux mechanism. The stent was generally removed 3 wk after RAKT in the
outpatient clinic.

ERUS-RAKT technique for RAKT from LDs

In 2018 the ERUS RAKT working group reported their first multicenter prospective study on RAKT
from LD enrolling 120 enrolled patients[12]. All European centers followed a standardized operative
protocol based on the Vattikuti-Medanta experience with the introduction of a few technical nuances.
The patient was placed in a lithotomy position with a 20°-30° Trendelenburg tilt. After the introduction
of the GelPOINT through a linear periumbilical incision of 6 cm, the other four ports were placed, in the
same position reported by Menon et al[10]. However, in 4 female recipients, the introduction of the graft
was provided through a transvaginal GelPOINT. In all cases, a 2 cm incision of the GelPOINT cap was
made to guarantee the introduction of ice slush with a modified Toomey tip syringe. After placing the
clamp on the external iliac vein and the realization of the venotomy using Potts scissors, an end-to-side
anastomosis between the graft vein and the external iliac vein was made with a 6/0 Gore-Tex® CV-6
TTc-9 or THe-12 needle. The suture was tied to secure the posterior wall of the anastomosis at the
proximal angle and then it was completed until the distal to avoid stenosis. For the artery, the bulldog
clamps placement on the external iliac artery were finalized to perform a preliminary incision with cold
scissors, completed using a laparoscopic aortic punch. In the beginning, both vascular anastomoses
require passing the needle in the external iliac vessel in an outside-inside direction and then inside-
outside through the graft vessel. However, while during the venous anastomosis the knot was tied
immediately, and only then the needle was passed outside-inside through the renal vein to start the
running suture, during the artery anastomosis, the knot was created to a loop left outside after the
passage of the needle through the graft vessel outside-inside. Finally, the vesicoureteral anastomosis
was realized following the principles of the Lich-Gregoir technique over a pre-placed 4.8-Fr, 12-cm
double-J stent[12].

During the procedure, an adequate management of vascular anastomosis was mandatory to reduce
the risk of severe postoperative complications. In particular, avoiding intimal injury through a careful
manipulation of graft vessels was a key step during RAKT. In addition, as suggested by Gallioli et al
[19], a complete learning curve could be useful to achieve reproducible intra- and postoperative
outcomes. Finally, the exclusion criteria to perform RAKT have been modified during the last years, but
the main issues are currently represented by severe calcification at the level of the iliac vessels and
previous bilateral KT[17].

Technical nuances for RAKT from DD: The University of Florence experience

After the development of RAKT from LD, some centers tried to widen the indications for RAKT,
including grafts from DDs[20]. The main contraindications in these series were: (1) The presence of
atherosclerotic plaques at the level of the iliac vessels; (2) Previous multiple major abdominal surgery;
(3) Absolute contraindications for robotic surgery; and (4) Previous bilateral KT. In this context, the
transplant multidisciplinary team must deal with specific issues from both organizational and technical
standpoints due to the “emergency scenario” and the time-dependent nature of the intervention. To the
best of our knowledge, the largest experience of RAKT from DD was reported by our group proposing
specific technical nuances to improve surgical technique while ensuring maximal patient and graft
safety[5,19].

Bench surgery

The harvesting procedure is performed according to established protocol[21]. In case of grafts from
donors after circulatory death, a hypothermic machine perfusion device is employed for graft preser-
vation before RAKT. During the bench surgery, the graft is perfused with Celsior® solution. Then, the
anterior margin of the vein is shaped by cutting a small part of venous tissue to provide better visual-
ization of its posterior margin. In addition, if a right-sided graft is available, increasing the length of the
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Figure 1 Overview of the main steps for Alexis® Wound Protectors/Retractors placement through Pfannestiel incision according to the

University of Florence technique for robot-assisted kidney transplantation. A: After ports placement; B and C: A Pfannestiel incision is performed; D-
F: The Alexis® device is placed through Pfannestiel incision.
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right vein using an inferior vena cava patch is always considered; yet, RAKT using right-sided grafts
from DDs appears feasible even without a caval patch thanks to the advantages of the robotic platform,
as demonstrated for RAKT in LD setting[22].

Of note, if severe atherosclerotic plaques are observed at the level of the aortic Carrel’s patch, the
surgeon may remove them, realizing the arterial anastomosis without the patch. In case of multiple
vessels, the surgeon usually reconstructs them to perform a single anastomosis (i.e., using a side-to-side
anastomosis between two renal arteries in a “pantaloon” fashion), as shown in several experiences[23,
24]; alternatively, a small polar artery can be anastomosed to the inferior epigastric artery with a
separate arterial anastomosis[10]. When the kidney is prepared, it is placed into a gauze jacket filled
with ice to provide less traumatic handling and to maintain graft hypothermia. Finally, a 5-Fr, 12-cm
double-J stent is routinely pre-placed into the ureter during bench surgery to facilitate the subsequent
uretero-vesical anastomosis.

Surgical technique for RAKT from DDs

At our institution, all RAKTs followed the principles of the Vattikuti-Medanta technique with the
progressive introduction of specific nuances during the learning curve[10]. Specifically: (1) A Pfannestiel
rather than a periumbilical incision is used for the GelPOINT® (or the Alexis® Wound Protectors/
Retractors, Applied Medical Resources Corp, United States) placement improving the aesthetic results
and providing closer access to the iliac vessels (Figure 1); (2) The GelPOINT® device is placed only after
adequate preparation of iliac vessels, bladder, and extraperitoneal pouch to reduce the potential risk of
bladder injury; (3) The venotomy is realized with curve scissors and then a two-continuous suture is
completed for the posterior and anterior plate of the venous anastomosis. First, the anterior part is
performed from 12 to 6 o’clock position knotting at 6 o’clock, and then the posterior one is completed
from 6 to 12 o’clock position; and (4) The arteriotomy is realized with cold scissors without the use of a
laparoscopic aortic punch. In addition, considering the higher risk of atherosclerotic plaques at the level
of the external iliac arteries for recipient in DD setting, the anastomosis is performed using two running
sutures (in Gore-Tex 5/0 instead of 6/0). After the realization of the posterior plate using a running
suture from 12 to 6 o’clock position, without knotting at the end, the anterior wall is completed with
another running suture from 6 to 12 o’clock position. Then, the two ends are tied together at 6 o’clock.
This technique establishes the correct tension of the anastomosis considering the characteristics of both
the graft and iliac vessels. If the Carrel’s patch is suitable, it can be removed, mirroring the anastomosis
during RAKT in LD setting.

Regarding the assessment of graft and ureter reperfusion, our group proposed the use of intraop-
erative indocyanine green fluorescence videography to complement the intraoperative visual and
ultrasound-based evaluation of the graft after completion of the vascular anastomoses[25]. In any case,
the graft is allocated in the previously prepared extraperitoneal pouch by reapproximating the two
peritoneal flaps prepared at the beginning of the procedure (Figure 2): This step has been shown to offer
a safe access for diagnostic and therapeutic percutaneous procedures during the postoperative period,
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Figure 2 Intraoperative snapshots showing the main phases of isolation of the vascular and uretero-vesical anastomoses during robot-

assisted kidney transplantation from deceased donors. A: After skeletonization of external iliac vessels, the surgeon created an extraperitoneal pouch
over the psoas muscle to allocate the graft after completion of the vascular anastomoses. A distal bulldog clamp followed by a proximal clamp was placed on the
external iliac vein; B-D: A longitudinal venotomy with cold scissors was performed, and an end-to-side anastomosis between the graft renal vein and the external iliac
vein was completed in an end-to-side fashion using a running suture; E: The previously placed bulldog clamps were released and positioned proximally and then
distally on the external iliac artery. After the realization of the arteriotomy; F and G: A continuous end-to-side anastomosis was performed between the external iliac
and the graft artery. Subsequently, the uretero-vesical anastomosis was performed according to a modified Lich-Gregoire technique; H-J: The graft is allocated in the
previously prepared extraperitoneal pouch by reapproximating the two peritoneal flaps prepared at the beginning of the procedure. EIA: External iliac artery; EIV:
External iliac vein; GA: Graft artery; GV: Graft vein; PF: Peritoneal flap.
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as reported by Campi et al[26] without any type of postprocedural complications.

OUTCOMES OF RAKT FROM LD SETTING

During the last 10 years, several studies have been reported showing the feasibility and safety of RAKT
in the LD setting. Menon et al[10] published their experience of the first 25 RAKTSs, reporting a mean
console, warm ischemia, arterial, and venous anastomotic times of 135 min, 2.4 min, 12 min, and 13.4
min, respectively. In addition, no delayed graft function (DGF) or early surgical postoperative complic-
ations were observed, while at 6 mo of follow-up two patients underwent re-exploration, and one
patient died of congestive heart failure. Subsequently, Sood et al[27] published a preliminary
comparison of 50 and 175 patients who had undergone RAKT and open KT, respectively. No difference
in terms of early postoperative functional outcomes was reported (median creatinine 1.2 and 1.3 mg/dL,
in RAKT and open KT group, respectively). No DGF was observed, while one patient in the RAKT
group and four in the open KT underwent post-transplant dialysis. In addition, during the early follow-
up, three deaths were observed (one in the RAKT group and two in the open KT, respectively).
Recently, the final results of this experience (IDEAL phase 2B) have been published[28]. Particularly, 126
patients undergone RAKT and 378 open KT (1:3 matched cohort) were included, reporting a lower rate
of wound infections (0% vs 4%, P = 0.023), symptomatic lymphoceles at 36 mo (0% vs 7%, P = 0.003),
DGEF (0% vs 2.3%, P = 0.081), and reduced postoperative pain with the robotic approach. At a median
follow-up of 24.7 and 23.2 mo, for RAKT and open KT group respectively, no differences in terms of
graft survival were observed {95.2% [95% confidence interval (CI): 86-99.3] vs 96.3% (95%Cl: 93.1-99.4), P
= 0.266}.

Another relevant experience was reported by Breda ef al[12], presenting the preliminary results of
ERUS RAKT working group from 120 patients who underwent RAKT. In this multicenter prospective
observational study, the median operative and vascular suture time was 250 and 38 min, respectively.
The median estimated blood loss was 150 mL and no major intraoperative complications were reported.
Two patients needed open conversion and in five cases (4.2%), surgical management was requested for
intraperitoneal hematoma. The median eGFR was 58.0 mL/min on postoperative day 30. Territo ef al[29]
updated this study, reporting the results of 291 RAKTs from LD and highlighting a shorter operative
time after the first 120 cases (265 min vs 230 min, P = 0.005). The mean overall surgical and re-warming
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time was 244 (70.5) and 53.16 (15.27) min, respectively. In all, five (2%) were lost due to thrombosis and
one due to acute rejection. Two patients had arterial stenosis, three had incisional hernias, six had
ureteric stenosis, and nine had lymphoceles. Finally, Musquera et al[17] described the mid-terms
outcomes of 291 RAKT from LDs procedures. Overall, 22 cases of early major postoperative complic-
ations (defined as Clavien-Dindo Complication > 2) were recorded, while after more than 90 d from
RAKT, 16 cases of major postoperative complications were observed, including one patient who died for
pulmonary thromboembolism, two cases of arterial stenosis, three of incisional hernias, two of ureteric
stenosis, one of angioplasty, and seven of lymphoceles. However, regarding the functional outcomes,
the authors reported a progressive improvement of the eGFR (60 mL/min/1.73 m? at last follow-up).
The median hospital stay ranged between 7 and 14 d[12,17], but it could be influenced by several items,
such as hospital policies and patient-related factors. Despite the favorable results, several issues still
limit the spread of RAKT from living (and deceased) donors worldwide, including the technical and
logistical complexity of the procedure, as well as limited evidence regarding its learning curve. Sood et
al[11] analyzed the learning curve of RAKTs with regional hypothermia from LDs, stratifying the
recipients into three groups according to the robotic and open KT experience of the surgeons. Of note,
they observed that the learning curve for RAKT was minimal for surgeons who had prior robotic and
KT experience. These results were confirmed by Ahlawat et al[30] who described a short learning curve
in RAKT for experienced surgeons in KT and robotic surgery, achieving optimal skills within ten cases.
However, the authors suggested that further improvements could be observed for the first 20-25 cases.

Later, Gallioli et al[19] published the results of a multicenter study, including the five highest-volume
centers of the ERUS RAKT working group. They demonstrated that the Trifecta, defined as no major
intra/ postoperative complications, no delayed graft function, and rewarming time < mean + 2 SD (=
48.6 min), was achieved in 75% of cases after a minimum of 35 procedures. Notably, all graft losses took
place during the first ten RAKTs, raising concerns regarding potential technical errors during the very
first cases of the robotic series, and highlighting the need of proper modular training for surgeons
wishing to start their experience with RAKT. In brief, the authors suggested that at least 35 procedures
could be necessary to achieve reproducibility in surgical time, complications rate, and functional results.
In conclusion, while further prospective studies are needed to define the differences in the learning
curve of open and robotic KT (adjusting for all patient- and provider-specific factors), centers that are
interested in developing RAKT programs may benefit from existing courses on RAKT (i.e., Orsi
Academy, Belgium) and from the expertise gained by multicenter collaborations such as the ERUS-
RAKT working group. Standardized proficiency-based training curricula are warranted.

RAKT FROM DECEASED-DONORS: CHALLENGES AND PRELIMINARY RESULTS

Since its inception, RAKTSs has been primarily developed as an “elective” procedure in the LD setting.
Considering the limited available evidence, as well as several logistical challenges, many teams might
have concerns regarding the feasibility and safety of RAKT in a more complex scenario, such as that of
DDs. Indeed, RAKT from DDs is a challenging procedure, demanding great efforts from organizational
standpoints and with only few preliminary experiences worldwide[15,17,19,31-33]. Particularly,
Vignolini et al[5] published the results of their structured RAKT program, based on a previous solid
experience in open KT and RAKT from LDs.

The authors defined 5 essential phases to determine the technical and logistical feasibility of
performing RAKT in case of DDs. Initially, the availability of the dedicated surgical team must be
ensure, while the recipient is admitted to the Nephrology Unit to perform careful anesthesiologic and
preoperative work-up. Then, the availability of the robotic operating room must be verified, aiming to
start RAKT within 16 h from the organ procurement surgery, in order to keep the overall ischemia time
< 24 h[34]. Finally, a careful graft evaluation on the bench is critical to individualize the indication for
RAKT (i.e., open KT is preferred in case of multiple vessels which cannot be reconstructed to perform a
single vascular robotic anastomosis).

Despite these specific challenges, preliminary experiences coming from selected referral centers
worldwide provided the proof of the concept that RAKT (in experienced hands) can be safely perform
from DDs, with favorable short- and mid-term outcomes, even during the pandemic[5,19,35,36]. To the
best of our knowledge, our experience represents the largest series so far on RAKT from unselected DDs
[19,37]. At a median follow-up of 16 mo [interquartile range (IQR): 7-22], recipients showed good
functional results with a median eGFR of 57 mL/min/1.73 m? (IQR: 45-76); only two patients needed
dialysis treatment at the last follow-up. The safety profile of RAKT from DDs in terms of major
(Clavien-Dindo grade > 3) surgical complications was also promising. These favorable preliminary
findings were confirmed by an updated analysis comparing RAKT and open KT from DDs at our center
[37]. Overall, there were no significant differences between the RAKT and open KT cohorts in terms of
baseline donor-, graft- and recipient-related characteristics, except for a significantly higher proportion
of pre-emptive recipients in the RAKT cohort (40.0% vs 4.9%, P = 0.0001), a significantly lower American
Society of Anesthesiologists score among patients undergoing RAKT (2 vs 3, P = 0.033). The re-warming
and the vascular anastomosis time did not significantly differ between RAKT and open KT (47 min vs 28
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min, P = 0.2; 15 min vs 18 min, P = 0.2, respectively).

There were no significant differences between RAKT and open KT in terms of median hospital stay
(13 d) as well as the major postoperative complication rate. However, the RAKT group was associated
with a significantly lower blood transfusion rate (14.3% vs 22.2%, P = 0.008). At the last follow-up, no
differences were observed between the two groups in terms of mid-term graft function. Despite lack of
randomization, our experience provides further evidence supporting the non-inferiority of RAKT as
compared to open KT from DDs, provided careful patient selection, adequate surgical training, and
availability of a framework allowing performance of RAKT even in “non-elective” conditions (i.e.,
weekends, night, efc). However, our technique is not devoid of limitations. In particular, all candidates
for RAKT are evaluated with a computed tomography (CT) scan before surgery to identify athero-
sclerotic plaques at the level of the external iliac vessels; that remains an absolute contraindication for
the procedure. In addition, in case of atherosclerotic lesions of the renal vessels, the characteristics of
polypropylene needle could provide advantages compared to Gore-Tex, but it is not suitable for robotic
surgery. For these reasons, a carefully preoperative evaluation of patients is needed to tailor the surgical
approach taking into consideration the patients’ characteristics, especially when the procedure will be
carried out as an emergency.

DISCUSSION OF THE EVIDENCE AND FUTURE PERSPECTIVES

Despite the development and spread of minimally invasive (predominantly robotic) surgery worldwide,
many KTs are still performed in an open fashion. Regardless of the type of incision employed by
surgeons, open KT may lead to non-negligible risks of wound complications[38], especially among
obese patients. In addition, considering the fragility of KT recipients, there is certainly a window of
opportunity for new surgical techniques to minimize the morbidity of KT allowing faster recover and
better patient-reported outcomes[39]. As such, RAKT has the potential to reduce specific KT-related
surgical complications, such as wound dehiscence/infection, symptomatic lymphoceles, postoperative
pain, as well as to minimize the length of hospitalization. RAKT might also improve the cosmetic result
of KT. All these potential advantages of RAKT are most promising for overweight/obese recipients[40],
who represent a patient population at a higher risk of postoperative adverse events. As universally
known, the obese “pandemic” is nowadays spread in developed countries, affecting a large part of the
population. Although obesity is not considered an absolute contraindication for KT, European and
United States data have shown that this condition is associated with a reduced chance of receiving
transplantation[12]. The assessment of obese recipients for KT should consider not only the added
surgical technical challenges but also the higher risk of postoperative complications, while remaining
the best treatment option[41,42]. In this context, robotic surgery could offer several benefits, providing a
better exposure of the surgical field and a better instrument maneuverability.

However, the optimal indications as well as the ideal body mass index (BMI) to perform RAKT is still
under debate. Recently, some experiences regarding the outcomes for obese patients and morbidity
obese ones (BMI = 30 and 35 kg/m?, respectively) have been reported, highlighting benefits in terms of
postoperative wound infection if compared to open KT[40-43]. In addition, Spaggiari et al[44] have
recently published the results about the simultaneous realization of RAKT and sleeve-gastrectomy,
improving the patients’ compliance and outcomes. The available evidence suggests potential
advantages, even in terms of learning curve. As previously reported, a surgeon’s background has a
limited impact on his ability to perform RAKT; what really matter is the previous surgeons’ exposure to
robotic surgery and open KT[11]. However, considering the major exposure to minimally invasive
surgery and expertise in ureteral diseases, urologists may have advantages, if compared to other
specialties (e.g., general surgeons, transplant surgeons), as well as the skills to manage significant
postoperative complications (e.g., ureteral stricture).

On this regard, while Musquera et al[17] reported two patients treated through open ureteral
reimplantation for stenosis, Campi et al[37] reported two cases of endoscopic management for ureteral
complications in a DD setting. Therefore, the best surgical approach to treat urological complications
should be evaluated in light of patients” and related-problems characteristics (endoscopic, minimally
invasive surgery, or an open approach). Despite the fact that the development of a RAKT program from
DD could be extremely challenging from both a technical and organizational standpoint, Campi et al[37]
proposed the realization of a dedicated pathway, avoiding any impact on donors’ management from
both a clinical and organizational standpoint, even in the DD setting. To move the field forward, specific
challenges of RAKT (especially in the DD setting) must be overcome. These include the need of a
dedicated, highly qualified surgical team (trained in robotic surgery), and higher direct costs as
compared to open KT. While an estimated increased cost of 15000 USD per RAKT has been reported if
compared to open approach[31], the higher availability of platforms will hopefully reduce the costs of
robotic technology, mitigating the financial downside of RAKT in the future. This might potentially
allow a more significant penetrance of the robotic technology among KT centers in Europe and
worldwide.
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CONCLUSION

In conclusion, the vast majority of RAKTs so far have been performed using grafts from LDs in carefully
selected recipients and have been shown to achieve optimal early and mid-term outcomes (which are at
least non-inferior to those of open KT based on the current literature). Yet, to date, no randomized
controlled trial has been conducted comparing RAKT to the gold-standard open approach. As such,
several clinical and research questions (such as the reproducibility of RAKT outside referral high-
volume centers) remain unanswered. In addition, only a few preliminary experiences have been
reported on the outcomes of RAKT from DDs. In this scenario, critical steps need to be taken to
implement the technique and the logistics aiming to increase the number of recipients who may benefit
from minimally invasive surgery and “making RAKT ready for the prime time”. Large randomized
prospective multicenter studies are eagerly warranted to address these unmet clinical needs, defining
the best indications and limits of robotic surgery for KT.
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Abstract

Reconstructive surgery of the eyelid after tumor excision, trauma or other causes
can be challenging, especially due to the complexities of the anatomic structures
and to the necessity of both functional and aesthetic successful outcomes. The aim
of this minireview was to investigate the use of tissue transplantation in eyelid
reconstruction. Surgical procedures are various, based on the use of both flaps,
pedicled or free, and grafts, in order to guarantee adequate tissue reconstruction
and blood supply, which are necessary for correct healing. Common techniques
normally include the use of local tissues, combining non-vascularized grafts with
a vascularized flap for the two lamellae repair, to attempt a reconstruction similar
to the original anatomy. When defects are too wide, vast, deep, and complex or
when no adjacent healthy tissues are available, distant area tissues need to be
recruited as free flaps or grafts and paired with mucosal layer reconstruction.
With regards to the anterior lamella, full thickness skin grafts are commonly
preferred. With regards to the reconstruction of posterior lamella, there are
different graft options, which include conjunctival or tarsoconjunctival, mucosal
or palatal or cartilaginous grafts usually combined with local flaps. Free flap
transplantation, normally reserved for rare select cases, include the use of the
radial forearm and anterolateral flaps combined with mucosal grafts, which are
surgical options currently reported in the literature.

Key Words: Eyelid reconstruction; Graft transplantation; Flap transplantation; Eyelid
lamella grafts; Cartilage grafts; Dermis grafts; Mucosa grafts
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Core Tip: Transplantation tends to be a viable option in eyelid reconstruction surgery. The most commonly
used technique involves the use of grafts for the reconstruction of one or both eyelid structures. The use of
free flaps are seldom used and are reserved for cases of extensive tissue lost. In these cases, favorable flaps
considered are those that are anatomically thin and pliable.
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INTRODUCTION

Eyelid reconstruction tends to be complex and difficult and can be needed after oncological surgery or
trauma. There are also cases, which are not frequent, in which reconstructive surgery is needed to repair
damage caused by aesthetic surgery, such as lagophthalmos post-blepharoplasty or scarring eyelid
retraction. In patients with invasive and relatively large eyelid tumors, the need to perform complete
oncologic excision with margins adapted to tumor type may result in the removal of an important part
of this anatomical structure that encompasses both aesthetic and functional properties[1].

The eyelid consists of an anterior and posterior lamella. The anterior portion of the lid is composed of
skin and orbicularis muscles, while the posterior portion includes the posterior tarsal plate, retractors (in
the lower eyelid), and conjunctiva[2]. In most eyelid reconstruction surgical procedures, both lamellae
need to be replaced. At least one lamella needs to include a functioning blood supply and therefore has
to be pediculated, otherwise the reconstructed tissue cannot properly grow and heal, resulting in poor
and/or no wound closure[3].

Several surgical techniques are currently available for lower eyelid reconstruction; the choice of the
technique and postoperative results mainly depend on the preference and experience of the surgeon
and on the etiology of the eyelid defect. Most surgical techniques combine different flaps and grafts in
order to reconstruct both lamellae. The most commonly used reconstructive techniques are based on
local flaps, which are widely described in the literature[4-6], and possible grafts to complete lid
reconstruction. The main objectives of surgery include obtaining postsurgical outcomes that reflect the
normal eyelid in terms of anatomy, aesthetics, and function. The aim of our minireview was to present a
brief overview of reconstructive techniques based on autologous tissue transplantation for eyelid
reconstruction surgery, including the use of grafts and/or free flaps, which have been reported in the
literature in the past 10 years.

MATERIALS AND METHODS

We conducted a search of the literature published between January 1, 2011 to November 1, 2021 using
MEDLINE (PubMed). The database was first searched using the key words “eyelid reconstruction,
eyelid reconstruction AND grafts, free flaps, tissue transplantation, autologous grafts, autologous
tissues”. We considered only studies in English and those referring to humans and with an abstract,
thus reducing the count to 1473 papers. The reference lists of all retrieved articles were assessed to
identify additional relevant studies. The research of articles was preformed using PubMed (
https:/ /pubmed.ncbi.nlm.nih.gov) and Reference Citation Analysis (https://www.referencecitation-
analysis.com).

Only articles with an abstract were considered. After excluding all works in which only local flaps
were used for reconstruction, 63 studies were analyzed. A quality score was calculated for each article
using a check list from the American Society of Plastic Surgeons guideline for therapeutic studies[7].
Each study was independently assessed by at least two reviewers (Miotti G and Zeppieri M), and rating
decisions were based on the consensus of the reviewing authors. The results of the most relevant studies
are shown in Table 1.

GENERAL NOTIONS REGARDING RECONSTRUCTIVE EYELID SURGERY

The particular eyelid anatomy must always be considered when reconstructing it. In doing so, we must
always remember the presence of two lamellae that constitute the two eyelids. Full thickness defects
larger than a third of the eyelid should be reconstructed in two planes, which correspond to the
posterior and anterior lamellae. In order to avoid necrosis of the reconstruction, at least one lamella
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Table 1 Studies in literature regarding reconstructive eyelid surgery

What Where Type of tissue transplant  Ref. Conclusions
Grafts Bilamellar Skin graft + tarsoconjunctival Doxanas[11], 1986, Orbital part muscle mobilization allows full thickness eyelid
reconstruction  graft with orbicularis oculi Kakizaki et al[10],  reconstruction using two grafts due to its vascular support
muscle advancement 2009
Skin graft + tarsal graft Bortz et al[12], 2020 Reconstruction of lower eyelid defects with a free tarsal graft and
overlying free skin graft resulted in an acceptable functional and aesthetic
lower eyelid suggesting that retention of or provision of vascular support
in either the anterior or posterior lamella may not be necessary
Anterior lamella Skin graft Alghoul et al[9], Anterior lamellar defects can be reconstructed with a full-thickness skin
2013 graft. Split-thickness skin grafts should not be used
Skin graft Shorr et al[14], 2003 Upper eyelid skin grafting can be performed with good cosmetic results to
address corneal decompensation in patients who have acquired
lagophthalmos from anterior lamellar insufficiency
Posterior Tarsoconjunctival graft Hawes et al[17], Essential component of eyelid reconstruction as it provides an anatom-
lamella 2011 ically similar tissue for the inner layer of reconstructed eyelids. Patients
receiving a free tarsoconjunctival graft were less likely to require surgery
to repair eyelid margin erythema than those receiving a Hughes tarsocon-
junctival flap
Yazici et al[23], Lateral periorbital bilobed flap with tarsoconjunctival graft can be a good
2020 alternative for the single-stage reconstruction of large upper eyelid defects
Bengoa-Gonzalez ~ Reconstruction of upper eyelid defects secondary to malignant tumors
et al[24], 2019 with a newly modified Cutler-Beard technique with tarsoconjunctival
graft gives stability to the new upper eyelid, avoiding retraction caused by
scarring
Hard-palate mucoperiosteal ~ Yue et al[26], 2020, HPM may be considered the optimal choice for reconstructing the
Ito et al[27], 2007 posterior lamella of the eyelids because it has similar histological
composition and texture to the tarsoconjunctiva
Hendriks et al[28],  The use in upper eyelid reconstruction is controversial because hard-
2020 palate mucosa is composed of keratinized, stratified squamous
epithelium, which can irritate the cornea. Despite this, excellent results
were reported for its use in upper eyelid posterior lamellar reconstruction
Chondromucosal graft ‘Yamamoto et al Ear cartilage is useful because it is easy to harvest and fabricate, has
[33], 2017 suitable flexibility, and provides adequate support. Chondromucosal
grafts from the nasal septum consist of highly supportable tissue. It lacks
softness and flexibility, and harvesting is limited
Suga et al[34], 2016  Ear cartilage fits well to bulbar surface. It has lower complication rate,
while in the nose septal perforation and more bleeding can occur
Hendriks et al[28],  The use of alar or triangular cartilage provides a thinner but smaller sized
2020 sample, with good adaptability in eyelid reconstruction but raised the
problem of donor site morbidity
Scapha chondrocutaneous Uemura et al[36], ~ The scapha cartilage graft with small skin, round and soft with a shape
graft 2016 similar to that of the lower lid, affords a good fit to the eye globe
Dermis fat graft Kuzmanovié¢ Provides stiffness, additional surface area, and a scaffold. Helps with
Elabjer et al[39], vascularization and decreases fat tissue atrophy. It can be flat or domed
2018
Venous graft Barbera et al[40], VGs obtained by propulsive venous vessels are the most suitable for this
2008 reconstruction because of their thinness, texture, and anatomical structure
Tomassini et al By properties of elasticity, smoothness, and concavity, the VG conforms to
[41], 2012 the globe without inducing a chronic inflammatory reaction on the bulbar
conjunctiva or on the cornea
Scevola et al[42], Safe, fast, and easily reproducible compared with chondroseptal graft
2015
Galea or pericranium graft Ibafiez-Flores etal ~ Pericranial graft provides enough tissue to cover large defects, with an
[43], 2019 appropriate volume and a non-painful postoperative period
Buccal mucosa graft Grixti and It lacks structural integrity. It is too weak and small to support the lower
Malhotra[44], 2018, eyelid, shrinking substantially during the postoperative period, so it
Jin and Cao[45], should be used in combination with cartilage
2021
Flaps Bilamellar Neurovascular free flap from  Chait et al[46], 1980
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Free flap based on the second  Yap et al[47], 1997
metacarpal artery

Free dorsalis pedis flap Thai et al[48], 1999  Free flap used for outer lamella and conjunctival flap for inner lamella
Free forearm flap Kushima et al[49],  Entire upper eyelid reconstruction and a hard palate graft for the
2003 posterior one

Ghadiali et al[50],  Upper and lower eyelid total reconstruction where an extensive tissue loss
2016 of the ipsilateral forehead and temple. Tarsal plate of the eyelids was
rebuilt by palmaris tenon grafts

Iwanaga et al[51], 2 cases of functional upper eyelid defect reconstruction. They used a free

2019 flap elevated with palmaris longus tenon split into two strips: One fixed
to the frontalis muscle to achieve the opening function and the second to
the medial palpebral ligament and the lateral orbicularis muscle to
achieve the closing function

ALT flap Rubino et al[52], Upper and lower eyelid unilateral full thickness reconstruction with ALT
2008 free flap in a patient with no available adjacent tissues, involved in
extended burns, and no possibility of using RFF

ALT: Anterolateral; HPM: Hard-palate mucoperiosteal; RFF: Radial forearm flap; VGs: Venous grafts.
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should have an intact blood supply. The association of two grafts is therefore not recommended. The
two planes must thus consist of the association of either two flaps or a flap and a graft[1]. Most studies
reported in the literature follow this common idea; however, some authors have also proposed the use
of only grafts.

The association of two flaps is the safest combination regarding vascular supply and postoperative
recovery. However, the use of two flaps can lead to a thick reconstructed eyelid, which can be limited if
each flap is comprised exclusively of the exact missing layer. For this reason, the use of a flap and a graft
is the best option for satisfactory aesthetic result. The final choice of the surgical technique depends on
several factors, which include the preference and experience of the surgeon, etiology of the eyelid
defect, and the availability of flaps and grafts[8]. The quality of local tissues can also modify this choice.
History of radiotherapy, previous or planned in the postoperative period, can guide the reconstruction.
By determining a reduction of the vascularization of the treated tissues, well vascularized tissue are
preferred to repair the defects[3,5]. Local flaps certainly represent a common reconstructive choice and
are preferable to grafts, especially for previously irradiated sites. The aim of our study, however, was to
assess a narrower and more specific field of literature, to concentrate on studies regarding eyelid
reconstruction surgery based on tissue transplantation, to include grafts or free flaps.

GRAFT TRANSPLANTATION

Graft transplantation in eyelid reconstruction is perhaps the most commonly used procedure in routine
clinical settings. Various tissues can be transplanted to complete the eyelid reconstruction. Both lamellae
can be restored with grafts; however, the anterior lamella is the most common segment that tends to be
repaired. As a basic rule, grafts should be used when there is an adequate vascular bed to enhance post-
transplanted survival. Grafts can also be used in irradiated tissues when needed; however, these types
of grafts generally need to be associated with local flaps to enhance the vascularization and guarantee
graft survival. Radiotherapy on engrafted areas could cause ulceration or delay the wound healing[9].
Commonly used techniques combine a non-vascularized graft for one lamella with a vascularized flap
for the other[9].

As mentioned above, usually only one lamella can be reconstructed with a graft, but techniques to
reconstruct both have also been described. Kakizaki et al[10] reported bilamellar graft reconstruction
with orbicularis muscle mobilization between grafted areas (“sandwich flap”), first described by
Doxanas[11] in 1986. The orbicularis oculi muscle provides an excellent blood supply to grafted tissues
in these cases, in addition to enhancing the mobility of the reconstructed lid. In 2020, Bortz et al[12]
published a clinical series in which full-thickness lid defects were restored using free tarsal grafts for the
posterior lamella and free skin grafts for the anterior lamella. The authors reported this method as an
alternative to the “classic” Hughes flap for lower eyelid reconstruction, especially when the occlusion of
the eye could be a problem (vision deficit, elderly patients, etc). The evidence reported by Tenland et al
[13] led the authors to propose this type of reconstruction. The study showed that tarsoconjunctival (TC)
tissue survival does not seem to be dependent on a conjunctival flap, and thus free TC grafts or
composite grafts might be considered as viable alternatives.

Anterior lamella grafts
Anterior lamella is often reconstructed with a full-thickness skin graft[10-14]. Other possibilities of
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tissue transplantation include tissue cultured autograft, tissue cultured allograft, skin bank allograft,
acellular dermal replacement, and xenograft[15]. Ideal donor sites include upper and lower eyelid skin
and posterior auricular, preauricular, or supraclavicular skin. Split-thickness skin grafts should not be
used, with the exception of cases of extensive burns in which the donor site is limited[9].

Posterior lamella grafts

Grafts or flaps are viable options for posterior lamellar reconstruction[10]. Grafts include conjunctival or
TC grafts, hard palate (or palate) graft, cartilage (auricular or nasal septal) grafts, mucoperichondrium
grafts, dermis fat grafts (DFGs), venous grafts (VGs), galea or pericranium grafts, mucosal membrane
(buccal or labial) grafts, and temporalis fascia grafts. For lower eyelid reconstruction, for example, single
or tandem composite skin muscle TC eyelid grafts from the upper lids or contralateral lower lid may be
an option[10].

TC grafts: TC grafts are an excellent choice for posterior lamellar reconstruction considering that this
structure reflects the features of a normal eyelid[9]. Tarsal grafts alone, taken from the healthy eyelid,
can be used in association with local flaps for anterior lamella reconstruction[16]. TC grafts and flaps are
essential components of eyelid reconstruction since these alternatives provide anatomically similar
tissues for the inner layer of reconstructed eyelids[17]. First described in 1918 by Blaskovics[18] for
lower eyelid reconstruction, autogenous TC grafts have found widespread use, as described by Hughes
[19], Leone et al[20], and several others in the literature[21,22]. Hawes et al[17] proposed guidelines for
the use of TC flaps and grafts to repair lower eyelid defects.

Free grafts are preferred in most cases in which the defect is from one-third to three-quarters of the
eyelid length. TC flaps are advantageous when the defects are large (entire lower eyelid loss) and when
poor healing can be expected. Usually, this type of reconstruction is completed by a local flap for the
anterior lamella and is not limited only to the lower eyelid. Yazici ef al[23] recently described the
association of a TC graft with a bilobed local flap for the upper eyelid. Bengoa-Gonzélez et al[24]
described the use of the graft to complete and modify the Cutler-Beard technique for the upper eyelid.
The TC graft gives stability to the new upper eyelid, avoiding retraction caused by scarring. From a
technical point of view, it is fundamental to also avoid complications in the donor site, which usually
heals spontaneously by secondary intention[9]. Almost 3-4 mm of tarsus must be maintained to allow
donor eyelid stability, and Miiller’s muscle should be conserved. To avoid entropion or ectropion to
reconstructed eyelid, the tarsal graft should be snug and no wider than the smallest dimension of the
defect[17]. Figure 1 shows an example of our patient that underwent left lower eyelid reconstruction
after tumor excision using a TC graft (from the left upper eyelid) for the posterior lamella and a local
flap for the anterior one.

Hard-palate mucoperiosteal grafts: Hard-palate mucoperiosteal (HPM) grafts, described for the first
time by Siegel[25] in 1985, can be used to replace the posterior lamella due to the ability of this graft to
provide structural support and mucosal lining[9]. HPM may be considered the optimal choice for
reconstructing the posterior lamella of the eyelids because it has similar histological composition and
texture to the tarsoconjunctiva, and an adequately sized graft can easily be acquired[26,27]. HPM tends
to be one of the preferred choices for most lower eyelid reconstructions in routine clinical settings[26].
The use of HPM in upper eyelid reconstruction is controversial because hard-palate mucosa is
composed of keratinized, stratified squamous epithelium, which can irritate the cornea, especially when
the defect is adjacent to the middle part of the cornea[9,28]. Despite this, excellent results without
complications have been reported in studies when used in upper eyelid posterior lamellar
reconstruction[28,29].

The reconstruction of the anterior lamella requires the use of flaps. Palatal mucosal grafts provide
good structural support to the eyelid. This is essential for the inferior eyelid, especially when the graft is
combined with a heavy flap such as the Mustardé or the orbito-nasogenien flap. The graft is and
remains stiff. The shrinkage is minimal, thus providing a stable, free eyelid margin and limiting
ectropion or entropion[28]. Limits of this technique, in addition to the aforementioned corneal irritation,
are the described pain and delayed healing at the donor site observed when periosteum is included in
the graft[30].

Auricular and nasoseptal cartilage grafts: Auricular and nasoseptal cartilage can also be useful altern-
atives when considering graft tissues for reconstructive surgery[28,31,32]. In some cases, this graft may
prove to be too thick and too stiff to match with the eye convexity, thus needing to be thinned without
compromising the supportive strength. Ear cartilage is useful because it is easy to harvest and fabricate,
has suitable flexibility, and provides adequate support[33]. The spherical surface fits well with the shape
of the external bulbar surface[34]. Chondromucosal grafts from the nasal septum consist of highly
supportable tissue. Caution must be taken when harvesting a chondroseptal graft to avoid damage to
the remaining mucosa surrounding the vast perforation. Considering this tissue is composed of hyaline
cartilage, it lacks softness and flexibility. This may result in difficulty with fabrication and unsuitable
contact with the bulbar conjunctiva. In addition, the harvestable size is limited[33]. The use of alar or
triangular cartilage provides a thinner but smaller sized sample, with good adaptability in eyelid
reconstruction but raises the problem of donor site morbidity[28]. Suga et al[34] published in 2016 a
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comparison between ear and nasal septum grafts. The study reported that both tissues provide good
options for reconstructing an inner layer of the lower eyelid. The authors stressed that the main
difference lies on postoperative outcomes at the donor site. Ear cartilage tends to have lower
complication rates, while harvesting nose grafts can cause important septal perforation and vast
bleeding.

Another option for cartilaginous reconstruction of the posterior lamella of the lower eyelid is a scapha
chondrocutaneous graft, first proposed by Yanaga and Mori[35]. Further studies reported by Uemura et
al[36] described interesting results with the use of this graft combined with a local propeller flap. The
scapha cartilage graft is an interesting alternative because it has a thin coat of skin and is round and soft
with a shape similar to that of the lower lid. This tissue can provide a good fit with the eye globe and
can be harvested quickly without severe complications.

DFGs: DFGs can provide useful replacement tissue for eyelid and orbit reconstruction. The DFG is
composed of a dermis button, obtained by removing the overlying epidermis with the underlying
subcutaneous fat. The dermis provides stiffness, additional surface area, and a scaffold. Moreover, the
dermis helps with vascularization and decreases fat tissue atrophy. This tissue can be flat or domed
shaped[37]. This graft option tends to be considered primarily for socket reconstruction in the context of
anophthalmia, either congenital or acquired[38]. Secondary indications are eyelid reconstruction, socket
contraction, eyelid contraction (used as spacer[39]), or implant exposure.

VGs: Barbera et al[40] first proposed VGs as a reconstructive possibility in 2008. The study reported that
VGs obtained by propulsive venous vessels are the most suitable for this type of surgical reconstruction
because of the tissue thinness, texture, and anatomical structure. Moreover, due to the properties of
elasticity, smoothness, and concavity, the venous graft conforms to the globe without inducing a chronic
inflammatory reaction on the bulbar conjunctiva or on the cornea[41]. Scevola et al[42] showed that VG
is a good technique for palpebral reconstruction because it is safe, fast, and easily reproducible when
compared with a chondroseptal graft.

Galea and pericranium grafts: Galea and pericranium grafts represent a secondary choice in eyelid
reconstruction. These tissues represent a reconstructive possibility in cases of severe periocular trauma,
wide tumor resections, or in socket reconstruction[35]. Ibaiez-Flores et al[43] published a series of cases
in which pericranium grafts were used. The authors concluded that pericranial grafts provided a
sufficient amount of tissue to cover large defects, thus providing appropriate substitutional volume
without painful postoperative healing.

Buccal mucosa graft: Buccal mucosa graft is a good lining option[9]. Oral mucosa has similar biological
properties to conjunctiva, thus making it a viable alternative to restore the ocular surface[44]. This
tissue, however, lacks structural integrity and tends to be too weak and small to support the lower
eyelid. Moreover, postoperative shrinking can be substantial during the follow-up period, thus it should
be used in combination with cartilage[43,45]. It is important to note that buccal mucosa graft harvesting
and postoperative healing tend to be rather painful for most patients.

FLAP TRANSPLANTATIONS FROM DISTANT SITES

When defects are too complex to be reconstructed with local flaps or grafts or when no adjacent tissues
are available, the operation is challenging, and transplantation of tissues from distant areas is necessary.
Mechanical support and mobility for reconstructive surgery can seldom be found in tissues from a
distant region, combining thin and pliable skin with mucosal layer reconstruction. The flap needs to
provide characteristics that are appropriate both from a functional and an aesthetic prospective. Free
flaps are normally not frequently considered in reconstructive surgery. In addition, reconstructions with
free flaps have several possible complications. The effect of possible radiotherapy on the recipient site
(which is frequent in advanced tumors) is one of the elements that can determine the failure of
autologous microsurgical reconstruction. The harmful effects on tissues and blood vessels are well
known. There are only a few studies reported in the literature that are based on this surgical option for
complete or partial eyelid reconstruction.

One of the first attempts of periocular region reconstruction using free flaps was described by Chait et
al[46] who used a neurovascular free flap from the first web space of the foot after exenteration. An
alternative distant surgical flap was described in a case report by Yap et al[47] in 1997 in which the
eyelids were rebuilt using a free flap based on the second metacarpal artery. Thai et al[48] proposed a
free dorsalis pedis flap for the outer lamella and a local conjunctival flap for the inner one for total
eyelid surgical reconstruction after deep facial burn in a study published in 1999.

One of the main problems in periocular region reconstruction is represented by the extreme thinness
of the tissues that compose it. This represents a limit for the reconstructive techniques due to the
thickness of the tissues generally used to cover the defects. This limit is highlighted when the
reconstructive choice is a free flap. For this reason, it is quite difficult to find a viable flap that can
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Figure 1 A patient that underwent left lower eyelid reconstruction after tumor excision using a tarsoconjunctival graft (from the left upper
eyelid) for the posterior lamella and a local flap for the anterior one. A: Basal cell carcinoma of left lower eyelid with preoperative markings; B: Lid after
surgical removal; C: Postoperative reconstruction with Tenzel flap + tarsoconjunctival graft from the left upper eyelid; D: Clinical presentation 2 wk after surgery.
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provide satisfactory surgical reconstruction outcomes. Kushima et al[49] described an entire upper
eyelid reconstruction using a free radial forearm flap for the anterior lamella and a hard palate graft for
the posterior one. This flap, thanks to its flexibility and thinness, is considered the ideal solution.

The same flap has been used by Ghadiali et al[50] in a case of upper and lower eyelid total
reconstruction in which the patient had extensive tissue loss of the ipsilateral forehead and temple. In
this specific case, there were no local tissues available for reconstruction. The authors used a 5 cm x 11
cm radial flap to reconstruct the entire area, followed by a fenestration of the flap 4 mo later. The tarsal
plate of the eyelids was rebuilt by palmaris tenon grafts. As a result, the patient obtained a visually
useful eye, which remained intact after the trauma[50]. Radial forearm flap was also used by Iwanaga et
al[51] in 2 cases of functional upper eyelid defect reconstruction surgeries. The authors used a free flap
elevated with palmaris longus tenon in a fascinating way. The palmaris longus tenon was split into two
strips, in which one strip was fixed to the frontalis muscle to achieve the opening function and the
second to the medial palpebral ligament and the lateral orbicularis muscle to achieve functioning
closing lids.

Another feasible free flap, especially in thin or super-thin forms, is the anterolateral flap. In 2008,
Rubino et al[52] described a case of upper and lower eyelid unilateral full thickness reconstruction with
anterolateral free flap in a patient with no available adjacent tissues, who had extensive burns and no
possibility of using a radial forearm flap. In this patient, the blepharoraphy was opened after 3 mo from
the first surgery, obtaining good skin coverage but incomplete closure of the eye.

CONCLUSION

Eyelid reconstruction remains extremely complex and fascinating, especially considering that the main
aims of surgery include re-establishing the anatomy, providing protection of the eye globe, favoring the
sight, and guaranteeing the aesthetics of the face. It is clear that each surgical procedure requires
experience, careful planning, and personalized surgical options tailored for each patient. From the
analysis of the current literature in this field, it appears significantly advantageous to exploit periocular
tissues when possible. However, other options including non-traditional flaps and grafts can prove to be
viable alternatives in specific cases, especially when there is extensive damage to the lids and/or
neighboring tissues are scarce and not feasible options. Stem cell harvesting and new transplanted
autologous tissues can pave the way to future surgical techniques in reconstructive lid surgery.
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Abstract

BACKGROUND

Physical activity levels are significantly lower in kidney transplant (KT) recipients
compared to the general population. The effects of exercise training in KT
recipients with diabetes mellitus remain unclear, and so little is known about the
role of increased exercise on cardiovascular risk and metabolic profile of KT
patients.

AIM
To investigate the effects of a 6-mo home-based exercise training program on
functional capacity, glucose levels and lipid profile of diabetic KT patients.

METHODS

In total, 21 type II diabetic KT recipients were randomly assigned into two groups:
Exercise (n =11, aged 52.9 + 10.1 years) and control (n = 10, aged 53.01 + 9.5
years). All participants at baseline and the end of the study underwent bioche-
mical tests for fasting plasma glucose levels, glycated hemoglobin and lipid profi-
le and cardiopulmonary exercise testing for maximum oxygen uptake [(VO,),..]
estimation. The exercise group followed a 6-mo supervised home-based aerobic
and progressive resistance exercise program of moderate intensity 3 times per
week, while the control group continued to receive usual care.

RESULTS

At the end of the 6-mo study, the exercise group had significantly lower values in
fasting plasma glucose by 13.4% (from 120.6 + 28.9 mg/dL to 104.8 £ 21.9 mg/dL,
P =0.01), glycated hemoglobin by 1.5% (from 6.7% * 0.4 to 6.6% * 0.4, P = 0.01)
and triglycerides by 8.5% (from 164.7 + 14.8 mg/dL to 150.8 + 11.6 mg/dL, P <
0.05) and higher values in high-density lipoprotein by 10.2% (from 51.4 + 8.8
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mg/dL to 57.2 £ 8.7 mg/dL, P < 0.05) and (VO,),,, by 4.7% (from 22.7 + 3.3 t0 23.8 + 4.2, P = 0.02)
than the control group. There were statistically significant differences between the two groups at
the end of the study for fasting plasma glucose (decreased by 9.6%, P < 0.05), triglycerides
(decreased by 4.5%, P = 0.04) and (VO,),.,, (increased by 4.4%, P = 0.01). Finally, after training,
there was a moderate, positive linear relationship between (VO,),.., and glycated hemoglobin in
the exercise group (r = 0.408, P = 0.03).

CONCLUSION
The results demonstrated that a 6-mo home-based mixed type exercise training program can
improve the functional capacity, levels of glucose and lipid profile of diabetic KT recipients.

Key Words: Renal transplant recipients; Diabetes mellitus; exercise; Lipid profile; Glucose control;
Functional capacity

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Physical activity levels are significantly lower in kidney transplant (KT) recipients compared to
the general population. The effects of exercise training in KT recipients with diabetes mellitus remain
unclear, and so little is known about the role of increased exercise on cardiovascular risk and metabolic
profile of KT patients. This randomized controlled trial aimed to investigate the effects of a 6-mo home-
based exercise training program on functional capacity, glucose levels and lipid profile of diabetic KT
patients. The results of the present study demonstrated that a long-term exercise training program is
feasible and effective in diabetic KT recipients.

Citation: Michou V, Nikodimopoulou M, Deligiannis A, Kouidi E. Metabolic and functional effects of exercise
training in diabetic kidney transplant recipients. World J Transplant 2022; 12(7): 184-194

URL: https://www.wjgnet.com/2220-3230/full/v12/i7/184.htm
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INTRODUCTION

Renal transplantation is an effective treatment option for end-stage kidney disease patients and aims to
improve quality of life and reduce mortality. Kidney transplant (KT) patients are dealing with many
non- or modifiable risk factors after the transplantation surgery, especially due to the use of
maintenance immunosuppression[1,2]. Dyslipidemia, abnormal glucose tolerance, hypertension, anemia
and nephrotoxicity are common immunosuppressive therapy side effects in KT patients[2,3].
Unfavorable alterations in lipid and glucose profiles contribute to high cardiovascular risk[4], while low
functional capacity due to comorbidities, corticosteroids and inactivity is common among these patients

[5]

Diabetes mellitus incidence among the KT patient population is also high. Regular physical exercise
can be an adjunct therapeutic modality for patients with diabetes mellitus, as it reduces the risk of
cardiovascular disease, increases insulin sensitivity[5], leads to better glucose control and reduces lipid
disorders[1]. High cardiovascular disease risk in KT patients is strongly associated with low physical
activity levels[6-8]. Despite physical exercise benefiting KT patients” general health, only a few patients
include physical activity in their daily routine[9]. This may be due to the non-normalized physical
fitness after transplantation and comorbidities[10,11].

Although most of the studies on KT recipients have previously evaluated functional capacity and
metabolic profile compared to healthy individuals, only a few studies have investigated the effects of
structured exercise programs on glucose levels and lipid profile. Results from the few studies on
functional capacity in KT recipients have shown that physical inactivity is a risk factor contributing to a
patient’s low physical fitness, which increases the risk of morbidity and mortality[5,9].

By increasing physical activity levels during their daily life KT recipients show favorable results, such
as improvements in their cardiovascular fitness[6], even though the exact type, frequency or intensity
recommended is not yet clear. Home-based exercise programs have previously largely been applied in
hemodialysis and patients undergoing cardiovascular rehabilitation[4,12], while only two studies have
so far provided home-based exercise rehabilitation programs for KT recipients[13,14]. This study aimed
to examine the effects of a 6-mo home-based exercise training program on glycemic control, lipid profile
and functional capacity of diabetic KT recipients.
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MATERIALS AND METHODS

Patients

Twenty-eight adult KT recipients with type 2 diabetes (T2D) mellitus were recruited from the
Transplant Surgery Clinic of the Hippokration General Hospital of Thessaloniki, Greece. Exclusion
criteria included age older than 70 years, body mass index over 40 kg/m? presence of autoimmune
disorders (such as systemic lupus erythematosus, multiple sclerosis, ulcerative colitis, Crohn’s disease
or rheumatoid arthritis), history of recent coronary heart disease (CHD) (myocardial infarction, unstable
angina) within the previous 6 mo, serious musculoskeletal problems that may limit the patient’s
participation in this study, non-compliance with diabetes medication and previous participation in an
exercise training program.

Study design

Initially, all patients who met the inclusion criteria underwent clinical examination {electrocardio-
graphy, hemodynamic [blood pressure and heart rate (HR)] and anthropometric (weight and height)
measurements}, blood sampling and cardiorespiratory testing for their physical fitness estimation. After
baseline measurements, patients were randomly assigned by simple randomization (drawing lots) to
either an exercise group or a control group. Participants in the control group were asked to maintain
their regular lifestyle and their current physical activity level during the study period. At the end of the
6-mo study, all patients underwent the same assessment. All tests were conducted by the same
researcher, who was blinded to group allocation. Patients” medications were asked to remain
unchanged during the study period. This randomized controlled trial protocol was approved by the
Ethics Committee of the Aristotle University of Thessaloniki (Protocol number: 117461/2019). All
participants received all the necessary study information before the enrollment and provided written
informed consent. The clinical trial started in September 2019 and ended in February 2020.

Functional capacity assessment

To assess patient functional capacity, patients underwent a symptom-limited cardiopulmonary exercise
testing on a treadmill using a Bruce protocol[15] during morning hours (9:00-11:00 am). Breath-by-
breath gas exchange was measured by the Med Graphics Breeze Suite CPX Ultima (Medical Graphics
Corp, MN, United States). The electrocardiogram was continuously monitored throughout each test,
and the blood pressure was measured at every stage. The endpoint was set as the respiratory exchange
ratio 2 1.10. From each test, the peak oxygen uptake [(VO,),...], pulmonary ventilation, ventilatory
equivalents for oxygen (pulmonary ventilation/VO,), carbon dioxide (pulmonary ventilations/VCO,)
and the ratio between VO, and maximum HR (VO,/HR,, ) were measured.
Lipid and glucose profile assessment

At baseline and the end of the study, blood samples were taken from the brachial artery between 7:00-
9:00 am, after a 12-h fast by the same blinded microbiologist at the Hippokration General Hospital of
Thessaloniki. Blood samples were drawn from each group to determine by photometric method
hematocrit, by computational method hemoglobin, by ion-selective electrode method serum concen-
trations of sodium, potassium, calcium, magnesium and electrolytes (potassium, sodium, calcium,
phosphorus, magnesium), by enzymatic colorimetric method fasting plasma glucose (FPG) (mg/Dl),
serum triglycerides (TG) and hemoglobin Alc (HbAlc) and by enzymatic method serum total
cholesterol (TC), high-density lipoprotein (HDL) and low-density lipoprotein (LDL). Results were
analyzed through biochemical auto-analyzer devices.

Exercise program design

Participants in the exercise group received a home-based exercise program for 6 mo. The exercise
program included aerobic exercise and muscle strengthening exercises, 3 times per week for 60-90 min,
with moderate intensity, i.e., 60%-80% of the maximum HR reached during cardiopulmonary exercise
testing. Training intensity was increased gradually throughout the study according to each patient’s
capacity and adaptations. Each exercise session started with a 10-min warm-up and finished with a 10-
min recovery (upper and lower limp stretching).

The aerobic part of each exercise session consisted of walking through going up and down stairs or
cycling on a stationary bike, initially for 15 min, with a consequent gradual increase of time by 5 min
every 2 wk, reaching 40 min in the last 2 wk before the end of the program. After a 5 min break, patients
continued with the strengthening part of the exercise program. Patients were asked to perform six
dynamic muscle strengthening exercises using just their body weight at the beginning. During the first
week, each patient had three familiarization sessions with a physical education teacher experienced in
exercise rehabilitation for patients with chronic disease, who also gave him/her an information booklet
with exercise instruction images and a detailed description of the strengthening part of the program.
Strengthening exercises were performed in 2 sets of 8-10 repetitions (with a 1-min passive break
between the sets), in a progressive sequence from sitting to standing position. The exercise prescription
included three strengthening exercises for the upper limbs (such as shoulder press, bicep curl and
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triceps extension) and three for the lower limbs (such as leg flexion-extension). Progressively they were
asked to perform the same exercises using rubber bands, balls and dumbbells (1 kg). Patients were
advised to first perform 2 sets (8-10 repetitions) of upper limb strengthening exercise with balls and 2
sets with the 1 kg dumbbells (8-10 repetitions) in a sitting position. Second, patients were asked to place
the rubber bands on their feet, tie them to the bottom of their bed or chair and do strengthening
exercises in a sitting position (2 sets, 8-10 repetitions). Last, patients were asked to place the dumbbells
on their feet in a standing position and move their legs back and forth, right and left of their torso, with
hands placed in the middle of their body.

To ensure each patient’s autonomy, the interventional 6-mo home-based exercise program was
individualized, while the progress and adherence to the program were monitored by telephone every
week and a home visit every month to control improvement and possible modification of the program
by the researcher. To enhance compliance, participants were asked to fill in individual diaries,
describing the type, frequency and duration of each exercise session and significant notes, which were
collected every week through telephone communications. Moreover, researchers contacted patients for
possible modifications or recommendations for exercise prescription.

Furthermore, it was essential for patients to measure before each exercise session (at least 30 min
before) their blood glucose, blood pressure and HR levels and note the results in their diary. If glucose
concentration was below 70 mg/dL or above 130 mg/dL, patients were advised to avoid starting
exercise. Moreover, intake of a small number of carbohydrates (10-15 g) before exercise or having a
carbohydrate snack available, in case of signs of hypoglycemia, was an important preventive measure.
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Patients were also informed about the area of insulin injection that should be done in the abdominal
cavity and not in the exercised limbs.

Statistical analysis

IBM Statistical Package for Social Sciences (SPSS 27.0 for Windows, Chicago, IL, United States) was used
for the statistical analysis. The Kolmogorov-Smirnov test was used to evaluate variables” normality of
distribution. Mean differences within time and between the two groups were analyzed using two-way
analysis of variance with repeated measures. Linear regression was used to study the association
between variables that revealed statistically significant changes over time. Data were expressed as mean
+ SD for normally distributed variables. The two-tailed P-values < 0.05 were considered statistically
significant.

RESULTS

Patient demographic data and characteristics

At baseline, 40 KT patients were screened for eligibility; 28 were included in our study and randomized
to either exercise or control group. During the 6 mo, 3 patients from the exercise group and 4 patients
from the control group withdrew from the study due to health reasons (such as infection or musculo-
skeletal problems) or personal reasons (such as lack of time). Therefore, 21 patients completed the study
(exercise group: n = 11; control group: n = 10). The flowchart of participants was based on recommend-
ations from the Consolidated Standards of Reporting Trials (Figure 1). There was no statistically
significant difference between the two groups’ demographic and clinical data (Table 1). There were no
exercise-induced musculoskeletal, cardiovascular, renal or other complications during the study.

Lipid and glucose profile results

After the 6-mo home-based exercise program, a statistically significant reduction of FPG by 13.4% (P =
0.01), TG by 8.5% (P < 0.05) and HbAlc by 1.5% (P = 0.01) as well as a significant increase in HDL by
10.2% (P < 0.05) compared to the baseline values in the exercise group was noted. In contrast, there was
no statistically significant difference in any biochemical parameter studied in the control group at the
end of the study (Table 2). Concerning changes between groups at the end of the study, the mean
concentrations of FPG and TG were decreased by 9.6% (P < 0.05) and 4.5% (P = 0.04), respectively.

Functional capacity results

Exercise group results from the cardiopulmonary exercise testing revealed a statistically significant
increase in (VO,),.,, by 4.7%, (P = 0.02) at the end of the study (Table 3). At baseline, there was no statist-
ically significant difference between groups, but at the end of the study, there was only a significant
intergroup difference in (VO,),.,., which was increased by 4.4% (P = 0.01) in the exercise group
compared to controls.

peak

Correlations

Lastly, linear regression analysis showed that there was a moderate, positive correlation only between
(VO,) e and HbATc after training in the exercise group (r = 0.408, P = 0.03) (Figure 2).

DISCUSSION

The results of the present study demonstrated that a home-based aerobic and strengthening exercise
training program improved serum lipids by lowering the TG and increasing the HDL levels and glucose
metabolism, as reflected by fasting glucose and HbAlc levels in diabetic KT patients. Moreover, the
improved cardiorespiratory fitness observed in the exercise patients was found to be linearly related to
the improved HbAlc.

Randomized controlled trials on exercise training programs in KT patients are few, and so little is
known about their positive or negative effects or the type, frequency or intensity of exercise in this
population. Painter ef al[13] was the first that studied the clinical effects of exercise training on CHD risk
profile through the first year of renal transplantation. Results showed that even though exercise led to a
statistically significant increase in HDL and decreased high TC-HDL ratio, which categorized patients at
high CHD risk, exercise as the only modifiable parameter did not significantly reduce CHD risk in KT
patients. Pooranfar et al[16] showed that a 10-wk, non-pharmaceutical, aerobic (at 45%-65% of maximum
HR) and resistance exercise program statistically decreased TG, TC and LDL, while HDL remained
unchanged.

A few years ago Juskowa et al[17] assessed the effects of early rehabilitation on the musculoskeletal
system and blood atheromatic indices and found that after daily 30 min of exercise, FPG and HDL levels
were statistically improved in the exercise group, while TC-HDL ratio was unchanged. There was also a
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Exercise group Control group P value
Sex (male/female) 8/3 8/2 0.52
Age (yr) 529+95 53.0+13.1 0.51
Height (cm) 1.6+05 1.6+0.0 0.34
Weight (kg) 70.8+12.2 721+6.7 0.77
BMI (kg/m?) 24426 25.6+2.0 0.23
Place of residence
Rural area 27.2% (3/11) 40.0% (4/10) 0.69
Urban area 72.7% (8/11) 60.0% (6/10) 042
Education
Primary education 54.5% (6/11) 40.0% (4/10) 0.33
Secondary education 18.1% (2/11) 10.0% (1/10) 0.68
Higher education 9.0% (1/11) 20.0% (2/10) 0.65
No education 18.1% (2/11) 30.0% (3/10) 0.70
Employment status
Employed 18.1% (2/11) 10.0% (1/10) 0.71
Unemployed 54.5% (6/11) 40.0% (4/10) 0.53
Retired 27.2% (3/11) 50.0% (5/10) 0.38
Smoking 18.1% (2/11) 10.0% (1/10) 0.74
eGFR-CKD-EPI equation (mL/min) 61.0+73 59.5+8.2 0.53
Stage of diabetic nephropathy
Stage 3 81.8% (9/11) 90.0% (9/10) 0.77
Stage 4 18.1% (2/11) 10.0% (1/10) 0.64
Time after KTx (mo) 474+183 478 £18.1 0.68
Primary causes of ESKD
Diabetes mellitus 54.5% (6/11) 50.0% (5/10) 0.64
Hypertension 27.2% (3/11) 20.0% (2/10) 0.56
Polycystic kidney disease 18.1% (2/11) 10.0% (1/10) 0.56
Glomerulonephritis 9.0% (1/11) 10.0% (1/10) 0.72
Nephrosclerosis 9.0% (1/11) 0.0% (0/10) 0.55
Reflux nephropathy 0.0% (0/11) 10.0% (1/10) 0.61
Others 0.0% (0/11) 10.0% (1/10) 0.59
Medication
Statins 100.0% (11/11) 100.0% (10/10) 0.53
Calcium channel blockers 36.3% (4/11) 50.0% (5/10) 0.23
Oral antidiabetic drugs 18.1% (2/11) 30.0% (3/10) 0.51
Angiotensin Il receptor blockers/angiotensin converting 54.5% (6/11) 50.0% (5/10) 0.66
enzyme blockers
Slow and/or intermediate acting insulin 81.9% (9/11) 70.0% (7/10) 0.47
Immunosuppression therapy (corticosteroid, tacrolimus, 100.0% (11/11) 100.0% (10/10) 0.74
mycophenolate mofetil)
Adherence to medication 90.9% (10/11) 100.0% (10/10) 0.82
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Hematocrit (%) 421+4.6 39.8+45 0.63
Hemoglobin (g/dL) 141+1.0 13116 0.16
Na* (mg/dL) 139.8 +2.5 1403 +4.3 0.90
K" (mg/dL) 41+03 43+05 0.15
Ca?" (mg/dL) 101405 9.7+0.9 0.94
P (mg/dL) 29+0.5 34+04 0.09
Mg" (mg/dL) 1.6+0.1 1.6+03 0.50
Fe' (mg/dL) 89.8+23.2 87.9+16.6 0.54
Urea (mg/dL) 422+87 48.1+16.7 0.90
Creatinine (mg/dL) 1102 1.2+05 0.16
Alkaline phosphatase (mg/dL) 7214272 62.5+10.4 0.17
Uric acid (mg/dL) 57+1.1 59+12 0.23
24-h urine albumin level (mg/dL) 106.4 £25.1 115.6 £20.9 0.25

Paired-sample t-test for continuous variables. Significant at the 0.05 level (P < 0.05). BMI: Body mass index; KTx: Kidney transplantation; eGFR: Estimated

glomerular filtration rate; ESKD: End-stage kidney disease; CKD-EPI: Chronic kidney disease epidemiology collaboration equation; Na: Sodium; P:

Potassium; Ca: Calcium; Mg: Magnesium; P: Phosphorus; Fe: Iron.

Table 2 Lipid and glucose profile at the beginning and the end of the 6-mo clinical trial

Exercise group Control group Exercise vs control group
Baseline After 6-mo P value Baseline After 6-mo P value Pre Post

FPG (mg/dL) 120.6 £28.9 1048+219  0.01 116.1 £33.2 115.4+339 038 0.47 <0.05

TC (mg/dL) 224.8 £30.4 2240£301 011 229.7+28.8 230.8+27.8  0.60 0.41 048

TG (mg/dL) 164.7 +14.8 1508 +11.6  <0.05 165.4 +19.0 1652+20.5  0.67 0.11 0.04

HDL (mg/dL)  51.4+88 572+8.7 <0.05 511%7.9 5131126 043 0.56 0.06

LDL (mg/dL) 119.6 £11.4 1194+109 027 119.4 +17.0 1195+164 033 0.78 0.45

HbAlc (%) 6.7+0.4 6.6%0.4 0.01 6.5+1.0 65+1.1 0.25 0.20 0.36

Data are expressed as mean + SD. P > 0.05: Baseline vs 6 mo follow-up; P > 0.05 and P < 0.05: Exercise vs control group. FPG: Fasting plasma glucose; TC:

Total cholesterol; TG: Triglycerides; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; HbAlc: Hemoglobin Alc.

Jaishideng®

positive correlation between improved graft function and muscle strength in the intervention group.
The results of our study showed that a 6-mo mixed type exercise program led to a significant decrease
in TG, FPG and HbAlc and an increase in HDL, without affecting the TC and LDL levels.

Interestingly, a 6-mo combined exercise program in our diabetic KT recipients led to a significantly
improved lipid and glucose profile, while their functional capacity was enhanced, too. These results are
very important, as cardiovascular mortality in KT patients is almost 10 times higher than in the general
population[18], and the T2D prevalence according to global estimates will increase by 3.0%-6.0% at the
end of 2025, with approximately 3 million T2D patients[19]. According to our results, combined exercise
training in diabetic patients seems to be the most dominant choice.

De Feyter et al[20] showed that after a 5-mo progressive resistance training with high-intensity
interval training, T2D patients under regular diabetes medication, had lower FPG and HbAlc levels,
while HDL, LDL and TG did not statistically improve. Furthermore, Yavari et al[21] in a 52-wk aerobic,
resistance or combined training program in 80 T2D patients found that aerobic or combined exercise
statistically reduced TG, but the long-term combined exercise was associated with higher reductions
both in HbA1lc and TG levels compared to the aerobic or resistance training groups. Similarly, Cauza et
al[22] compared the effects of short-term (4 mo) and long-term (8 mo) strength and endurance training
on glucose and lipid control in 20 T2D patients. Results showed that HbAlc, TC, LDL and TG were
statistically decreased in the group of the 8-mo combined training program, while the group in the 4-mo
exercise program developed after the end of the exercise training an atherogenic lipid profile and did
not improve glycemic control compared to those who continued exercising.

WIT | https://www.wjgnet.com 190 July 18,2022 | Volume12 | Issue7 |



Michou V et al. Exercise on diabetic KT recipients

Table 3 Functional capacity and respiratory responses at the beginning and the end of the 6-mo clinical trial

Exercise vs control

Exercise group Control group e

Baseline After 6-mo P value Baseline After 6-mo P value Pre Post
(VO))peak 227433 23.8+42 0.02 21.9+41 21.8+32 0.34 0.43 0.01
(mL/kg/min)
RER_ . 1.1+0.0 12+01 0.53 1.1£0.0 11402 0.75 0.73 0.48
VO,/HR, . 126433 13.0+3.0 0.23 12.7+29 128+2.6 0.69 0.63 051
VE/ (VO 37.2+5.0 363422 0.54 37.4+48 37.3+45 0.56 0.54 0.62
VE/V(CO,) an 33.0+4.4 324443 0.60 32.9+4.1 332438 0.33 0.38 0.43

Data are expressed as mean + SD. P > 0.05: Baseline vs 6 mo follow-up; P > 0.05 and P < 0.05: Exercise vs control group. HR: Heart rate; RER: Respiratory

exchange ratio; VO,/HR .. Ratio between VO, and maximum heart rate; VE: Pulmonary ventilation; VE/(VO,),...: Ventilatory equivalents for oxygen;

VE/V(COy),a Ventilatory equivalents for carbon dioxide; (VO,) ., : Maximum oxygen consumption.

35.007

30.00

25.00

20.00

Partial regression plot (VO2)peak (mL/kg/min)

o Observed
—Linear

1>.00 6.00

6.25 6.50 6.75 7.00
HbA1c (%)
DOI: 10.5500/wjt.v12.i7.184 Copyright ©The Author(s) 2022.

Figure 2 Linear regression analysis between the peak oxygen uptake and glycated hemoglobin (%) after 6 mo in exercise group (r =
0.408, P = 0.03). HbA1c: Hemoglobin A1c; (VO,),..: Maximum oxygen consumption.
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Our study revealed statistical differences between groups after a 6-mo combined exercise program in
FPG and TG levels under stable diabetic medication for both groups, similarly to the above-mentioned
studies. Maintenance of diabetic medication therapy is important to understand glycemic control and
lipid profile relationship and to exact results towards effects of exercise on dyslipidemia without the
impact of drugs[23].

According to a recent systematic review[24], structured exercise programs for KT patients have
shown short-term improvements in aerobic capacity and muscular strength, while De Smet and Van
Craenenbroeck[1] mentioned that exercise towards long-term effects is only slightly investigated.
Improving functional capacity is very important for KT patients, with or without diabetes. According to
Calella et al[24], exercise training improves the cardiovascular fitness of KT patients. However, (VO,),..
improvements were observed only after aerobic exercise training. In a recent randomized controlled
trial, O’Connor et al[14] showed that (VO,),... values have notably increased after a 12-wk non-
supervised moderate-intensity aerobic exercise program and that after a 9-mo follow up there were
statistically significant differences in the (VO,),.,, values between the exercise and control groups.

On the contrary, Riess et al[25] showed that a supervised endurance and strength exercise program
did not improve the cardiovascular disease score, although it improved the aerobic capacity and muscle
strength of the KT recipients, who were taking statins and immunosuppression medication. Moreover,
in a previous study of ours a 15.8% increase in (VO,),.,, after a 6-mo aerobic exercise training on KT
patients was also noted[26]. At the end of the study, we found a statistically significant increase of 4.7%
in (VO,) e of the exercise group and a significant intergroup difference in (VO,) .-

This study has some limitations that need to be taken into consideration. Firstly, the sample size was
small, which may decrease the power of our findings. However, this study included a 6-mo

https:/ /www.wjgnet.com 191 July 18,2022 | Volume12 | Issue7 |
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intervention, which is a considerably long period for patients. Secondly, the biochemical tests were
performed only at baseline and after 6 mo. Unfortunately, there was neither an assessment in the middle
of the study nor a follow-up. Thus, larger randomized controlled trials should be implemented in the
specific population to confirm the favorable effects of exercise on their metabolic profile.

CONCLUSION

In conclusion, long-term aerobic and strengthening exercise training in diabetic KT patients was found
to have many beneficial effects on patients” metabolic profiles and functional capacities. The results of
the present study demonstrated that a long-term exercise training program is feasible and effective in
diabetic KT recipients. It is a major challenge to change their daily routine into active living to sustain
their physical fitness and the benefits achieved by systemic exercise training,.

ARTICLE HIGHLIGHTS

Research background

According to the existing literature, kidney transplant (KT) recipients with diabetes mellitus seem to
have low physical activity levels, while dyslipidemia and abnormal glucose profile are common
cardiovascular risk factors.

Research motivation
As little is known about the effects of systematic exercise on the metabolic profile and cardiovascular
risk of KT patients, we believe that this study will positively contribute to the literature gap.

Research objectives
This study aimed to investigate the effects of a mixed type 6-mo exercise program on functional
capacity, glucose and lipid profile of KT patients with diabetes mellitus.

Research methods

KT patients were randomly divided into two groups. Both exercise and control groups underwent
biochemical blood analysis, in order to determine lipid and glucose levels, at baseline and at the end of
the study. Cardiopulmonary exercise testing was also done to assess functional capacity.

Research results
At the end of the 6-mo study, fasting plasma glucose, glycated hemoglobin, triglycerides, high-density
lipoprotein and the peak oxygen uptake [(VO,),..] were statistically improved in the exercise group,

while a positive linear relationship between peak oxygen uptake and glycated hemoglobin was also
found (r = 0.408, P = 0.03).

Research conclusions
According to the results, a 6-mo home-based mixed type exercise training program can significantly
improve the metabolic profile and functional capacity of diabetic KT recipients.

Research perspectives
It is crucial for future larger randomized controlled trials to explore the side effects of exercise on the
metabolic profile and respiratory responses of diabetic KT recipients.
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Abstract

BACKGROUND

Enhanced recovery after surgery (ERAS) started a revolution that changed age-old
surgical stereotypical practices regarding the overall management of the surgical
patient. In the last decade, ERAS has gained significant acceptance in the
community of general surgery, in addition to several other surgical specialties, as
the evidence of its advantages continues to grow. One of the last remaining fields,
given its significant complexity and intricate nature, is liver transplantation (LT).

AIM
To investigate the existing efforts at implementing ERAS in LT.

METHODS
We conducted a systematic review of the existing studies that evaluate ERAS in
orthotopic LT, with a multimodal approach and focusing on measurable clinical
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primary endpoints, namely length of hospital stay.

RESULTS
All studies demonstrated a considerable decrease in length of hospital stay, with no readmission
or negative impact of the ERAS protocol applied to the postoperative course.

CONCLUSIONS

ERAS is a well-validated multimodal approach for almost all types of surgical procedures, and its
future in selected LT patients seems promising, as the preliminary results advocate for the safety
and efficacy of ERAS in the field of LT.

Key Words: Enhanced recovery; Enhanced recovery after surgery; Recovery; Liver transplantation; Liver

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Enhanced recovery after surgery (ERAS) is a multimodal perioperative care pathway designed to
achieve early recovery for patients undergoing major surgery. The benefits of ERAS in liver
transplantation seem promising, and further studies should be conducted to validate its application in
properly selected patients.
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INTRODUCTION

Enhanced recovery after surgery (ERAS) is a multimodal perioperative care pathway designed to
achieve early recovery for patients undergoing major surgery[1]. Since its introduction in 1997 by Kehlet
et al[2], initially destined for and subsequently established in colorectal surgery, the concept of ERAS
was validated and has since evolved and spread to a multitude of surgical disciplines[3] including solid
organ transplantation[4].

Although the concept of enhanced recovery was explored in liver transplantation (LT) before its
official introduction by Kehlet et al[2] as early as 1990 in the form of early extubation yielding
encouraging results[5], it was done so without the classic multimodal approach, focusing and
highlighting on the importance of anesthesia management in these patients[6]. Over the years,
independent studies have validated the significance and efficiency of other classic ERAS parameters
such as preoperative nutrition, early mobilization, early feeding, and optimal analgesia of patients
undergoing LT. Nevertheless, the medical literature is scarce in studies that combine all of the above
parameters in a classic large-scale ERAS approach specific for LT. This narrative review paper will
investigate existing efforts at implementing ERAS in LT, as well as try to identify the existing challenges
and future potential developments in the field.

This review paper investigates existing efforts at implementing ERAS in LT and identifies the existing
challenges and future potential developments in the field.

MATERIALS AND METHODS

Our goal was to identify the existing studies that evaluate ERAS in orthotopic LT, with a multimodal
approach and focusing on measurable clinical primary endpoints, namely length of hospital stay.
Medline, Embase, OVID, and the Cochrane library were searched in the English language using the
search terms (ERAS OR “enhanced recovery” OR “fast track” AND “liver transplantation”) from years
1990 to 2021 and after independent assessment from three reviewers, three articles were selected.
PRISMA flow chart is presented in Figure 1.
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Figure 1 PRISMA flowchart.
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RESULTS

There was a small number of studies identified, which were limited scale non-randomized single-center
observational studies, with the exception of the work of Rao et al[7], who presented a prospective single-
blinded randomized study including 128 patients divided in two groups: ERAS (n = 54) and control (1 =
74). The ERAS group was analyzed by logistic stepwise regression analysis and displayed a decreased
intensive care unit and hospital stay, without significant difference in the postoperative complication
rate between the two groups and no readmissions or postoperative mortality during the follow-up
period. Brustia et al[8] conducted a small-scale feasibility study with 10 patients treated prospectively
with an ERAS protocol who were compared with 20 matched patients treated by the same team in
previous years. They designed an elaborate 26-point ERAS protocol and observed a 47% reduction in
the total length of stay compared to the control arm. There were no readmissions or postoperative
mortality during the follow-up period.

Xu et al[9] reported a cohort of 93 patients, 40 in the ERAS group and 53 in the control group, and
found a significant reduction of postoperative hospital stay in favor of the ERAS group (14.5vs16 d; P <
0.001). No difference in postoperative complication rate between the two groups and no readmissions or
postoperative mortality were noted.

Common inclusion criteria used in the aforementioned studies are presented in Table 1. As expected,
patients” Model for End-Stage Liver Disease (MELD) scores were low in all four studies, as they reflect
patient status[10]. All studies included patients with a MELD score well below 25. Patients with no
previous history of LT were also selected for the ERAS group in all three studies. A considerable
number of patients for ERAS LT had a hepatocellular carcinoma (HCC)-related indication in all three
studies (Brustia 90%, Xu 42.5%, Rao 33.3%).

Given the lack of a standardized ERAS protocol, each team designed its own protocols, based on
previous experience from existing literature on other surgical fields. Table 2 depicts a comparison of the
preoperative, intraoperative and post-operative characteristics between the three studies. All of the
studies applied multimodal measures in the three distinct phases of classic ERAS protocols:
preoperative, intraoperative and postoperative phase. In Table 3, measures applied by all three authors
are depicted in capital letters. Of the 26 points proposed by Brustia et al[8], 11 (42.3%) were observed by
all three authors.

All three studies demonstrated a considerable decrease in length of hospital stay, with no
readmissions or negative impact of the ERAS protocol applied in the postoperative course (Table 2).
From the above-mentioned publications, we meta-analyzed the primary endpoint, postoperative
hospital stay. The variable was continuous, and the results were summarized using median and 25%-
75% values (because the data were skewed). The sample mean and standard deviations were calculated
using the formula of Wan et al[11]. The random-effects model was applied for the meta-analysis, as high
heterogeneity was expected among the studies with regard to study populations and diagnostic
procedures. The presence of between-study heterogeneity was quantitatively reflected with the ?index,
considering I of > 50%, indicative of statistically significant heterogeneity. R studio version 4.0.2
software was used to perform all of the statistical analyses, employing the packages “meta” and
“metaphor.” A comparison of total hospital stay showed a statistically significant difference in both
groups (n = 251; MD- 5.79; 95% confidence interval (CI), 10.89 to 0.69; I*= 89%; P < 0.01). Nevertheless,
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Table 1 Common inclusion criteria (with incorporation of exclusion criteria)

Inclusion criteria Brustia et al[8] Xu et al[9] Rao et al[7]
Meld score < 25 v 1 |

HCC N \ N

The first liver transplantation y v N

Age>18 ~ >16 >16

1Al patients included in the three studies had a MELD score < 25. HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease.
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great heterogeneity was observed between the samples (Figure 2). A similar meta-analysis of the MELD
score showed that there was no statistically significant difference in both groups (n = 251, MD -0.25,
95%ClI, -1.36 to 0.85; I?0%; P = 0.62) (Figure 3). As aforementioned, all patients were low MELD patients
with a mean MELD well below 20.

DISCUSSION

The scarcity of strong evidence in the widespread application of ERAS programs in LT may reflect the
reluctance of teams to implicate such protocols in a cohort of patients that are generally perceived as a
frail, high-risk group, undergoing a major surgical procedure of a life-threatening nature. The evolution
of LT on the other hand, is a successful story, evolving from an experimental and innovative procedure
to a more “standard” one over the last several decades, and especially when performed in high volume
centers with experienced multidisciplinary teams. Throughout the years, LT has proved its life saving
nature as an operation and the morbidity and mortality plummeted, offering patients excellent survival
and quality of life[12]. The major incentives in applying ERAS in LT came from the successful
application of Enhanced Recovery Programs in Liver Surgery[13] and the subsequent publication of
suggested guidelines for ERAS in Liver Surgery[14]. Although ERAS with its multimodal approach
pattern did not appear in the literature until recently, the concept of multimodal clinical pathways in LT
was raised as early as 2011 by Pavlakis ef al of the Beth Israel Deaconess Medical Center team[15],
characterizing the transplantation domain as an “ideal forum for successful implementation of clinical
pathways” and highlighting their importance and potential in reducing length of stay, morbidity, costs,
as well as improving patient satisfaction. Pifiero et al[16] introduced in 2015 the concept of the early
discharge from hospital following LT focusing on healthcare costs and proposed an early discharge
prediction model based on MELD points (exception MELD points were deemed a favorable prognostic
factor), length of surgery (time < 4 h), transfusion of less than 5 units of packed red blood cells, and
early respirator weaning. The author concluded that early discharge from the hospital following LT is
feasible, without a negative impact on patient or graft survival, nor did it increase short-term rehospital-
ization. A recent publication of Brustia et al[18] in Paris reinforced the basis for further developing ERAS
in LT. Although it is a small-scale single-center observational study, the authors reported a 47%
reduction of length of hospital stay with no safety issues in a small but well-designed protocol. This
conclusion was corroborated by all three publications mentioned above, demonstrating that ERAS in LT
could be possible in a larger scale and should be further studied. Rodriguez-Laiz et al[17] presented a
cohort of 236 patients who were treated with a comprehensive multistep ERAS protocol that is the
product of lessons and experiences emanating from liver surgery and other disciplines aiming to
evaluate its value as a proof-of-concept. In this study, the authors identified 133 patients who were
discharged early and they retrospectively defined them as the ERAS group. However, their study, with
extremely short lengths of stay, was inherently flawed, as the authors pointed out, by a lack of a
traditional control group; for this reason, their article was not included in our final selection. In 2021
Brustia et al[18] drafted the “Guidelines for Perioperative Care for Liver Transplantation: Enhanced Recovery
After Surgery (ERAS) Society Recommendations,” after a systematic review by a wide international panel
of experts and the application of the Delphi method. The authors of the manuscript recognized the lack
of current strong evidence in ERAS in LT but laid a solid foundation and precious scaffold, which can
serve as the basis for large studies in the definitive validation of ERAS in LT.

ERAS is a well-validated multimodal approach for almost all types of surgical procedures, and its
future in selected LT patients seems promising, as the preliminary results advocate for the safety and
efficacy of ERAS in the field of LT. The majority of studies analyzing ERAS in LT use a cohort of low
MELD highly selected patients that might not represent the majority of patients that benefit from LT; an
issue that has to be addressed. The overall majority of patients in the three studies analyzed were low
MELD HCC patients, and this type of selection might harbor an inherent bias in evaluating ERAS in LT.
However it is a first step and understandably first steps must be careful. The encouraging results
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Preoperative Brustia et al[8] Xu et al[9] Rao et al[7]
ERAS group, n CONTROL group, ERAS group, n  CONTROL group, ERAS group, n CONTROL group,
=10 n=20 =40 n=53 =54 n=74
Gender
Male 8 17 35 46 40 58
Female 2 3 5 7 1 16
Age, yr 60.1 (52.5-66.1)  58.2 (52.6-65.3) 49.5 (40-56.8) 53 (47-59) 52.4+15.2 55.8 +14.3
Primary cause
Alcohol 7 (70%) 9 (45%) 7 B 6 (11.1) 10 (13.5)
Viral cirrhosis 7 (70%) 10 (50%) 11 16 30 (55.6) 40 (54.1)
HBV 2 (20%) 4 (20%) NA NA NA NA
HCV 6 (60%) 8 (40%) NA NA NA NA
Metabolic syndrome 2 (20%) 4 (20%) NA NA NA NA
Biliary disease 0 3 (15%) NA NA NA NA
HCC 9 (90%) 9 (45%) 17 24 18 (33.3) 24 (32.4)
MELD score 7 (6-10) 7 (6-9) 14 (9-22) 17 (14-19) 7.7+32 79 +4.6
Intraoperative
Operative time 6.0 (5.9-84) h 6.7 (5.7-82) h 443.7 + 853min  453.5 + 62.3min 265 (215-360) 325 (275-455) min
min
Anhepatic period NA NA 44.3 + 5.2 min 42.7 + 4.2 min 45 (35-70) min 60 (50-75) min
Blood loss NA NA 775 (525-1000) 800 (600-1000) mL 1100 (300-4200) 2900 (1600-7000) mL
mL mL
Hypothermia during the NA NA 0 12% 0 0
operation (1, %)
Postoperative
Early extubation (h) 2(0-2) 7.5 (4.5-13.0) 0 6 (5.5-8) NA NA
ICU stay (d) 3 (2-4) 4.5 (3.0-8.3) 2(2-3) 4 (4-5) 2(1-7) 5 (3-15)
Complications (1, %) 5 (50%) 16 (80%) 9 (22.5%) 26 (49.1%) 10 (18.5%) 20 (27%)
Pain score after operation 3 (1.0-4.0)POD 4.5 (2.7-6.) POD 2.45+0.54 3.02+0.44 NA NA
Postoperative hospital stay 9.5 (9.0-10.5) 18 (14.3-24.3) 14.5 (12-17) 16 (15-18) 18 (15-32) 28 (23-35)
(CY
Readmission within 30 d NA NA 0 0 0 0

after discharge

Categorical variables are reported using percentages; continuous variables are summarized using median and 25%-75% percentiles. ERAS: Enhanced

recovery after Surgery; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; ICU: Intensive care unit; MELD: Model for end-

stage liver disease.
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presented, along with the observed benefit of a well-designed ERAS protocol in these patients mandates
further exploration and expansion of inclusion criteria in these types of protocols. After all, an earlier
discharge might be the result of a better overall patient management in all aspects of their journey
through the hospital and not necessarily the primary endpoint.

One of the key factors in implementing ERAS protocols is the understanding of the philosophy
behind ERAS by both patients and caregivers and although this might seem simple or a given, studies
indicate that this might not be the case[19,20]. As ERAS is new to the field of LT, similar issues are
expected to occur. In the first years of the implementation of ERAS in colorectal surgery, many issues
arose concerning patient and physician capability of correctly implementing and accepting what proved
to be a validated protocol for better patient recovery[21,22] including the complexity of these
multimodal pathways[23], the need for teamwork along with the difficulty of eradicating old surgical
stereotypes of traditional care. Agrafiotis ef al[24], along with the first author of the present review, have
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Table 3 Experimental "fast trans" protocol items

Preoperative Brustia et al[8] Xu et al[9] Rao et al[7]
1 Outpatient counseling and information \/ \/ \
2 Preoperative carbohydrate loading \/ v \/
3 Absence of preanesthetic medication (anxiolytic) v

Intraoperative

4 Antimicrobial prophylaxis and skin preparation v

5 Prevention of intraoperative hypothermia v V

6 Incision v

7 Adapted IV filling l Xl v
8 Temporary portocaval anastomosis V

9 No prophylactic nasogastric intubation y \/
10 No prophylactic abdominal drainage v v
11 Prevention of postoperative nausea and vomiting \/

12 Antithrombotic prophylaxis and/oranti-aggregation V \/

13 Early extubation (< 6 h after the endof 1t) v Xl v
Postoperative

14 Early mobilization (POD1) v l v
15 Patient-controlled analgesia v V

16 Gastric probe removal POD1 v )

17 Clear liquid per OS POD1 v v V
18 Enteral feeding per OS POD1 y Xl \/
19 Stop IV fluids POD1 \ y

20 Per OS analgesia (POD2) \/ V

21 Abdominal drain removal POD2 v

22 Urinary probe removal POD2 v Xl V
23 Stop IV analgesia POD3 V V

24 Independent mobilization POD3 v v \/
25 Daily revision of discharge criteria l | v
26 Audit v v v

ICU: Intensive care unit; IV: Intravenous; LT: Liver transplantation; POD: Post-operative day; PONV: Post-operative nausea and vomiting.

explored in 2013 the efficacy of a “soft” non-strict fast-track protocol in a cohort of 92 patients
undergoing colorectal surgery. The conclusion was that even without a strict ERAS protocol, enhanced
recovery and accelerated safe patient discharge are possible, pointing out among others[25] that “length
of stay should not be an aim in itself within an enhanced recovery protocol. The main object of these programs
ought to be the enhancement of patient recovery and not earlier discharge.” This statement is endorsed by our
team, in the Transplantation Department of a public Medical School part of a public healthcare system
with significant challenges, who tried to evaluate the implementation of a non-strict ERAS protocol in
selected LT patients in a small cohort of patients trying to replicate the results of Brustia et al[8]. In a
small feasibility and safety study, we observed a 56% decrease in hospital stay in the ERAS group
without any safety issues (unpublished data). These encouraging results might indicate that ERAS,
when implemented in the right way, can be beneficial to patients even in small volume transplant
centers and their implementation should be encouraged. We also noted the lack of estimation of the
importance of every point in the proposed ERAS protocols towards the final endpoint, which hinders
the simplification of these protocols, as we do not currently know which one of the steps - if any - could
be omitted without a significant compromise in the outcome.
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Experimental Control
Study Total Mean SD Total Mean $D Mean Difference MD 95%-Cl Weight
Brustia et al. 10 966 129 20 1886 7.07 —*— -9.20 [-12.78;-562) 32.1%
Xuetal. 40 1450 3.84 53 16.33 2.28 | -1.83 [-3.17;-049) 37.1%
Raoetal. 54 21.66 12.94 74 2886 9.07 —— -7.00 [-11.02;-2.98) 30.8%
Random effects model 104 147 —_— -5.79 [-10.89; -0.69] 100.0%

Helerogeneity: 1% = 89%, * = 17.78, p <0.01

10 6 0 5 10
DOI: 10.5500/wijt.v12.i7.195 Copyright ©The Author(s) 2022.

Figure 2 Forest plot of postoperative hospital stay in days.

Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Brustia et al. 10 766344 20 7.33 239 — 033 [-2.052.71] 21.6%
Xuetal 40 1500 9.99 53 16.66 381 ———+——— -1.66 [-492;1.60] 11.5%
Rao et al. 54 770320 74 7.90 4860 —— -0.20 [-1.55;1.15] 66.9%
Random effects model 104 147 <$> -0.25 [-1.36; 0.85] 100.0%

Heterageneity: I = 0%, v = 0, p = 0.62

T I |
4 -2 0 2 4
DOI: 10.5500/wijt.v12.i7.195 Copyright ©The Author(s) 2022.

Figure 3 Forest plot of model for end-stage liver disease scores.

JBaishideng®

Henric Kehlet pointed out the delay of the development of ERAS: “there is an urgent need for better
implementation of the current established scientific evidence for ERAS practices in order to fill the still very
present gap between knowing and doing” and has been advocating for many years the concept of “stress
free, pain free” operations[26], which might seem an impossible task for operations of the magnitude of
a LT. However, as the term “fast-track” was gradually replaced by the more correct term “enhanced
recovery,” the concept of “first better, then faster” had to be reappraised[27,28].

CONCLUSION

Enhanced recovery means better recovery and its value should be further exploited for liver transplant
patients. After all, ERAS is not about the type of operation; ERAS is about the patient.

ARTICLE HIGHLIGHTS

Research background
Enhanced recovery after surgery (ERAS) is a multimodal perioperative care pathway designed to
achieve early recovery for patients undergoing major surgery.

Research motivation

In the last decade, ERAS has gained significant acceptance in the community of general surgery, in
addition to several other surgical specialties, as the evidence of its advantages continues to grow.
Orthotopic Liver Transplantation (LT) remains one of the last frontiers in the application of ERAS.

Research objectives
To evaluate existing data on the use of ERAS in orthotopic LT.

Research methods

We conducted a systematic review of the existing studies that evaluate ERAS in orthotopic LT with a
multimodal approach and focusing on measurable clinical primary endpoints, namely length of hospital
stay.
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Research results
All studies demonstrated a considerable decrease in length of hospital stay, with no readmissions or
negative impact of the ERAS protocols in the postoperative period.

Research conclusions
Enhanced recovery can be safely applied in selected LT patients and its value should be further
exploited.

Research perspectives
The future widespread use of ERAS in selected LT patients seems promising.
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Abstract

BACKGROUND

Portal vein thrombosis (PVT) is a frequent complication occurring in 5% to 26% of
cirrhotic patients candidates for liver transplantation (LT). In cases of extensive
portal and or mesenteric vein thrombosis, complex vascular reconstruction of the
portal inflow may become necessary for a successful orthotopic LT (OLT).

CASE SUMMARY

A 54-year-old male with history of cirrhosis secondary to schistosomiasis
complicated with extensive portal and mesenteric vein thrombosis and severe
portal hypertension who underwent OLT with portal vein-left gastric vein
anastomosis.

CONCLUSION

We review the various types of PVT, the portal venous inflow reconstruction
techniques.

Key Words: Portal vein thrombosis; Portal inflow reconstruction; Orthotopic liver
transplantation; Splanchnic varices; Left gastric varix; Case report
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Core Tip: The portal vein-variceal anastomosis is a challenging physiological non-anatomical technique of
portal vein inflow reconstruction used and described rarely. Herein we review the various types of portal
vein thrombosis, the portal venous inflow reconstruction techniques and describe an extraordinary case of
portal vein-left gastric vein anastomosis for the portal inflow reconstruction during orthotopic liver
transplantation.
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INTRODUCTION

Portal vein thrombosis (PVT) is a frequent and serious complication in patients with cirrhosis, with a
prevalence ranging from 5% to 26%[1-4]. Patients with PV and/or mesenteric vein thrombosis while
awaiting liver transplantation (LT) pose a significant surgical challenge for the reconstruction of the
liver portal inflow, an essential step for successful orthotopic LT (OLT)[5-6]. While an end-to-end donor
to recipient portal vein anastomosis is fashioned in the majority of liver transplant recipients, approx-
imately 2% of recipients will require a complex vascular reconstruction due to inadequate recipient
portal vein inflow([7,8].

The portal vein-variceal anastomosis is a challenging physiological non-anatomical technique of
portal vein inflow reconstruction used and described rarely. Herein we review the various types of PVT,
the portal venous inflow reconstruction techniques and describe an extraordinary case of portal vein-left
gastric vein (LGV) anastomosis for the portal inflow reconstruction during OLT.

CASE PRESENTATION

Chief complaints

A 54-year-old male of Ethiopian origin who presented back in 1993 with variceal bleeding leading to a
subsequent diagnosis of non-cirrhotic portal hypertension with splenomegaly and PVT with cavernous
transformation.

History of present illness

The presence of granulomas and periportal fibrosis with preserved hepatic architecture on liver biopsy,
together with positive serologic tests for antischistosomal antibodies and the patient origin suggested
the diagnosis of hepatosplenic schistosomiasis. Further work up revealed protein C deficiency. Whether
the patient received anthelmintic therapy upon diagnosis is unclear, however, prior to transplant no
specific prophylactic treatment was administered as there was no evidence of active hepatic or systemic
disease.

History of past illness
The patient in 1993 with variceal bleeding leading to a subsequent diagnosis of non-cirrhotic portal
hypertension with splenomegaly and PVT with cavernous transformation.

Personal and family history
The patient has none personal and family history.

Physical examination

Medical management of portal hypertension complications included diuretics, beta-blockers and
periodic upper endoscopy with sclerotherapy and esophageal varices ligation. The patient eventually
presented with severe decompensation and model for end-stage liver disease score of 25 necessitating
LT.

Laboratory examinations

His physical examination revealed signs of cachexia, jaundice, abdominal distention, umbilical hernia,
caput medusa and impression of moderate to large volume ascites. Laboratory results showed total
white blood cell count of 2.67 x 10°/L, hemoglobin levels of 8 g/dL, platelet count of 33 x 10°/L, interna-
tional normalized ratio 2.43, total bilirubin of 7.5 mg/dL (and direct bilirubin of 3.6 mg/dL), serum
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sodium 140 mEq/L, serum creatinine 1.1 mg/dL and albumin levels of 2.5 gr/dL.

Imaging examinations

Preoperative esophagogastroduodenoscopy showed grade III esophageal varices and portal
hypertensive gastropathy. Imaging revealed liver cirrhosis, extensive portal and mesenteric vein
thrombosis with cavernous transformation, splenomegaly, with the spleen measuring 20 cm in
diameter, and splanchnic varices comprising a large left gastric varix (Figure 1).

FINAL DIAGNOSIS

Over the years the patient gradually developed compensated liver fibrosis and cirrhosis as seen on
various imaging modalities and worsening liver synthetic function.

TREATMENT

The patient underwent OLT on April 2021 with piggyback venous outflow reconstruction and a portal
vein-left gastric varix anastomosis for portal inflow. During the procedure the LGV was carefully
dissected cephalad at the level of the mid lesser curvature of the stomach. Adequate venous flow was
confirmed prior to creation of end-to-side porto-LGV anastomosis performed using polypropylene 5-0
suture (Figure 2A). Postoperative Doppler sonography documented patent anastomosis with adequate
flow (Figure 2B), a finding which was confirmed by a contrast abdominal computed tomography
performed on postoperative day 16 (Figure 2C).

OUTCOME AND FOLLOW-UP

The patient had a relatively benign postoperative course characterized by mild to moderate ascites, as
anticipated, controlled initially with drainage and medical treatment and eventually resolved prior to
discharge. Ten months post-operatively the patient is doing well with excellent liver function.

DISCUSSION

Schistosomiasis (bilharzia) is a chronic parasitic entero-pathogenic disease caused by a genus of
trematodes commonly known as blood flukes[1]. Hepatic schistosomiasis represents the best known
form of chronic disease and represents the most important cause of non-cirrhotic portal hypertension in
Latin America, Africa, and Asia[2]. The pathogenesis of schistosomiasis is related to the host cellular
immune response. This leads to granuloma formation and neo-angiogenesis with subsequent
irreversible periportal fibrosis and, consequently, severe portal hypertension manifesting with spleno-
megaly and esophageal varices[3,4]. Traditionally the diagnosis of Schistosoma infection is based upon
demonstration of parasite eggs in patient secretions or tissues. However, in the case of liver disease,
detection of ova often fails and the diagnosis is established using serologic tests along with DNA
amplification techniques and characteristic liver biopsy findings[5-7]. Praziquantel is the drug of choice
to treat laboratory-proven Schistosoma infection[8]. The effect of antischistosomal treatment on disease
manifestations varies by stage. Early liver involvement is known to resolve after anthelmintic therapy,
but late manifestations, such as fibrosis, do not change and treatment is focused on tempering portal
hypertension manifestations[9]. LT represents a curative option for patients who develop severe hepatic
fibrosis and portal hypertension secondary to hepatic schistosomiasis[10], and no specific treatment is
indicated for the recipients[11].

PVT is a frequent and serious complication in patients with cirrhosis, with a prevalence ranging from
5% to 26%[12-17]. Patients with cirrhosis presenting with or developing PV and/or superior mesenteric
vein (SMV) thrombosis while awaiting LT pose a significant surgical challenge for the reconstruction of
the liver portal inflow, an essential step for successful OLT[18,19]. Although PVT has long been
considered an absolute contraindication to OLT, it is currently regarded as a relative contraindication,
depending on the patient clinical status, type of PVT and collateral venous flow, and the surgeon’s
experience[20,21]. While an end-to-end donor to recipient portal vein anastomosis is fashioned in the
majority of liver transplant recipients, approximately 2% of recipients will require a complex vascular
reconstruction due to inadequate recipient portal vein inflow[22,23].

The type of PVT is classified according to the nature of the occlusion (complete vs partial) and the
extension in the portal vein, the venous confluence and its contributories - the SMV and the splenic vein
(SV). Various classification systems of PVT have been proposed with the Yerdel classification being
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Figure 1 Preoperative abdominal computed tomography. A: Extensive portal vein thrombosis; B: Superior mesenteric vein thrombosis.

DOI: 10.5500/wijt.v12.i7.204 Copyright ©The Author(s) 2022.

Figure 2 Treatment imaging. A: End-to-side portal vein-left gastric vein anastomosis upon completion; B: Postoperative Doppler sonography documenting
patent anastomosis with adequate flow; C: Abdominal computed tomography showing patent portal vein-left gastric vein anastomosis.

widely used because it correlates thrombus extent and surgical management[24-28]. Yerdel’s classi-
fication defines grade I as partial PVT (< 50% of the lumen) with or without minimal extension into the
SMV, grade II as partial PVT (> 50% of the lumen), grade III - complete thrombosis of both PV and
proximal SMV and grade IV with complete PV and both proximal and distal SMV.

For the reconstruction of the liver portal inflow in the presence of PV-SMV thrombosis there are 3
main strategies: Anatomical (and physiological), physiological (non-anatomical) and non-physiological
[19,29]. For Yerdel grades I to III, an anatomical reconstruction may be achieved; operative techniques
include thrombectomy, whether the thrombus is removed en-bloc with the liver or through an intraop-
erative PV/SMV thrombectomy, followed by direct porto-portal anastomosis or indirect using an
interposition venous graft.

For more complex cases of complete occlusion or proximal extension of the thrombus, such as in
Yerdel’s grade IV and some grade III cases, alternative approaches should be used to redirect the portal
venous flow into the graft[29,30]. Some of those extraordinary cases of extensive thrombosis may be
considered as a contraindication to transplant. However, when evaluated by highly experienced
transplant centers, a complex vascular reconstruction may be attempted or else, a multivisceral
transplant may be considered. That is, for Yerdel’s grade IV and some grade III cases, a physiological
(non-anatomical) or non-physiological (inflow achieved by reno-portal anastomosis, cavo-portal hemi-
transposition or portal vein arterialization), approach may be used.

The portal vein-variceal anastomosis is a challenging physiological non-anatomical technique of
portal vein inflow reconstruction used and described rarely. In those procedures, enlarged splanchnic
varices[31-34], LGV[35-38], or pericholedochal varix[39,40] is used. Use of a splanchnic varix such as a
dilated LGV necessitates a meticulous and very careful dissection in a hostile surrounding of other
dilated fragile varices. Furthermore, length of the donor’s liver portal vein should be sufficient or else an
interposition venous graft may be used for the anastomosis. From the functional standpoint, adequate
portal flow should be assessed, using direct (needle- transducer) or indirect (ultrasound Doppler)
method. In the occurrence of slow venous flow, proximal ligation of the varix may be considered in
order to divert splanchnic venous drainage towards the neo-liver and to avoid the siphon effect of the
peri-gastric varices and SV. In cases of extensive SMV thrombosis there is also a concern for inadequate
venous intestinal drainage, despite a successful and functional anastomosis, and a as result refractory
ascites.
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Although challenging, good outcomes are possible in patients with extensive PV/SMV thrombosis
undergoing LT. Meticulous patient selection, preoperative imaging planning and highly experienced
surgical team are crucial for a successful transplantation and reconstruction of the portal inflow in those
complex clinical scenarios. This case shows the feasibility of this unusual approach, using a dilated left
gastric varix for the reconstruction of the liver portal inflow, giving a patient in an extreme condition
access to life-saving LT.

CONCLUSION

Although challenging, good outcomes are possible in patients with extensive PV/SMV thrombosis
undergoing LT. Meticulous patient selection, preoperative imaging planning and highly experienced
surgical team are crucial for a successful transplantation and reconstruction of the portal inflow in those
complex clinical scenarios. This case shows the feasibility of this unusual approach, using a dilated left
gastric varix for the reconstruction of the liver portal inflow, giving a patient in an extreme condition
access to life-saving LT.
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