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ABSTRACT

Background: Coronary artery disease (CAD) is associated with perioperative liver transplantation
(LT) mortality. In absence of a defined risk algorithm, we aimed to test whether stress
echocardiography and coronary computed tomography angiography (CCTA) could detect CAD in
end-stage liver disease (ESLD) patients without previous evidence of heart disease.

Methods: LT candidates =30 years underwent a cardiovascular (CV) assessment through stress
echocardiography. CCTA was performed in patients =50 years with two or more CV risk factors
(e.g. diabetes, CAD family history, dyslipidaemia). Coronary angiography (CAG) was scheduled
when stress echocardiography and/or CCTA were positive. Sensibility, specificity, positive and
negative predictive values of stress echocardiography and CCTA were assessed by numbers of
coronary revascularization (true positives) and lack of acute coronary events over a mean follow-up
of 3 years (true negatives).

Results: Stress echocardiography was performed in 273 patients, CCTA in 34 and CAG in 41. Eight
patients had critical coronary lesions, and 19 not-critical lesions. Sensitivity, specificity, positive
and negative predictive values were 50.0%, 90.2%, 13.3% and 98.4% for stress echocardiography
and 100%, 76.7%, 36.4% and 100% for CCTA. Among 163 patients who underwent LT (57.6%), 16
died and 5 had major adverse CV events over a mean follow-up of 3 years.

Conclusions: A very low prevalence of CAD in a selected population of ESLD at intermediate to
high CV risk was found. A screening based on stress echocardiography and CCTA resulted in low
incidence of post-LT acute coronary events in ELSD patients. CAD has no impact on mid-term
survival.

ARTICLE HISTORY
Received 20 April 2023
Revised 6 June 2023
Accepted 12 July 2023

KEYWORDS
Coronary artery disease;
computed tomography
angiography; end-stage
liver disease

Introduction patients undergoing non-cardiac surgery, the 30-day

. . . . . . o
Liver transplantation (LT), the only effective end-stage surgical risk estimate associated with LT is =5% [1].

liver disease (ESLD) treatment, is a procedure linked to This latter is a broad approximation of 30-day risk of

high risk cardiovascular (CV) complications. According
to the 2022 European Society of Cardiology (ESC)
guidelines on CV assessment and management of

CV death, myocardial infarction (MI) and stroke.
LT may cause changes in circulating volume due to
massive blood loss [2], needed for transfusion [3],
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haemodynamic instability and haemodynamic instabil-
ity secondary to the ischaemia-reperfusion syndrome
[4]. Patients with left ventricular dysfunction, related to
cirrhosis (cirrhotic cardiomyopathy) [5] or with clini-
cally relevant valvulopathies [6] or history of coronary
artery disease (CAD) have an increased risk of morbid-
ity and mortality both in the peri- and post-operative
phases of LT [7]. Pre-existent CAD worsens the early
surgical outcome [8] and raises mortality after LT [9].
As the demand for organ donors exceeds the supply,
concomitant cardiac status is accurately evaluated
prior to the LT listing in the majority of LT centres. This
approach defines the effective risk of procedural and
post-surgical CV events, possibly excluding severely
heart affected patients.

Knowledge about CAD prevalence and its impact in
ESLD remains scarce. Moreover, diagnostic tests
employed to detect CAD are not always adequately
referred. Data from Organ Procurement Transplant
Network registry refer to 3.4% of CAD prevalence in
ELSD, more frequent in non-alcohol-related (7.4%) than
in alcohol-related liver diseases (2.9%). Unfortunately,
methods for CAD clinical diagnosis are missing [10]. A
reduction in post-LT mortality and MI was reported by
using coronary angiography (CAG), which was consid-
ered the gold standard technique for CAD evaluation
[11]. However, the impact of CV risk factors, even in
absence of known CAD, is well recognized. A
meta-analysis of 12 observational studies, on roughly
4800 patients, reported a fourfold higher risk of CV
events at 10 years in LT recipients [12].

Currently, in the absence of a standardized screen-
ing for CAD in LT candidates, most surgery units per-
form cardiological evaluation to identify a subclinical
heart pathology (e.g. valvular disease, arrhythmias, left
ventricular dysfunction, pulmonary hypertension) [13].
In 2005, the American Association for the study of
Liver Disease recommended screening for coronary
disease in all patients scheduled for LT when main CV
risk factors were present (i.e. smoking, family history of
heart disease, dyslipidaemia, hypertension, diabetes -
especially >50 years) [14]. Thus, all possible LT candi-
dates are usually evaluated by electrocardiogram (ECG)
and baseline echocardiography.

In line with this evidence, the 2022 ESC flowchart
suggests a cardiologic clinical evaluation in patients
undergoing high risk non cardiac surgery (including
LT), albeit suggesting provocative or imaging tests
only for patients with low functional heart capacity
associated with pre-existing clinical risk factors. In this
context, stress echocardiography is advisable, and
positive test results should indicate the need for inva-
sive or non-invasive morphologic examinations.

However, pharmacological stress echocardiography,
performed either with dobutamine or dipyridamole,
has given contrasting results in patients with ESLD
[15-18]. In these individuals, an altered response to
dobutamine and dipyridamole is reported because of
autonomic activation, reduced arteriolar tone and a
hyperdynamic circulation related to liver failure and/or
portal hypertension [19].

Besides provocative tests, the use of coronary com-
puted tomography angiography (CCTA) has been
poorly investigated. The high spatial and temporal res-
olution achieved by current computed tomography
allows accurate visualization of the coronary anatomy
in many patients [20,21] and appears to be adequate
for the identification of CAD in pre-LT patients [22,23].

Considering that the current cardiologic guidelines
exclude from any functional tests the majority of ESLD
patients without cardiological symptoms and without
previous CV events, the aim of the present study was
to explore the predictive role of a clinical protocol for
the cardiological assessment of ESLD patients who
were candidate to LT and were free of CV events and/
or symptoms related to any CV pathology.

Methods
Studied population

From 2016 to 2021, all ESLD patients who were candi-
date to LT underwent cardiological examination, ECG
and rest echocardiography. This protocol was submit-
ted to the Ethical Committee ‘Milano Area 2’ Cod. Sper.
3301 and subsequently approved.

Patients with clinical history of heart disease and/or
echocardiographic evidence of left ventricular dysfunc-
tion or significant valvular abnormalities were evaluated
by a multidisciplinary team consisting of clinical hepatol-
ogists, transplant surgeons, anaesthesiologists and cardi-
ologists in order to select the appropriate diagnostic and
therapeutic strategy to conclude the heart study. Patients
without previous cardiological history and with normal
clinical assessment were ruled out according to the pro-
tocol shown in Figure 1. All patients aged >30 years
underwent pharmacological stress echocardiography
either dobutamine or dipyridamole infusion; CCTA was
performed in patients =50 years old with a negative
stress echocardiography outcome, who were already dia-
betics (pharmacologically treated) or carried two or more
CV risk factors (reported below). Risk factors that were
took into consideration were hypertension (under cur-
rent pharmacological treatment), smoking (current
smoker or former >10 pack years), family history for CAD
(CV disease occurring in first-degree relatives aged <55
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Figure 1. Protocol to assess preoperatory cardiological risk in patients underwent liver transplantation. The number of patients
allocated to single tests has been reported in brackets. CAD: coronary artery disease; CAG: coronary angiography; CCTA: coronary
computed tomography angiography; CV-RF: cardiovascular risk factors; DM: diabetes mellitus; ECG: electrocardiogram; LT: liver
transplantation; PCl: percutaneous coronary intervention; SE: stress echocardiography.

for males and <65 for females) [4,24] and hypercholes- echocardiography and/or CCTA (evidence of stenosis
terolaemia (under current hypocholesterolaemic treat- >50% in at least one main epicardial coronary artery) ,
ment) [25]. In the presence of abnormal stress patients underwent CAG.
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Patients were classified in four CAG-related groups:
(1) patients who did not undergo CAG (NO CAG);
(2) patients with a normal CAG (CAG NEG); (3) patients
with CAG showing non-critical coronaropathy (CAG
NCC); (4) patient with CAG showing coronary lesions
that were treated by percutaneous coronary interven-
tion (CAG PCl). In each group, patients were sorted
according to their liver disease aetiology as hepatitis C
virus infection, hepatitis B virus infection, alcoholic
liver disease (EtOH), non-alcoholic steatohepatitis and
other aetiologies. The presence of hepatocellular carci-
noma (HCC) was a primary indication for LT irrespec-
tive of the severity of hepatopathy, evaluated through
MELD (model for end-stage liver disease) score [26],
leading to a sub-stratification of patients.

All LT survivors underwent an annual cardiologic
evaluation up to a mean follow-up of 3 years. The
endpoints evaluated were (1) all-cause death and (2)
major adverse cardiovascular events (MACE) consisting
of CV death, hospitalizations for CV causes not related
to coronary pathology, hospitalization for coronary
revascularization.

For each of the two diagnostic tests used (stress
echocardiography and CCTA), sensitivity (Sn), specific-
ity (Sp), positive predictive value (PPV) and negative
predictive value (NPV) were determined. Effective
number of patients subjected to coronary revascular-
ization was considered as true positive. The absence of
MACE over a mean follow-up of 3 years was consid-
ered as true negative.

Types of CV therapy - i.e. B-blockers, renin-angio-
tensin system (RAS) inhibitors, calcium antagonists,
anticoagulants and antiplatelets agents — as well as
the prevalence of hypercholesterolaemia, hypertension
and diabetes were computed and compared before
and after LT in the overall population and in patients
who experienced events during follow-up (deaths and/
or MACE).

Statistical analysis

Age, body mass index (BMI, kg/m?), left ventricular
ejection fraction (EF, %), MELD value, were expressed
as mean = standard deviation. Gender distribution,
transplantation frequency, the prevalence of CV risk
factors, aetiologies of liver disease, number of HCC
diagnosis, number of patients treated with B-blockers,
RAS inhibitors, calcium antagonists, anticoagulants and
antiplatelets agents, were expressed as absolute values
and percentage (%).

The number of patients undergoing pharmacologi-
cal stress echocardiography, CCTA, CAG and PCl was
expressed as absolute values and percentage (%). True

positives are the transplanted patients who showed
pre-LT abnormal results to at least one of the two
non-invasive tests and required pre-LT coronary revas-
cularization. True negatives are the transplanted
patients who showed pre-LT normal results to
non-invasive tests and remained free from MACE over
a post-LT mean follow-up of 3 years.

The sensitivity of non-invasive tests is expressed as
the percentage value of the ratio of true positives to
the total number of subjects who required revascular-
ization by PCI (true positives + false negatives).

The specificity of non-invasive tests is expressed as the
percentage value of the ratio of true negatives to the
total number of subjects who did not require revascular-
ization by PCl (true negatives + false positives).

The PPV of non-invasive tests is expressed as the
percentage of the ratio of true positives to the total
number of subjects who presented with a positive
instrumental investigation (true positives + false posi-
tives). The NPV of non-invasive tests is expressed as the
percentage of the ratio of true negatives to the total
number of subjects who had a negative instrumental
investigation finding (true negatives + false negatives).

Statistical analysis of the prevalence of liver disease
aetiologies and CV risk factors in the four CAG-related
groups was performed by application of the Chi-square
(x?) test for multiple variables and subsequent post
hoc custom tables analysis. Differences in number and
type of pharmacological CV therapies and in preva-
lence of risk factors (hypercholesterolaemia, hyperten-
sion and diabetes) in overall population and in
patients who experienced events during follow-up
were analysed by Student’s t-test.

Distribution of MELD scores and incidence of total
deaths and MACE comparing HCC and non-HCC patients
were analysed by application of the Chi-square (x?) test
for multiple variables and subsequent post hoc custom
tables analysis. Total mortality and MACE of LT recipi-
ents are expressed by Kaplan-Meier's curves for the
four CAG-related groups, which have been compared by
the log-rank test.

Results

Among a total of 283 ESLD patients listed for LT, 163
(57.6%) received transplantation surgery during the
time of the study.

Characteristics of the overall population and of the
single CAD-related groups are shown in Table 1. The y?
test for multiple variables showed no significant differ-
ences. Ten patients younger than 30 years old were
positively listed for transplantation without further
clinical assessment. Thus, a total of 273 stress
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Table 1. Characteristics of the overall population.

Characteristics Total (n = 283) NO CAG (n = 242) CAGNEG (n=14) CAGNCC(n=19 CAGPCl(n=28)
Age, years (mean + SD) 57 £ 10 56 + 10 61 +£6 61 £5 63 +4
BMI, kg/m? (mean + SD) 25.52 + 4.46 25.28 + 4.51 2691 + 4.38 26.89 + 3.67 26.42 + 4.40
EF, % (mean + SD) 62 +£4 63 +4 62 +5 61 £5 63 £3
MELD (mean + SD) 144 + 8.8 142 + 89 175 £ 8.2 142 £ 53 13.2 £ 109
Women, n (%) 74 (26.1) 67 (26.7) 5 (35.7) 2 (10.5) 0 (0)
Transplanted, n (%) 163 (57.6) 140 (57.9) 7 (50.0) 10 (52.6) 6 (75.0)
Etiology

HBV, n (%) 29 (10.2) 26 (10.7) 1(7.1) 2 (10.5) 0 (0)
HCV, n (%) 106 (37.5) 93 (38.4) 5 (35.7) 6 (31.6) 2 (25.0)
ETOH, n (%) 68 (24.0) 57 (23.6) 1(7.1) 7 (36.8) 3 (37.5)
NASH, n (%) 18 (6.4) 10 (4.1) 5 (35.7) 1(5.3) 2 (25.0)
Other, n (%) 62 (21.9) 56 (23.1) 2 (14.3) 3 (15.8) 1(12.5)
Risk factors

Diabetes, n (%) 91 (32.2) 68 (28.1) 8 (57.1) 11 (57.9) 4 (50.0)
Familiar history of CAD, n (%) 19 (6.7) 13 (5.4) 1(7.1) 4 (21.1) 1(12.5)
Active smoking, n (%) 83 (29.3) 71 (29.3) 3(21.4) 7 (36.8) 2 (25.0
Hypertension, n (%) 97 (34.3) 71 (29.3) 8 (57.1) 12 (63.2) 6 (75.0)
Dyslipidaemia, n (%) 13 (4.6) 6 (2.5) 2 (14.3) 3 (15.8) 2 (25.0)
>2RF, n (%) 81 (28.6) 56 (23.1) 8 (57.1) 11 (57.9) 6 (75.0)

CAG: coronary angiography; NEG: negative for coronary disease; NCC: non-critical coronaropathy; PCl: percutaneous coronary intervention; BMI: body mass
index; EF: ejection fraction; MELD: model for end-stage liver disease; HBV: hepatitis B virus; HCV: hepatitis C virus; ETOH: ethanol (alcoholic liver disease);

NASH: non-alcoholic steatohepatitis; OTHER include autoimmune hepatitis, Budd-Chiari syndrome, primary biliary cirrhosis and Wilson's disease; RF: risk

factors; SD: standard deviation.

Values are expressed as medians (interquartile ranges) for continuous variables and numbers (percentages) for categorical variables, referred to total
population. Chi-square test for multiple variables showed no significant differences between the four evaluated groups.

Table 2. Indications to coronary angiography according to the non-invasive tests.

SE + CCTA + TOT
N % N % N %
CAG NEG 14 4.9% 0 0% 14 4.9%
CAG NCC 12 4.2% 7 2.5% 19 6.7%
CAG PClI 4 1.4% 4 1.4% 8 2.8%
TOT 30 10.6% 1 3.9% 41 14.5%

SE +: stress echocardiography positive test results; CCTA +: coronary computed tomography angiography positive test results; CAG: coronary angiography;
NEG: negative for coronary disease; NCC: non-critical coronaropathy; PCl: percutaneous coronary intervention; TOT: total.
Values are expressed as absolute numbers and percentages referred to total population.

Table 3. Sensitivity, specificity, positive predictive value and
negative predictive value relative to non-invasive tests in
patients who underwent liver transplantation.

SE CCTA
TOT 273 34

FP 26 7

P 4 4

FN 4 0

™ 239 23
PPV 13.3% 36.4%
NPV 98.4% 100%
sn 50.0% 100%
Sp 90.2% 76.7%

SE: stress echocardiography; CCTA: coronary computed tomography angi-
ography; FP: false positives; TP: true positives; FN: false negatives; TN: true
negatives; PPV: positive predictive value; NPV: negative predictive value;
Sn: sensitivity; Sp: specificity.

Values are expressed as absolute numbers and percentages for categorical
variables.

echocardiography (96.5% of the total number of
patients), 34 CCTA and 41 CAG were performed, eight
of which resulted in revascularization by PCI.
According to the non-invasive tests, the indications
to CAG are shown in Table 2. CAG was performed in
41 subjects (14.5% of the 283 patients) with a mean

age of 62 = 5 years (82.9% male). The positivity to
stress echocardiography was 10.6% (30 individuals)
and to CCTA was 3.9% (11 individuals). Fourteen
patients (4.9%) had lesion-free coronary arteries, 19
patients (6.7%) had non-critical coronary (NCC) disease
and eight (2.8%) had CAD requiring revascularization.

Twenty-three out of 41 CAG patients (six treated
with PCl) underwent LT.

According to the pre-specified definition of true
positive (CAG-PCl) and true negative (no MACE over
the follow-up), Table 3 reports Sn, Sp, PPV and NPV
relative to non-invasive tests in patients who under-
went LT. Relative to stress echocardiography, Sn was
50%, Sp was 90.2%, PPV was 13.3% and NPV was
98.4%. Pertaining CCTA, Sn was 100%, Sp was 76.7%,
PPV was 36.4% and NPV was 100%. Use of dobuta-
mine as a stressor drug was 51%. No difference in pre-
dictive powers of different stressors was found.

Among 163 patients who underwent LT, 16 died
(9.8%) and 5 experienced MACE (3.1%) over a mean
follow-up of 3 years (Figure 2 and Table 4), . In the NO
CAG group, 12 patients died for non-CV causes and one
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Event-free Survival in LT Population
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Figure 2. Kaplan-Meier’s curves relative to event-free survival in patients underwent liver transplantation. Patients were divided
among the four CAG-related groups as follows: NO CAG: patients not subjected to coronary angiographies; CAG — NEG: negative
coronary angiographies; CAG - NCC: non-critical coronaropathy; CAG - PCI: critical coronaropathy requiring revascularization.
Censored patients are detailed by markings on the respective curves.

Table 4. Major adverse cardiac events (a) and all-cause mortality (b).
(a) MACE distribution

Total (n = 163) NO CAG (n = 140) CAG NEG (n=7) CAG NCC (n = 10) CAG PCl (n = 6)
CV death, n (%) 1 (0.6) 0 (0.0 0 (0) 1(0.1) 0 (0)
Hospitalization for coronary revascularization, 3 (1.8) 1(0.7) 0 (0) 1 (10.0) 1(16.7)
n (%)
Hospitalizations for CV causes not related to 1 (0.6) 0 (0) 1 (14.3) 0 (0) 0 (0)

coronary pathology, n (%)

MACE: major adverse cardiovascular event (cardiovascular death, hospitalization for coronary revascularization, hospitalizations for cardiovascular causes
not related to coronary pathology); CAG: coronary angiography; NEG: negative for coronary disease; NCC: non-critical coronaropathy; PCl: percutaneous
coronary intervention; CV: cardiovascular.

Values are expressed as absolute numbers and percentages referred to the LT population. No significant differences between these groups were found.

(b) All-cause mortality

Total (n = 163) NO CAG (n = 140) CAG NEG (n =7) CAG NCC (n = 10) CAG PCl (n = 6)
Acute coronary events, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Acute non-coronary events, n (%) 12 (0.6) 0 (0) 0 (0) 12 (10.0) 0 (0)
Sepsis, n (%) 4 (2.4) 3(2.1) 0 (0) 0 (0) 1(16.7)
LT failure®, n (%) 7 (4.3) 6 (4.3) 0(0) 1 (10.0) 0 (0)
Other, n (%) 4 (2.4) 3(2.1) 1(14.3) 0 (0) 0 (0)
TOT, n (%) 16 (9.8) 12 (8.6) 1(14.3) 2 (20.0) 1(16.7)

CAG: coronary angiography; NEG: negative for coronary disease; NCC: non-critical coronaropathy; PCl: percutaneous coronary intervention.

Values are expressed as absolute numbers and percentages referred to the LT population. No significant differences between these groups were found.
2Aortic dissection.

bRecurrence of hepatocellular carcinoma (HCC), multi-organ failure (MOF), death on operating table (DOT) and graft failure.

experienced MACE (PCl). In the CAG NEG group, one
patient died for non-CV causes and one experienced
MACE (hospital admission for congestive heart failure). In
the CAG NCC group, one patient died for non-CV causes
and 2 experienced MACE (one CV death and one PCI). In

the CAG PCl group, one patient died for non-CV causes
and one experienced MACE (repeated PCl).

The majority of ESLD patients included in the pres-
ent study had severe signs of liver dysfunction (high
MELD score (Table 1)). Among the transplanted



patients, 90 (55.2%) were harbouring HCC at listing:
MELD score in HCC and non-HCC patients was not sig-
nificantly different (11.5 £ 5.0 vs. 17.5 + 6.3). Among
HCC patients, 10 (11.1%) died and 2 (2.2%) experi-
enced MACE, whereas among non-HCC, six (8.2%) died
and 3 (4.1%) experienced MACE. Also in these latter,
there were no statistical differences.

Comparing pre- and post-LT CV risk factors incidence,
a significant increment of both diabetes (52.8%, p < .001)
and hypertension (35.7%, p < .001) was observed. No
changes in hypercholesterolaemia incidence were shown.
In the group of patients who died (total mortality) and
those who experienced MACE, postoperative increases in
both diabetes (25.3%, p < .005) and hypertension (28.1%,
p < .001) were observed.

Changes in medical therapies after LT are worth
mentioning: B-blockers were discontinued in a high
percentage of patients (72.1%, p < .001). Conversely,
there were no significant changes in the adherence to
antihypertensive therapy with RAS inhibitors and cal-
cium channel blockers (8.3%), and to diuretics (22.6%).
After LT, the majority of patients received antiplatelet
therapy by acetylsalicylic acid (ASA) as antithrombotic
prophylaxis after hepatic vessel reconstruction, a ther-
apy that was not common pre-LT (92.0%, p < .001).
Moreover, a small percentage of patients underwent
clopidogrel administration (5.1%) due to hepatic arte-
rial stenosis in the majority of cases. Only patients
who had a subsequent coronary revascularization
(n = 3) received dual antiplatelet therapy (DAPT). In
particular, in CAG PCl patients, DAPT was administered
only for one month and then clopidogrel was discon-
tinued in all patients regardless of remaining time to
transplantation. Before LT, anticoagulation therapy (low
molecular weight heparin and/or oral anticoagulants)
was administered in a relatively small percentage of
patients (16.4%) primarily as prophylaxis in case of
pre-LT portal thrombosis and it was found virtually
unchanged in the first year after LT, but in part with
different clinical indication (eight patients, 4.9%, had a
new diagnosis of atrial fibrillation in the follow-up).
Relevant differences in treatment strategies were
observed in patients who experienced events com-
pared to the general population.

No fatal acute coronary events were reported during
the follow-up and total survival did not differ among
the four examined groups (Figure 2 and Table 4(b)).

Discussion

A pre-LT cardiological evaluation that relays on a com-
bined use of non-invasive functional tests and imaging
techniques is able to identify CAD patients and to reduce
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the risk of CV mortality and MACE after LT, in an ESLD
population without known CV disease. In particular,
patients with definite CAD who underwent PCl did not
show differences in CV mortality and MACE at 3 years
follow-up compared to patients without evidence of CAD.

Despite a high frequency of CV risk factors, the
prevalence of identified critical CAD was relatively
low (2.8%) in our ESLD population without known
heart disease compared to previous studies in
patients within the same age (57 £ 10 years) [27,28].
The most recent documents on cardiologic evaluation
in ESLD patients scheduled for LT [8,29] reported
extreme variability on CAD prevalence (between 3%
and 30%) in patients with previous CAD and/or
known heart disease. On the contrary, prior to the
application of the proposed protocol, which was
aimed at identifying CAD and at evaluating deaths
and CV events after LT, the CAD prevalence was zero
(because of exclusion of patients with previous cardi-
ological history) in an ESLD population without
known CV disease. Moreover, related literature
included CAD patients independently of specific diag-
nosis and clinical setting (i.e. non-critical and critical
CAD, single and multivessel, prior MI, prior PCl or cor-
onary artery bypass graft — CABG) and no data on
diagnostic tests for the assessment of residual isch-
aemia in CAD patients were reported [30].

The low stress echocardiography sensitivity we
found in our study is in line with data reported in pre-
vious studies in ESLD patients with a reduced response
to pharmacological stimuli evoked by both dobuta-
mine or dipyridamole [17-19,31]. This is a phenome-
non due to autonomic activation, reduced arteriolar
tone and a hyperdynamic circulation related to liver
failure and/or portal hypertension [31]. Moreover, the
choice of pharmacological stressor-agent is determined
by clinical factors linked to the ESLD. In patients with
oesophageal varices, dobutamine administration is not
recommended due to the need of discontinuing
B-blockers, whereas dipyridamole cannot be adminis-
tered in patients with asthma or suspected cerebral
arteriopathy. Thus, stress echocardiography is not fully
reliable, unless supported by other diagnostic meth-
ods. The use of different forms of provocative testing,
such as those involving physical exertion (exercise
echocardiography, ECG or myocardial scintigraphy), is
not widely applicable in ESLD patients (less than 1%)
[29], as they often have a low exercise capacity.

According to the proposed protocol, the additional
use of CCTA (as a non-invasive approach) was justified
by the known high sensitivity. Specifically, CCTA sensi-
tivity and the NPV were very high, whereas specificity
and PPVs were relatively low. CCTA does not clearly
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discriminate the extent (critical or non-critical) of the
CAD, but identifies the absence of coronary atheroscle-
rosis [1,32]. According to the CAT-CAD trial (computed
tomography as the first-choice diagnostics in high
pre-test probability of coronary artery disease), CCTA
might reduce the number of non-actionable coronary
angiographies in patients with indications to CAG.
According to this trial, CCTA resulted to be an effective
and safe, non-invasive, outpatient-based and cost-
effective alternative to CAG for patients with a high
clinical odds of obstructive CAD [33-35]. Furthermore,
in the case of intermediate lesions, CCTA-derived frac-
tional flow reserve can assess flow limitation across cor-
onary stenosis with high diagnostic accuracy and good
correlation to invasive fractional flow reserve [36,37].
Based on this finding, the assessment of the fractional
flow reserve by CCTA may represent an add-on value in
the evaluation of CV risk in patients selected to LT.

The low PPV for stress echocardiography and CCTA
increases the need of CAG to exclude the presence of
CAD in patients with a priori low probability of disease.
This explains the high prevalence of normal angiogra-
phy and non-critical disease (n = 33) in patients assessed
through CAG. Nonetheless, the effective identification of
patients free from CAD (true negatives) by the
non-invasive tests can be extremely relevant in reduc-
ing the risk of LT-related cardiac events, and therefore
the risk of ‘over-using’ CAG to identify true positives.

Owing to reasons related to the inherited nature of
protocol, the population undergoing CCTA had a higher
theoretical CV risk related to a higher prevalence of
arterial hypertension, hypercholesterolaemia, smoking,
diabetes and family history of CV disease. The preva-
lence of the main CV risk factors was as follows: diabe-
tes mellitus (32.2%), hypertension (34.3%), dyslipidaemia
(4.6%) and active smoking (29.3%). These data are in
line with those reported in the literature, with diabetes
ranging from 25% to 33% and hypertension ranging
from 31% to 43%, thus indicating that the CV risk factor
prevalence in our cohort can be representative of the
general ELSD population [38,39].

It is worth mentioning that the prevalence of risk
factors in patients with critical coronary disease (CAG
PCl) was higher than the population included in the
other groups without critical CAD, as shown in Table 1.
Diabetes was found in 50%, hypertension in 75%, dys-
lipidaemia in 25% and active smoking in 25% of CAG
PCl patients, thus suggesting a pathogenetic effect
of these risk factors on coronary atherosclerosis pro-
gression in ESLD population. According to the aetiol-
ogy of liver disease, the CAD prevalence is generally
distributed in ESLD patients. Indeed, among CAG PCl
patients, 37.5% presented an EtOH aetiology. No

correlation was found with MELD score. In those
patients who experienced events, the incidence of
new-onset diabetes and hypertension post-LT was sim-
ilar to the one belonging to the general population.
Since modifications in the therapy were similar in all
four groups after LT, we hypothesized that this was
not a bias influencing outcome at 3 years.

According to the most recent 2022 ESC protocol for
the cardiological assessment of patients to be referred
for non-cardiac surgery [1], LT is listed as a high-risk sur-
gical procedure. It is suggested that high-risk non-cardiac
surgery candidates should only be evaluated by provoc-
ative (e.g. stress echocardiography) or advanced
non-invasive imaging tests (e.g. CCTA) if they have a
low functional class (<4 METS, metabolic equivalent of
tasks) and/or the presence of clinical factors such as
heart failure, history of CAD, history of stroke or tran-
sient ischemic attack , renal insufficiency (GFR < 60mL/
min), diabetes mellitus on insulin therapy. This approach
is consistent with our design protocol, which was
hypothesized in 2016. However, in our studied popula-
tion, no patients had severe clinical factors proposed by
the ESC guidelines, thus, hypothetically none of the 283
screened patients would have undergone any provoca-
tive or non-invasive imaging tests and therefore the
identification of subjects with CAD would have not
been possible. For this reason, the ESC protocol might
be useful for the evaluation of CV risk in patients under-
going high-risk abdominal surgery, although it does not
appear adequate to screen ESLD patients. Indeed, LT
cannot be equated to a generic abdominal operation
since the correct identification of the patient for the
organ allocation must be considered in addition to the
intrinsic surgical risk for the patient. In the last years
and in agreement with our hypothesis, several surgeons
have proposed pre-LT cardiological evaluation protocols
which require an extensive diagnostic approach based
on provocative testing [40-44].

These results should be interpreted within the con-
text of potential limitations: (1) despite the number of
patients included in our protocol, this study was not
powered ‘a priori’ for the outcome explored (this is a
non-randomized control study). The total number of
patients evaluated is not enough to define the real
prevalence of CAD in ESLD patients, but the extensive
characterization of patients can overcome this draw-
back in this peculiar clinical setting; (2) in relation to
the results observed, the use of CCTA would be appro-
priate, when clinically possible, in all ESLD subjects
screened for LT, regardless of the risk factors; (3) the
lack of sensitivity found by SE is compensated by the
high sensitivity of CCTA, although the positive predic-
tive power remains low for both methods. The clinical



consequence is the relatively high number of patients
positive for both methods who were sent for CAG and
in whom critical CAD requiring revascularization was
not detected (CAG NEG group); (4) although our study
did not evaluate costs associated with diagnostic pro-
cedures in relation to potential clinical benefits, this
specific cardiologic diagnostic work-up seems justifi-
able because it increases the probability of LT uncom-
plicated outcome. While LT is one of the most
expensive surgical and medical procedure and the
proposed protocol is time and cost demanding, this
diagnostic strategy, in which the identification of true
negative subjects was the main goal, allows reducing
the risk of perioperative and postoperative CV events.

In conclusion, the application of the present proto-
col in a ESLD population without evidence of previous
heart disease demonstrated a reduction in the inci-
dence of post-LT acute coronary events in patients
with a theoretic high CV risk. This justifies the useful-
ness of two non-invasive methods to identify CAD,
namely, a functional and an imaging test. The lack in
sensitivity found by SE is compensated by the high
sensitivity demonstrated by CCTA, although the PPV
remains low for both techniques. The CAG without evi-
dence of significant coronary lesions, even after posi-
tivity of stress echocardiography and/or CCTA and/or
in the presence of CV risk factors, indicates that a sin-
gle non-invasive method is not sufficient to identify
CAD in ESLD patients. Conversely, application of both
methods allows a more correct identification of sub-
jects without CAD (true negatives).
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