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A B S T R A C T

Cardiovascular events are the most important cause of morbidity and mortality after liver transplant (LT),
since many recipients are older with cardiovascular risk factors and pathophysiology particular to end stage
liver disease. Moreover, the LT procedure is associated with a unique cardiac risk. Detection of cardiovascular
disease and stratification of risk have, therefore, an important impact on the prognosis of these patients.
© 2023 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-
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Abbreviations
LT
 Liver transplant

ESLD
 End-stage liver disease

MAFLD
 metabolic-associated fatty liver disease

ACC
 American College of Cardiology

AHA
 American Heart Association

ECG
 Electrocardiogram

LVEF
 Left ventricular ejection fraction

CAD
 coronary artery disease

CTCA
 computed tomography coronary angiography

CACS
 Coronary Artery Calcium Score

CA
 coronary angiography

CABG
 coronary artery bypass graft

PCI
 percutaneous coronary intervention

CCM
 cirrhotic cardiomyopathy

NO
 nitric oxide

LVEF
 left ventricular ejection fraction

LVGLS
 left ventricular global longitudinal strain

TR
 Tricuspid regurgitation

LAVI
 left auricular volume indexed

CMR
 cardiac magnetic resonance
SAVR
 surgical aortic valve replacement

TAVI
 transcatheter aortic valve implantation

MELD
 model for end-stage liver disease

PASP
 pulmonary arterial systolic pressure

PoPH
 portopulmonary hypertension

mPAP
 mean pulmonary arterial pressure

HPS
 hepatopulmonary syndrome
1. Introduction

Liver transplants (LT) are on the rise, and candidates are older,
more complex, with more cardiovascular risk factors. End-stage liver
disease (ESLD) is increasingly due to metabolic-associated fatty liver
disease (MAFLD), which is associated with a higher incidence of car-
diac events, both before and after LT. In fact, cardiac events have
become the leading cause of morbidity and mortality after LT,
accounting for over 40% of deaths in the first 30 days after transplant
[1].

The cardiovascular evaluation is usually implemented in different
centers according to the decisions of a multidisciplinary team. To cre-
ate some common recommendations and disseminate best practices,
in 2012 the American College of Cardiology (ACC) and the American
Heart Association (AHA) developed specific guidelines on cardiac dis-
ease evaluation and management for kidney and LT candidates [2].

LT is a high-risk procedure where an adequate pre-operative eval-
uation can reduce the risk of the surgery. Cardiac studies might not
all be feasible in the case of critical liver failure, and adaptation to
each patient’s unique clinical situation is needed.
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We present a review of the cardiovascular evaluation of the liver
transplant candidate based on the recent evidence.

2. Screening and main objective

Tests used for cardiovascular screening can be misleading. All are
associated with false-positive and false-negative results. Screening in
asymptomatic patients should be used wisely. In LT, cardiac evalua-
tion can help to guide candidacy and to allocate organs to recipients
who are more likely to survive. This does not mean that high cardio-
vascular risk patients are not candidates for transplantation. Severe
cardiovascular disease can sufficiently shorten life expectancy to pre-
clude transplantation, but studies have shown that survival is gener-
ally improved by transplantation even among high-risk patients. In
each center results in high- and low-risk cardiovascular patients
must be analysed to guide decisions based on objective data [2].

3. What cardiovascular syndromes should we look for?

The objective is to prevent cardiovascular morbidity/mortality
and the assessment should be based on determining CV risk factors
and establishing the presence of cardiovascular disease. All patients
should have a detailed history, physical examination, electrocardio-
gram, and transthoracic echocardiogram with infusion of agitated
saline contrast. Subsequently coronary artery disease (CAD), heart
failure, arrhythmias, severe valvular disease, pericardial involvement,
pulmonary hypertension, or relevant intrapulmonary shunts should
be ruled out. Depending on the results of this initial evaluation the
need for other advanced complementary tests should be assessed.
[2,3].

4. Cardiovascular system in end stage liver disease

Cardiovascular diseases are of capital importance both in the
peri‑transplant and post- transplant period. MAFLD continues to
grow as a cause of ESLD, and diabetes mellitus is present in 30% of LT
recipients; moreover, the increase in the proportion of older adults
(aged 65 years or older) on the transplantation waiting list is associ-
ated with parallel increases in their cardiovascular risk profiles. Also,
there are less-common genetic diseases (such as Wilson’s disease,
hereditary haemochromatosis, primary hyperoxaluria, familial amy-
loid polyneuropathy) that are associated with a risky cardiovascular
profile [1,2].

Patients with cirrhosis and portal hypertension usually develop a
hyperdynamic state, with an increase in cardiac output and a
decrease in vascular resistance because of splanchnic and peripheral
vasodilatation due to an increased production of vasodilators, such as
nitric oxide, and decreased vascular reactivity to vasoconstrictors [4].
In end-stage cirrhosis, there is a marked reduction in systemic vascu-
lar resistance that cannot be compensated by a further increase in
cardiac output, leading to low arterial pressure. To compensate this,
vasoconstrictor systems, such as renin- angiotensin, the sympathetic
nervous system and antidiuretic hormone, are activated. These com-
pensatory systems are the cause of sodium and water retention
responsible for ascites formation. The prolonged activation of these
systems eventually leads to severe renal vasoconstriction, with
reduced glomerular filtration and progressive renal insufficiency, a
condition termed hepatorenal syndrome [5,6].

Left ventricular ejection fraction (LVEF), an indirect parameter of
systolic function, is usually normal at rest in cirrhotic patients. How-
ever, with exercise there is evidence of attenuation of LVEF that is in
relation to a reduced myocardial reserve and impaired muscular oxy-
gen extraction. Diastolic dysfunction with impairment of passive and
active filling of the ventricle during diastole makes it impossible to
increase stroke volume when needed, leading to heart failure. Elec-
tromechanical dissociation (dispersion between electrical and
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mechanical systole), and alterations of potassium channels in cardiac
membranes can prolong QT, with increased risk of ventricular
arrhythmias and sudden cardiac death. Although these events are
rare, the significance in these patients is undefined. Deficit of chrono-
tropic response to physical and pharmacological stimuli is well
known in patients with cirrhosis [5].

5. Electrocardiography and transthoracic echocardiography

An electrocardiogram (ECG) and a transthoracic echocardiogram
should be realized in all LT candidates. Electrocardiograms can iden-
tify arrythmias, conduction problems, QT prolongation, cavity
enlargement, ventricular hypertrophy, or ischaemia. The echocardio-
gram is performed to assess cardiac chamber size, myocardial mass,
biventricular function, valvular disease, pericardial disease and to
estimate pulmonary artery pressure. Infusion of agitated saline con-
trast allows the identification of shunts [7].

6. Evaluation for ischemic heart disease and coronary artery
disease (CAD)

Concomitant CAD in patients with ESLD undergoing LT is associ-
ated with higher morbidity and mortality than in recipients without
CAD. The prevalence varies between 2% and 38% depending on the
etiology of ESLD and on the diagnostic methods used. Candidates for
LT usually have sedentary lives, and they may present without any
symptoms, making the prevalence of obstructive CAD significantly
higher in comparison with patients without liver disease; moreover,
the prevalence of CAD in ESLD due to MAFLD is higher than other
causes of ESLD [8].

The relevant traditional risk factors are age over 60 years, hyper-
tension, left ventricular hypertrophy, diabetes, smoking, dyslipidae-
mia, prior history of CAD, peripheral vascular disease and family
history of CAD. Non-traditional risk factors of CAD in LT candidates
should also be considered. These include familial amyloid polyneur-
opathy, hereditary hemochromatosis and MAFLD. Despite studies
reporting that the presence of one or more risk factors of CAD be
highly predictive of angiographically significant stenosis, there is a
lack of consensus among guidelines on the number of risk factors
needed to pursue non-invasive testing, as well as the role of func-
tional status in determining the need for screening for CAD. In gen-
eral, candidates should be perceived as high risk in the presence of a
prior history of CAD, diabetes mellitus or 2 or more risk factors of
CAD [8,9].

Some authors argue that there is no difference in asymptomatic
obstructive CAD between cirrhotic and non-hepatic patients, yet
those with cirrhosis usually have more extensive non-obstructive
CAD than healthy individuals [10]. Haemodynamic changes can cause
myocardial ischaemia in areas distal to non-critical stenosis. Liver
disease often increases the risk of coronary complications post-trans-
plant even without non- obstructive lesions [11]. Plaque rupture
occurs usually in non-critical coronary stenosis and the perioperative
period is characterized by vascular stress and a hypercoagulable state
that can favor thrombosis [12].

Debate still exists concerning which is the best way to detect sig-
nificant coronary disease, whether through non-invasive imaging
tests (computed tomography coronary angiography −CTCA-) or
stress tests (exercise or pharmacological echocardiography). Coro-
nary angiography remains the reference standard for the diagnosis
and quantification of CAD.

Methods of cardiovascular stress testing do not usually identify
patients with non-obstructive coronary plaques and are focused on
obstructive lesions that cause ischaemia. Many centres use pharma-
cological ischaemia detection with regadenoson, dipyridamole,
dobutamine or adenosine because most LT candidates cannot com-
plete an exercise test. Less than 10% of these tests are positive and
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there is a poor correlation between the tests used, angiography and
postoperative complications occurring from CAD. [13]. Candidates for
LT have a particular limitation in target high heart rates because of
reduced chronotropy and reduced cardiorespiratory fitness; there-
fore, exercise and pharmacological stress testing, respectively, result
in low sensitivity (13- 22%) and low negative predictive values (75
−80%). The state of vasodilation present in cirrhotic patients results
in a limited response to pharmacological agents used in stress perfu-
sion studies [14−16]. Despite this, non-invasive testing with stress
echocardiography, typically dobutamine stress echocardiography
(DSE) is a class 1B recommendation of the American Society of Trans-
plantation for routine evaluation of CAD in all LT candidates [8].

CTCA is a growing alternative to study CAD in candidates to LT
with normal body habitus who are able to lie flat, can perform
required breath-holding manoeuvres, and have a regular non-tachy-
cardic rhythm. Renal failure, severe ascites, orthopnoea and hepatic
encephalopathy should be considered contraindications [2]. The Cor-
onary Artery Calcium Score (CACS) has a strong negative predictive
value for CAD, and some authors include this item in algorithms as a
risk factor. The utilization of CACS has demonstrated that 30% of LT
candidates have at least moderate (stenosis of 50% or greater) asymp-
tomatic CAD. A CACS higher than 400 Hounsfield Units is predictive
of significant CAD requiring revascularization as well as increased 1-
month post-LT cardiovascular complications [17]. The additional use
of contrast has a high accuracy to predict the absence of obstructive
CAD and can replace invasive coronary angiography (CA) that,
although infrequently, can have serious adverse complications. Due
to the poor predictive value of stress imaging and improvements in
the use of coronary CT, non-invasive coronary angiography with
CTCA can be the ideal test for screening of obstructive CAD in LT can-
didates, reserving CA as the gold standard in case of doubt [18]. In LT
candidates with coronary artery stenosis of 70% or greater on CTCA
or in cases of CACS over 400, CA is mandatory, to quantify the stenosis
and to define the need for interventional procedures [8]. A proposed
diagnostic algorithm is shown in the Fig. 1.

LT candidates have a high rate of myocardial injury and 30-day
mortality (50%) after transplantation if asymptomatic lesions are not
treated, so it is accepted that if there are obstructive lesions, they
should be revascularized [19]. The modality of revascularization rec-
ommended is the percutaneous coronary intervention (PCI) although
there is not much information in the literature. This is because coro-
nary artery bypass graft (CABG) surgery is associated with high mor-
bidity and mortality in patients with ESLD [20,21]. The most
reasonable modality of revascularization in acute coronary syn-
dromes is also PCI, taking into consideration that these patients have
increased bleeding risk from antiplatelet therapy [2].

More difficult is the decision to evaluate and treat CAD in patients
who need an urgent transplant because of an acute liver failure. The
decision in this scenario should be individualized based on the
patient condition and the probability to tolerate invasive procedures
in the presence of organ failures. We must keep in mind that coro-
nary revascularization can be planned electively post-transplant if
needed [22].

7. Evaluation for cardiomyopathy and heart failure

LT candidates can be asymptomatic and not present the typical
semiology of heart failure, because chronic vasodilation reduces car-
diac afterload so patients remain compensated at rest. Assessment of
both ventricular function and screening for cardiomyopathies using
transthoracic echocardiography should be performed in all LT candi-
dates. There is no evidence for repeated routine echocardiograms
after listing for transplantation if no pathology has been identified
[1]. Heart failure is common in patients evaluated for LT. They can
develop systolic and diastolic dysfunction. There is a specific condi-
tion recognized in those patients called cirrhotic cardiomyopathy
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(CCM). It is mediated by peripheral and splachnic vasodilation with
low systemic resistance and a hyperdynamic volume state, reduced
chronotropism and inotropism and changes in myocardial structure
[23].

Systemic inflammation is related to the pathogenesis of cirrhotic
cardiomyopathy. Because of increased intestinal permeability, bacte-
ria and pathogen-associated molecular patterns migrate to extra-
intestinal organs activating immune systems which produce cyto-
kines and vasodilators like nitric oxide (NO). Although NO is normally
cardioprotective, this NO has a cardiotoxic effect, and activates
cGMP-dependent protein kinases with negative ionotropic and apo-
ptotic effects.

Other molecules are carbon monoxide and endocannabinoids.
They influence excitation-contraction coupling and alter b-adrener-
gic receptor signaling, increasing the cardiodepressant effect on the
heart.

Diastolic dysfunction is related with activation of vasoconstrictor
(renin-angiotensin-aldosterone system, sympathetic nervous sys-
tem) and inflammation systems with activation of the TGF-b path-
way. TGF-b is known as a potent pro-apoptogenic and pro-fibrogenic
cytokine, leading to hypertrophy and fibrosis with decreased ventric-
ular compliance.

CCM was first described during the 2005 Montreal World Confer-
ence of Gastroenterology. Since then, diagnostic criteria have been
updated and the latest parameters were proposed in 2019. These
new criteria were created because the Montreal criteria were based
on load-dependent measures of diastolic function and overdiagnosed
diastolic dysfunction.

Treatment resembles the treatment of other causes of heart fail-
ure, although it has some particularities. Angiotensin-converting
enzyme inhibitors and angiotensin II receptor blockers are not rec-
ommended because they can reduce afterload in presence of hypo-
tension. Non-selective b-blockers used in the treatment of portal
hypertension and in the prevention of variceal bleeding shorten QT
interval and improve electro-mechanical dyssynchrony. Diuretics are
the main treatment to remove excess volume and aldosterone antag-
onists also inhibit myocardial fibrosis and activation of the sympa-
thetic nervous system. Ultimately, LT is the only treatment that can
restore cardiac function [24].

The diagnostic criteria are shown in Table 1 [25].
There is no established LVEF cut off to preclude LT, although a

LVEF of less than 40% is an absolute contraindication. Peri-operative
management can be challenging so we must identify and properly
treat these patients [23].

Iron overload is frequent in cirrhosis and can cause iron overload
cardiomyopathy, making these patients prone to heart failure and
arrhythmias. These patients have important left ventricular diastolic
dysfunction before systolic dysfunction. Advanced imaging sequenc-
ing of cardiac magnetic resonance (CMR) called T2* diagnoses the
myocardial iron overload. This sequence is not part of the standard
CMR protocol, and its acquisition should be specified when indicated
[26]. Dietary changes, phlebotomies and iron chelating therapy ought
to be considered in combination with heart failure therapy. Early
treatment is a key factor in preventing end-organ damage [27].

8. Evaluation for valvular heart disease

Mild to moderate valvular heart disease is well tolerated in the
perioperative period. Aortic stenosis is estimated in 2−7% of the pop-
ulation over 65 years [28]. Aortic stenosis is associated with haemo-
dynamic instability and reduced myocardial perfusion and precludes
LT [16]. There is high mortality in cardiac surgery in patients with cir-
rhosis and there are no guidelines to choose between surgical aortic
valve replacement (SAVR) and transcatheter aortic valve implanta-
tion (TAVI) in these patients. In general, most studies have favourable
results for the TAVI group. These studies do not include patients with



Fig. 1. Evaluation for ischemic heart disease and CAD.
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high MELD scores, which are normally the patients who need liver
transplant, so further research is needed. In patients post-TAVI, with-
out indication for anticoagulation or dual antiplatelet therapy, aspirin
75−100 mg per day is typically recommended [28].

Severe mitral regurgitation can lead to increased morbidity and
mortality and early intervention resulted in better outcomes; if the
surgical risk is very high treatment with MitraClip (Abbot Vascular,
Minneapolis, MN) in selected patients is a currently available percu-
taneous treatment option [30,31].
9. Evaluation for arrhythmias

The recommendation is to perform a baseline ECG in the evalua-
tion, without the need for repeated ECGs or ambulatory rhythmmon-
itoring. The most frequent arrhythmia is atrial fibrillation which has a
similar prevalence to that of the general population [1]. There is evi-
dence of poor clinical outcomes post LT in pre-existing atrial fibrilla-
tion with cerebrovascular events, post-transplant acute kidney injury
and increased risk of graft failure [32]. New apparition of postopera-
tive atrial fibrillation (POAF) is related to preoperative non-modifi-
able variables, mainly pulmonary hypertension, age, MELD (model
for end-stage liver disease score), and white race. In a study by Rivas
et al. POAF was associated with increased 1-year mortality, but not
with in-hospital mortality or long-term mortality [33]. However, in a
recent metanalysis by So et al., it is associated with higher mortality
and graft failure [34].

For anticoagulation in atrial fibrillation the use of direct oral anti-
coagulants is preferred over vitamin K antagonists. In patients with
high bleeding risk, anticoagulants with an approved antidote are rec-
ommended [35]. Atrial left appendage occlusion in liver transplant
recipients is associated with higher cardiovascular complications so
it is not contemplated [36].

Chronotropic incompetence is the inability to increase heart rate
when there is a physical or pharmacological stimulus. It is very high
in transplant recipients. The pathophysiologic mechanism is related
to autonomic neuropathy and the severity of the response alteration
is related with the severity of the liver disease and with Child-Pugh
and MELD scores [37].

The QT interval is increased in patients with cirrhosis. Long QT
syndrome is defined as a QTc greater than 440 milliseconds and
occurs in 30−50% of patients with ESLD. The mechanism for QT pro-
longation is multifactorial in ESLD and causes such as QT interval pro-
longing drugs and electrolyte abnormalities should be investigated.

There are no specific recommendations for prevention of sudden
cardiac death or ventricular arrhythmias for this population, although
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b-blockers can improve the QT interval they have not been associated
with fewer events [37,38].
10. Evaluation for pericardial disease

Pericardial effusion can appear in ESLD, especially in patients with
ascites. If it is significant enough it can cause cardiac tamponade. This
condition should be treated with pericardiocentesis or pericardial
window before LT. It requires close clinical and echocardiographic
monitoring because recurrences are common [39].
11. Evaluation for pulmonary hypertension and intrapulmonary
shunts

Pulmonary hypertension has a high prevalence in ESLD [40]. The
screening includes a transthoracic echocardiography to identify tri-
cuspid regurgitation and estimate the pulmonary arterial systolic
pressure (PASP). If there is suspicion of significant pulmonary hyper-
tension (PASP > 40 mmHg), confirmation with right heart catheteri-
zation should be done to calculate pulmonary pressures, pulmonary
capillary wedge pressure and pulmonary vascular resistances to
guide treatment [7]. Diagnosis of pulmonary arterial hypertension
has changed with mean pulmonary artery pressure >20 mm Hg
rather than >25 mm Hg and pulmonary vascular resistance is now
thought to be < 2 Wood units rather than 3 Wood units [40−43].

A particular type of pulmonary hypertension in liver patients is
portopulmonary hypertension (PoPH); it is a cause of pre-capillary
pulmonary hypertension that occurs in end stage liver disease [44]. It
affects 5 − 6% of these patients and is associated with significantly
worse survival that idiopathic pulmonary arterial hypertension [45].
this syndrome is caused by a lack of clearance by the liver of vasoac-
tive substances produced in the splanchnic territory causing pulmo-
nary vascular remodeling and vasoconstriction, with elevation of
pulmonary pressure and right ventricular dysfunction. The presence
of severe pulmonary hypertension is associated with a marked
decrease in post- transplant survival and is considered an absolute
contraindication for LT. Patients with moderate to severe PoPH
should be treated and pulmonary vasodilators should be used to
lower the mean pulmonary arterial pressure (mPAP) in order to
make the patient eligible for LT. Previously only mPAP <35 mmHg
was acceptable for transplant listing, now candidates with mPAP 35
−45 mmHg, low pulmonary vascular resistance (PVR) and good right
heart function can also be contemplated [46]. Vasodilator therapies
are based on the treatment of idiopathic pulmonary hypertension.
When comparing patients with vasodilator therapy and with a com-
bination of vasodilators and LT, the latter group has the best



Table 1
Proposed criteria [25]. CCM: cirrhotic cardiomyopathy. LV:
left ventricular. LVGLS: left ventricular global longitudinal
strain. E/e’ ratio: early mitral inflow velocity to mitral annular
early diastolic velocity ratio. Septal e’ velocity: septal mitral
annulus velocity. TR: tricuspid regurgitation. LAVI: left auric-
ular volume index.

Diagnostic Criteria for CCM
Systolic dysfunction Diastolic dysfunction

LV ejection fraction ≤ 50%
or
LVGLS < 18%

≥ 3 of the following:
E/e’ ratio ≥ 15
Septal e’ velocity< 7 cm/s
TR velocity > 2,8 m/s
LAVI > 34 ml/m2
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outcomes. There are three pathways on which target drugs for treat-
ment act: endothelin (endothelin receptor antagonists: bosentan,
ambrisentan, macitentan); nitric oxide (phosphodiesterase-5 inhibi-
tors: sildenafil, tadalafil, guanylate cyclase stimulators: riociguat);
and prostacyclins (prostacyclin derivates: epoprostenol, treprostinil,
iloprost, and prostacyclin agonist receptors: selexipag) [47].

Echocardiography with infusion of agitated saline contrast should
also be done to detect intrapulmonary shunts. This is a common find-
ing in hepatopulmonary syndrome (HPS), defined by the presence of
hypoxaemia and intrapulmonary shunts in a patient with ESLD, and
with a prevalence of 5−32% among LT candidates. In this syndrome it
seems there is an imbalance of vasoactive substances that favours
vasodilatation. In fact, the mechanism of pulmonary hypoxic vaso-
constriction is inhibited. Microbubbles that appear late in the left
side of the heart after an injection of bubbles in the venous system (4
−8 cardiac cycles) are compatible with this diagnosis. Earlier appari-
tion of microbubbles (1−4 cardiac cycles) is more compatible with an
atrial septal defect or a patent foramen ovale. If there are doubts after
the transthoracic study, a transoesophageal study can provide better
visualization of the atrial septum and the pulmonary veins with a
direct visualization of bubbles entering the left atrium [48]. Techne-
tium macroaggregated albumin (99mTc MAA) lung perfusion scans
can also detect shunts, but do not differentiate from intracardiac and
intrapulmonary shunts.

It is necessary to identify other respiratory conditions and bear in
mind that cirrhotic patients usually suffer from concomitant respira-
tory diseases. Blood gas analysis, pulmonary function tests, chest X-
rays and pulmonary angiography can be useful to rule out other causes of

hypoxemia.

There are no therapies available and liver transplant is the only
effective therapeutic alternative. If the condition becomes severe,
patients should be prioritized on the waiting list. The definitive treat-
ment is LT and 85% of cases are cured 6 to 12 months after transplant
[49]. There is no evidence concerning when not to transplant these
patients. The MELD exception standard is limited to patients with PaO2 < 60 mmHg,
but there is a study from the United Network for Organ Sharing data-
base (2002 − 2012) that observed that survival to LT was not differ-
ent between patients with PaO2 <45 mmHg, 45 to < 60 mmHg and ≥
60 mmHg. As a result, the decision depends on center outcomes. 6
−21% of patients present severe post-transplant hypoxemia, defined
as the need for 100% FiO2 supplementation to keep blood-oxygen
saturation ≥85%, which is associated with a peritransplant mortality
of 45%. Treatment options include the Trendelenburg position,
inhaled epoprostenol, inhaled NO and intravenous methylene blue. If
these therapies fail, coil embolization of arteriovenous malformations
and extracorporeal membrane oxygenation can be used [50].
12. Conclusions

LT candidates have more cardiovascular risk factors, and cardiac
events are the leading cause of death post-transplant. Appropriate
5

cardiac evaluation should be done to reduce surgical risk. Each hospi-
tal must decide which patients to include on the waiting list and how
to best manage their comorbidities according to local practices. There
is evidence for some recommendations to improve results. However,
randomized clinical trials are necessary to develop stratification tools
to predict cardiovascular complications following liver transplant.
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