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diagnose significant coronary artery disease (CAD) before LT and predict the inci-
dence of post-LT cardiovascular events (CVE).

Methods: We retrospectively analysed a single-centre cohort of LT candidates who
underwent non-invasive tests; invasive coronary angiography (ICA) was performed
depending on the results of non-invasive tests. mMCAD-LT was calculated in all patients.
Results: Six-hundred-and-thirty-four LT candidates were assessed and 351 of them
underwent LT. CACS, CCTA and ICA were performed in 245, 123 and 120 LT candi-
dates, respectively. Significant CAD was found in 30% of patients undergoing ICA.
The AUROCs of mCAD-LT (.722) and CCTA (.654) were significantly higher than that
of CACS (.502) to predict the presence of significant CAD. Specificity of the tests
ranged between 31% for CCTA and 53% for CACS. Among patients who underwent
LT, CACS 2400 and mCAD-LT were independently associated with the incidence of
CVE; in patients who underwent CCTA before LT, significant CAD at CCTA also pre-
dicted post-LT CVE.

Conclusion: In this cohort, mMCAD-LT score and CT-based tests detect the presence of
significant CAD in LT candidates, although they tend to overestimate it. Both mCAD-
LT score and CT-based tests classify LT recipients according to their risk of post-LT
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1 | INTRODUCTION

Cardiovascular disease (CVD) is one of the main problems faced by
liver transplant (LT) recipients.! Indeed, cardiovascular events (CVE)
are the most important cause of early death after LT and they are
also among the most frequent causes of death and disability in the
long term.?® Concurrently, the profile of LT candidates now includes
older patients with an increasing prevalence of steatotic liver disease
as LT indication, as well as cardiovascular-related comorbidities,*
thus the incidence of CVE is likely to continue increasing.

The optimal preoperative cardiovascular evaluation strategy
for patients undergoing LT evaluation is unknown. American and

56 recommend stress test-

European Hepatology societies guidelines
ing in LT candidates with cardiovascular risk (CVR) factors to eval-
uate the presence of asymptomatic coronary artery disease (CAD)
but, importantly, they are around 10years old. It is now well known
that the blunted chronotropic response and chronic vasodilation
characteristic of advanced cirrhosis decreases the performance of
stress tests in these patients.7'9 Furthermore, it is uncertain what
combination of CVR factors should trigger invasive investigations in
LT candidates.’® In this regard, a risk factor-based score, the coro-
nary artery disease in liver transplantation (CAD-LT) score, was re-
cently proposed to stratify LT candidates according to their risk of
significant CAD in invasive coronary angiography (ICA).*! To the best
of our knowledge, no study has tested this score (or modifications
thereof) in the assessment of the presence of CAD in LT candidates
in other cohorts.

CVE and can be used to improve post-LT risk mitigation.

CACS, CAD-LT score, coronary angiography, coronary artery disease, liver transplantation

Key points

e Computed tomography-based tests that quantify calci-
fication of coronary arteries and non-invasively depict
coronary anatomy and a slight modification of a simple
clinical score that was recently developed are able to
detect liver transplant (LT) recipients that have higher
risk of post-LT cardiovascular events.

o All these tests can help detect the presence of signifi-
cant coronary artery disease before LT, but they all tend
to overestimate it in the setting of screening of asymp-
tomatic candidates in whom exclusion of significant
coronary artery disease is paramount.

e These results can be useful to design coronary artery
disease screening protocols in LT candidates and to es-
tablish post-transplant risk mitigation strategies.

e Future research is needed to evaluate new technical
advances and combinations of tests to improve the
detection of significant coronary artery disease in LT
candidates.

Computed tomography (CT)-related techniques, both coronary
artery calcium score (CACS) and coronary CT angiography (CCTA),
are being increasingly used in the general population to assess the
presence and severity of CAD, and they may be a reliable screening
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option for preoperative non-invasive evaluation of CAD in LT can-

didates.'?"%® Recent expert reviews'®’

and, more importantly, an
AHA scientific statement endorsed by the AST'® recommend these
techniques to evaluate the presence of CAD before LT, and at the
same time highlight the need to collect more information regard-
ing their diagnostic and prognostic yield in large, well-characterized
cohorts.

Considering all this, we performed this study with two main aims:
(1) to evaluate and compare the performance of CT-based tests and
a modification of the CAD-LT score (NCAD-LT) in the assessment of
significant CAD before LT; and (2) to investigate the ability of these
tests to predict post-LT CVE.

2 | METHODS

2.1 | Study design and patient population

We retrospectively reviewed the data of all patients evaluated for
a LT in our hospital between July 2015 and September 2020. We
recorded the aetiology of the liver disease, indication of LT, liver
function, smoking status, body mass index (BMI) and laboratory
variables (serum creatinine and estimated glomerular filtration rate
[eGFR]). The presence of pre-LT CVR factors was assessed accord-
ing to the International Classification of Diseases-11 codes (World
Health Organization Classification of Diseases). We recorded the
presence of cardiovascular disease before LT, defined as previous
episodes of myocardial infarction, acute coronary syndrome (ACS),
stable angina, ischaemic or haemorrhagic stroke or transient ischae-
mic attack, heart failure, diagnosis of peripheral artery disease and
arrhythmia. A modified CAD-LT score!! (nCAD-LT score) was cal-
culated excluding the variable ‘family history of CAD’ due to >70%

missing data. To calculate this mCAD-LT score, we maintained the
same points of the original publication for the rest of the variables
of the score (age, sex, diabetes [DM], hypertension [HTN], tobacco
pack-years and personal history of CAD). Consequently, the results
of the score rank from -2 to 23.

2.2 | Pre-transplant evaluation and management of
silent coronary artery disease

Since 2015, the CAD assessment before LT in our centre is a tiered
protocol (Figure 1) that can include, depending on pre-specified
clinical risk, (a) no screening test further than electrocardiogram
(ECG) and transthoracic echocardiography; (b) CACS, assessed with
the Agatston method and categorized in O (absence of coronary
atherosclerosis), 1-399 (mild-moderate) and 2400 (severe),2°22 fol-
lowed by CCTA in the same procedure depending on CACS results®®;
or (c) stress tests. ICA is performed depending on the results of non-
invasive tests.

In patients who underwent ICA, significant disease was defined
as stenosis 250% in a main vessel, and percutaneous revasculariza-
tion was indicated in cases of stenosis 270% amenable to percuta-
neous coronary intervention (PCI). Patients with >70% stenosis in
the three vessels were reviewed in multidisciplinary discussion to
decide revascularization. In case of coronary stenosis 50%-70%,
measurement of the fractional flow reserve (FFR) was performed
and percutaneous revascularization was indicated if positive (<.8).
Revascularized patients received 1 month of dual antiplatelet ther-
apy (DAPT) before being activated in the waiting list, followed by at
least 1year of aspirin alone. Bare metal or second-generation drug-
eluting stents were used for PCI depending on the time period and

availability.

‘ All patients evaluated for LT

(n=634)

)

‘ ECG + echocardiography

‘ Previous CVD comorbidity*? ‘

l Yes No

l

Stress test (n = 80)

2 3 clinical risk factors**
or DM/MASLD and 1 risk factor

Positive or
inconclusive

Negative

No Yes

‘ No further test ‘

‘ No further test (n = 309) ‘ /—{ CAC score (n = 245)‘

|
‘ CACS=0 }—" No further test

CACS 2400 ‘ ‘ CACS 1-399 ‘

CCTA

‘ Invasive coronary angiography |

} Stenosis 2 50%

‘ Stenosis < 50%

FIGURE 1 Coronary artery disease (CAD) screening protocol. CACS, coronary artery calcification score; CCTA, coronary computed
tomography angiography; CVD, cardiovascular disease; DM, diabetes mellitus; ECG, electrocardiogram; MASLD, metabolic dysfunction-
associated steatotic liver disease. *coronary heart disease, heart failure, cerebrovascular disease, peripheral artery disease, chronic kidney
disease. **age (male 245years, female 250vyears), arterial hypertension, dyslipidemia, diabetes mellitus, smoking history, MASLD. *** in
patients with CACS 2400, next step was either stress test or invasive coronary angiography at physician discretion.
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2.3 | Post-transplant cardiovascular management

The post-LT cardiovascular management of LT recipients at our in-
stitution has been previously reported.24 In brief, in 2018 we im-
plemented a multidisciplinary protocol that included a detailed
evaluation of cardiovascular risk, as well as management of immuno-
suppression, and pre-established treatment strategies and referral
of patients with HTN, DM or dyslipidaemia.

2.4 | Post-transplant cardiovascular events

Patients who underwent LT during the study period were followed
until 30 September 2022. The date and type of post-LT events were
compiled by two investigators (GP and GC). In patients with more than
one episode of CVE, only the first was included in the analysis. The
CVE considered were ACS (including myocardial infarction with or
without ST elevation or unstable angina), ischaemic or haemorrhagic
stroke, arrhythmia (ventricular tachycardia, atrial flutter or fibrillation),
peripheral artery disease and heart failure. We also performed a suba-
nalysis including only atherosclerotic cardiovascular disease (ASCVD)-

related events (ACS, stroke and peripheral artery disease).

2.5 | Statistical analysis

Categorical variables are shown in absolute number and percentage
and quantitative variables in median and interquartile range (IQR).
Comparisons were performed using Fisher test for categorical vari-
ables, and Mann-Whitney or Kruskall-Wallis tests for continuous
variables. We calculated the area under the receiver-operating charac-
teristic curve (AUROC) to evaluate the diagnostic capacity of Agatston
score, CCTA and the mCAD-LT score to diagnose significant CAD in
patients undergoing ICA. Kaplan-Meier curves and the log-rank test
were used to investigate the incidence of post-LT CVE. Pre-transplant
variables associated with the incidence of post-LT CVE were assessed
by univariate and multivariate Cox regression analysis. nCAD-LT score
was included in the multivariate analysis instead of the individual varia-
bles comprised in the score that resulted statistically significant in uni-
variate analysis (age, diabetes and previous CVE). In this analysis, we
evaluated the first-line pre-LT CAD screening test performed (no extra
test, CACS or stress test) categorizing CACS in the three groups pre-
viously described (0, 1-399 and 2400), in order to include the whole
cohort that underwent LT in the analysis. A subanalysis including only
ASCVD was also performed. A p-value<.05 was considered statisti-
cally significant. All statistical analyses were done using the SPSS pack-
age Version 28 (IBM Corporation).

2.6 | Ethicalissues

The study was performed in accordance with the Declaration
of Helsinki. All study data were pseudoanonymized with access
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restricted to only those personnel authorized to participate in the
study. The study was approved by the Clinical Research Ethical
Committee of Hospital Clinic, Barcelona, Spain (HCB/2022/0310).

3 | RESULTS
3.1 | Patient population

A flow chart of the study is shown in Figure 2. Six-hundred-and-
thirty-four patients underwent LT candidacy assessment, and 351
of them eventually underwent LT during the study period. Baseline
characteristics of the 634 LT candidates, categorized according to

their first-line CAD screening test (Figure 1), are shown in Table 1.

3.2 | Performance of CACS and CCTA as CAD
primary screening test

Among the 245 candidates that underwent CACS as initial CAD as-
sessment test, median Agatston score was 84 (IQR 2-404). Fifty-
three (21.6%) patients had Agatston=0, 129 (52.7%) had Agatston
1-399 and 63 (25.7%) had Agatston 2400. Agatston score was as-
sociated with older age, male sex, alcohol-related liver disease, HTN,
smoking history, past CVE and mCAD-LT score (Table 2).

3.2.1 | Patients with CACS 1-399

CCTA was performed in 123 of the 129 patients with Agatston score
1-399 (95.3%). Forty-six patients (37.4%) had significant coronary
lesions (250%), and 12 (9.8%) had lesions at the limit of significance
or that could not be reliably assessed with CCTA. Finally, 53 patients
underwent ICA and 14 (26.4%) had significant lesions in ICA, all
within patients with significant lesions at CCTA (34.1%).

3.2.2 | Patients with CACS2400

Out of the 63 candidates with CACS2400, 46 eventually un-
derwent ICA, while 14 underwent stress tests without further
tests. In the other 3 patients, LT was contraindicated in 2 cases
due to non-cardiovascular reasons, and in the remaining patient,
who had acute-on-chronic liver failure (ACLF), consensus was
achieved to undergo LT without ICA. Among the 46 patients with
CACS 2400 that underwent ICA, significant lesions were found
in 14 (30.4%).

3.3 | Invasive coronary angiography

From the whole population of 634 LT candidates, 120 (18.9%)
eventually underwent ICA. Thirty-six patients (30%) showed
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July 2015 to September 2020
Analysis of 634 patients assessed for LT
CAD assessment

FIGURE 2 Flowchart of the study.
CAD, coronary artery disease; LT, liver
transplantation; WL, waiting list.

before LT n=77 (12%) no final indication
n=93 (15%) contraindication

n=13 (2%) dead in the evaluation process

451 (71%) admitted in the WL

n=33 (7%) delisted after death/contraindication
f————————» | n=30(7%) delisted after improvement
n=37 (8%) still in the WL at the end of study period

Analysis of
cardiovascular events 351 (78%) underwent LT
after LT
- TABLE 1 Baseline characteristics
test CACS Stress test OftLT C?;;d:;jates Irz(:rl\u dtedtlhn t:;f :tlll'l:y
Variable All(n=634)  (n=309) (n=245) (n=80) p-Value categorized according to the Tirst-iine
CAD screening test.
Sex (male) 451 (71) 190 (61) 195 (80) 67 (84) <.001
Age, years 58 (51-63) 54 (48-60) 61 (57-65) 61 (55-65) <.001
Aetiology (non mutually exclusive)
HCV 159 (25) 72(23) 56 (23) 31(39) .03
Alcohol 257 (41) 102 (33) 124 (51) 32 (40) .007
MASLD 125 (19) 21(7) 87 (35) 17 (21) <.001
Indication .003
Decompensated 335 (53) 147 (48) 151 (62) 30(37) <.001
cirrhosis
Hepatocellular 179 (28) 62 (20) 73 (30) 38 (47) <.001
carcinoma
BMI, kg/m? 26 (23-30) 25(22-28) 29 (25-31) 26(24-30) <.001
Diabetes 180 (28) 30 (10) 113 (46) 37 (46) <.001
Arterial hypertension 177 (28) 57 (18) 96 (39) 27 (34) <.001
Dyslipidaemia 98 (16) 25(8) 55 (22) 18 (23) <.001
Active/previous 342 (54) 134 (44) 164 (68) 51 (64) <.001
smoking
Previous CVE 62 (10) 11 (4) 27 (11) 26 (32) <.001
mCAD-LT score 8 (6-10) 6 (4-8) 9 (8-11) 9 (6-12) <.001

Abbreviations: BMI, body mass index; CACS, coronary artery calcium score; CVE, cardiovascular
events; HCV, hepatitis C virus; MASLD, metabolic dysfunction-associated steatotic liver disease;
mCAD-LT score, modified coronary artery disease in liver transplantation score.

significant stenoses, and a coronary stent was placed in 9 of
them (25%). In 7 (19.4%) patients, the lesions were deemed
non-treatable and LT was contraindicated, and in the remaining
20 (55.6%) the decision was to proceed to LT without stenting
after multidisciplinary discussion. No patient underwent pre-
LT surgical revascularization. Among the 120 patients that un-
derwent ICA, complications were noted in 6 (5%), and included
haemorrhagic complications (n=2), allergic reactions to contrast
or infused platelets (n=2), acute kidney injury (AKl) (n=1) and
post-procedure fever (n=1). All complications resolved without
sequelae.

The variables associated with significant lesions among pa-
tients that underwent ICA are shown in Table 3. The AUROC of
mCAD-LT score to predict the presence of significant CAD in ICA

was .722 (.625-.820), p<.001. In contrast, the AUROC of the
Agatston score was .512 (.381-.642), p=.858; and the AUROC of
CCTA was .654 (.504-.804, p=.09). The differences between the
AUROCs of CACS and mCAD-LT, and between the AUROCs of
CACS and CCTA were statistically significant (p=.018 and p=.042,
respectively), while there were no differences between the
AUROCs of CCTA and mCAD-LT. Best cut-off point of mCAD-LT
was 10, which yielded a sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) of, respectively,
86%, 50%, 42% and 89% and correctly classified 73 out of 120
(61%) patients. When the cohort was divided in the mCAD-LT
score terciles, patients in the highest tercile (nCAD-LT>11, n=33)
had 48% prevalence of significant stenoses, as compared with 29%
of patients in the intermediate tercile (nNCAD-LT 9-10, n=41) and
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. CACS CACS=0 CACS1-399 CACS=2400
patlfents that underwent ?oror)ary artery Variable (n=245) (n=53) (n=129) (n=63) VG
calcium score (CACS) as first-line coronary
artery disease assessment. Sex (male) 195 (80) 31(58) 110 (85) 54 (86) <.001

Age, years 61 (57-65) 58 (52-62) 62(57-66) 62 (58-66) .003
Aetiology (non mutually exclusive)
HCV 56 (23) 15(27) 34 (27) 7 (11) .016
Alcohol 123 (50) 16 (30) 62 (48) 46(73) <.001
MASLD 87 (36) 18 (33) 45 (35) 24 (38) .555
Indication
Decompensated 155 (63) 34 (62) 75 (59) 46 (73) 110
cirrhosis
Hepatocellular 75 (31) 11 (20) 50 (39) 14 (22) .545
carcinoma
BMI, kg/m? 28(25-31)  27(24-31) 29(25-31) 28(25-32) 917
Diabetes 113 (46) 23 (42) 60 (47) 30 (48) .615
Arterial hypertension 96 (39) 13 (24) 52 (40) 31 (49) 017
Dyslipidaemia 54 (22) 11 (20) 24 (19) 19 (30) 109
Active/previous smoking 157 (65) 27 (52) 88 (69) 49 (78) 012
Previous CVE 27 (11) 2(4) 10 (8) 15 (24) <.001
mCAD-LT score 9(8-11) 7.5 (6-10) 9(8-11) 10 (8-12) <.001

Abbreviations: BMI, body mass index; CVE, cardiovascular events; HCV, hepatitis C virus; MASLD,
metabolic dysfunction-associated steatotic liver disease; mCAD-LT score, modified coronary artery
disease in liver transplantation score.

TABLE 3 Variables associates with the
presence of significant lesions in patients
who underwent invasive coronary

No stenosis or
Stenosis>250%  stenosis <50%

angiography (ICA). Variable AllICAn=120 n=36 n=84 p-Value

Sex (male) 107 (89) 33(92) 74 (88) .75

Age 62 (58-66) 62 (59-66) 62 (57-66) .65

Diabetes 68 (57) 25 (69) 43(51) .066
Arterial hypertension 59 (49) 22 (61) 37 (44) .086
Active/previous smoking 92(77) 31 (86) 61 (73) 111
Tobacco pack-year 23 (4-44) 33 (10-45) 20 (0-37) .055
Previous CVE 27 (22) 9 (25) 18(21) 669
Previous ischaemic cardiac 9(7) 6(17) 3(4) .013

disease

Agaston score (n=97) 377 (97-760) 472 (96-866) 370 (84-684) 866
Agaston 2400 (n=97) 27 (28) 14 (30) 13 (2¢6) .821
mCAD-LT score 10 (8-12) 12 (10-14) 9(8-12) <.001

Abbreviations: CACS, coronary artery calcium score; CCTA, coronary computed tomography
angiography; CVE, cardiovascular events; mCAD-LT score, modified coronary artery disease in

liver transplantation score.

6% of patients in the lowest tercile (IMCAD-LT <9, n=46), p<.001.
Sensitivity, specificity, PPV and NPV of CACS2400 were 52%,
53%, 30% and 74%, correctly classifying 51 out of 99 (52%) pa-
tients. Sensitivity, specificity, PPV and NPV of CCTA were 100%,
31%, 34% and 100% and it correctly classified 26 out of 53 (49%)
patients. As stated above, very few patients without significant
lesions at CCTA underwent ICA. Importantly, ICA discarded sig-
nificant lesions in all these patients.

3.4 | Prediction of post-transplant
cardiovascular events

From the whole cohort of 634 candidates, 351 underwent LT during
the study period (Figure 2). The characteristics of LT recipients are
shown in Table 4. After a median follow-up of 38 (24-54) months,
54 (15.4%) patients presented a CVE. Most CVE were new-onset
arrhythmia (n=20, 37%), followed by ACS (n=11, 20.4%) and heart
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failure (n=8, 14.8%). Seven patients (12.9%) were diagnosed with
cerebrovascular disease, 6 (11.1%) with peripheral arteriopathy and
2 (3.7%) had sudden death.

The uni- and multivariate analysis of variables associated with
the incidence of CVE after LT are shown in Table 5. In multivariate
analysis, both mCAD-LT score and CACS2400 were independent
predictors of post-LT CVE, as was undergoing stress test as first-line
CAD screening test. The cumulative incidence of 2-year post-LT CVE
according to first-line CAD screening test with categorized CACS,
and to mCAD-LT tertiles is shown in Figure 3.

In the subgroup of LT recipients with underwent CCTA (n=75), ste-
nosis 250% (coronary artery disease-reporting and data system [CAD-
RADS] = 3) was associated at univariate analysis with CVE (p=.038, HR
4.455, 95% Cl 1.087-19.054) (Figure S1). Similarly, in the 60 LT recip-
ients with pre-LT ICA, significant stenosis (n=14) was at the limit of
significance (p=.07, HR 2.410, 95% Cl .932-6.232). However, among
these, receiving stent (n=4) was not associated with a different risk of
post-LT CVE (p=.733, HR .683, 95% ClI .076-6.125).

TABLE 4 Characteristics of the 351 patients who underwent
liver transplant (LT).

Variable n=351
Sex (male) 241 (67)
Age, years 59 (52-63)
Aetiology (no exclusive)

HCV 94 (27)

Alcohol 117 (33)

MASLD 59 (17)
Indication

Decompensated cirrhosis 160 (46)

Hepatocellular carcinoma 112 (32)
MELD score at LT 18 (10-22)
Creatinine (mg/dl) at LT .99 (.77-1.31)
eGFR (mL/min/1.73m?) at LT 80 (58-90)
BMI, kg/m? 26 (23-30)
Diabetes 98 (28)
Arterial hypertension 88 (25)
Dyslipidaemia 52 (15)
Active/previous smoking 168 (48)

Previous CVE 24(7)

mCAD-LT score 7 (5-10)
First-line CAD screening group
No extra test 182 (52)
CACS 117 (33)
Stress test 52 (15)

Abbreviations: BMI, body mass index; CACS, coronary artery calcium
score; CVE, cardiovascular events; eGFR, estimated glomerular
filtration rate; HCV, hepatitis C virus; MASLD, metabolic-associated
steatotic liver disease; mCAD-LT score, modified coronary artery
disease in liver transplantation score; MELD, model for end-stage liver
disease.

For the prediction of post-LT CVE, the sensitivity, specificity, PPV
and NPV of mCAD-LT=10 were 48%, 79%, 30% and 89%, while the
same characteristics were 52%, 84% 44% and 88% for CACS=400
and 62%, 75%, 23% and 94% for CCTA.

The univariate Cox regression analysis of variables associated
with the incidence of post-LT ASCVD-related CVE are shown in
Table S1. On adjusted analyses, CACS 2400 and undergoing stress
test as first-line CAD screening test remained predictors of post-LT
ASCVD-CVE, while mCAD-LT was not (p=.102). Table S2 shows the
characteristics of the 11 patient that had ACS after LT.

4 | DISCUSSION

The potential role of CACS/CCTA in the detection of CAD in LT can-
didates has been suggested by several studies?>?¢ that also raised
concerns regarding their accuracy in this population. In our co-
hort, the largest proportion of patients had coronary calcifications
(CACS>0). Among these, however, the prevalence of significant
stenoses in ICA was low, and it was not predicted by the Agatston
score, that showed an AUROC of .512. Even in patients with sus-
pected significant lesions in CCTA, the presence of significant le-
sions in ICA was 34%. The low specificity is a well-known limitation
of CCTA that is not unique to LT candidates and that, importantly,
depends on the pre-test probability of CAD. In the general popula-
tion with stable angina (higher expected probability of CAD), 78%
specificity and 97% sensitivity of CCTA have been reported.27'28
Differently, ours is an asymptomatic population with 30% pre-test
probability of CAD and in whom screening aims at identifying pa-
tients at risk to select those to undergo ICA. In this setting, assuming
a low specificity (thus performing ICA in patients without significant
CAD) is probably more clinically acceptable than a low sensitivity
(discarding ICA in patients that eventually have significant CAD). In
the general population, a negative CCTA of sufficient quality virtu-
ally rules out obstructive CAD and significantly reduces unneces-
sary invasive procedures. Indeed, in our cohort, among patients who
underwent CCTA and ICA, sensitivity and NPV were 100%. It needs
to be highlighted, however, that ours is a clinical practice protocol in
which patients without significant CAD at CCTA were not supposed
to undergo ICA, and those patients that underwent ICA without
significant CAD at CCTA had inconclusive lesions or at the limit of
significance, thus a full picture of the diagnostic capacity of CCTA
cannot be given. Finally, we set the threshold of significant CAD at
CCTA at 50% precisely in order to increase sensitivity and not miss
patients with significant disease at ICA. Increasing the cut-off at 70%
may have increased specificity, as shown in other populations,29 but
at the potential cost of missing patients with significant disease. In
addition, future prospective studies are needed to address whether
the combination of CT-based risks and clinical scores, or the addition
of technical improvements such as the non-invasive measurement of
FFRin CCTA,*Cresultin improved stratification of patients. Similarly,
it must be stressed that CACS and CCTA also provide other advan-
tages over clinical scores, including depicting coronary anatomy for
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TABLE 5 Uni- and multivariate Cox regression analysis of pre-transplant variables associated with the cumulative incidence of
cardiovascular events among liver transplant (LT) recipients.

Variable

Age, per year
Sex (ref=female)
MASLD
Alcohol
HCV
MELD
Creatinine levels, per mg/dl
eGFR, per mL/min/1.73m?
BMI, per kg/m?
Diabetes
Arterial hypertension
Dyslipidaemia
Smoking habit (ref=never smoker)
Former smoker
Current smoker
Cumulative tobacco (pack-year)
Previous CVE
mCAD-LT score
Time era (ref=2015-2017)

First-line CAD screening group with categorized CACS

(ref=no extra test)
CACS O
CACS 1-399
Stress test

CACS =400

HR (95% ClI) univariate

1.074 (1.027-1.122)
1.705 (.814-3.573)
962 (.426-2.169)
2.404 (1.301-4.441)
.978 (.490-1.952)
1.012(.975-1.051)
.993(.918-1.073)
.991 (.980-1.003)
1.106 (1.031-1.186)
2.314 (1.252-4.275)
1.594 (.836-3.039)
1.155 (.512-2.606)

2.033 (.887-4.654)
.870(.368-2.058)
1.009 (.997-1.021)
2.809 (1.245-6.337)
1.173 (1.093-1.259)
.640 (.375-1.093)

1.507 (.433-5.244)
1.572 (.660-3.748)
4.522 (2.228-9.175)
6.652 (3.075-14.392)

HR (95% Cl)

p (uni) multivariate p (multi)
.002 - -
157 = =
925 - -
.005 1.069 (.590-1.939) .825
.950 - -
.532 = =
.854 - -
132 = =
.005 1.037 (.967-1.111) .308
.007 = =
157 - -
728 = =
.011 - 417
.094 1.405 (.734-2.693) .305
751 .878(.356-2.167) 778
135 = =
.013 - -

<.001 1.089 (1.004-1.187) .045
102 - -

<.001 = .005
.519 1.197 (.334-4.288) .782
.307 903 (.346-2.353) .834
.001 2.546(1.178-5.500) .017

<.001 3.853(1.583-9.377) .003

Note: Age, diabetes and previous CVE (that include CAD) were not included in multivariate analysis as they are incorporated in mCAD-LT score.

Abbreviations: BMI, body mass index; CACS, coronary artery calcification score; CAD, coronary artery disease; CVE, cardiovascular events; eGFR,
estimated glomerular filtration rate; HCV, hepatitis C virus; MASLD, metabolic dysfunction-associated steatotic liver disease; mCAD-LT score,

modified coronary artery disease in liver transplantation score; MELD, model for end-stage liver disease.

ICA and showing the burden of high-risk plaque that tend to be non-
calcified. Finally, as shown above, the ability of CCTA to discard sig-
nificant CAD is a meaningful asset and permits to avoid a number of
unnecessary ICA.

The CAD-LT score is a clinical risk score that was significantly
associated in the original publication, comprising a large cohort of
LT candidates that underwent ICA, with the presence of significant
CAD.' In our population, a modification of the CAD-LT score cor-
rectly classified 61% of patients according to the presence or ab-
sence of significant CAD. Although our study is the first that tests a
CAD-LT derived score in assessing the presence of significant CAD
in LT candidates, we acknowledge that we did not perform a for-
mal validation of the CAD-LT score. First, we did not include family
history of CAD, as this feature was not properly registered in our
cohort. Indeed, it is not infrequent that family history of CAD is
poorly recorded in electronic medical records.®! Second, the path
along which patients arrived to ICA was different in our cohort with

respect to the original study: while our patients were selected ac-
cording to non-invasive techniques (thus the prevalence of signif-
icant CAD was 30%), Rachwan, Kutkut et al performed a nearly
‘all-comers’ approach with a prevalence of 16% of significant CAD.
However, we believe these results help to indirectly validate the
CAD-LT score as a useful tool in the assessment of LT candidates.
Indeed, this is supported by its capacity to predict post-LT CVE, also
shown by a recent study.? Our findings can be clinically relevant,
particularly in settings where CT-based techniques are not widely
available, or when assessing patients, such as those with acute-on-
chronic liver failure (ACLF), in whom an expedite and rapid evalua-
tion is necessary and performing ICA after a non-invasive technique
may result in significant delay.

Previous studies in LT candidates suggest that either CCTA
findings or a high CACS may identify patients at highest risk of
CVE.®®%¢ |n our study, that included one of the largest cohorts
of LT recipients with CACS, we also observed an independent
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FIGURE 3 Two-year post-liver transplant (LT) cumulative probability of a first cardiovascular event (CVE) according to first-line coronary
artery disease assessment test, with coronary artery calcium score (CACS) categorized (A); and to the pre-LT mCAD-LT tertile (B).

association between pre-LT CACS and post-LT CVE, which were
particularly incident in patients with CACS2400. At univariate
analysis, significant stenoses in CCTA were also associated with
CVE (Figure S1), similar to recent studies that evaluated CCTA find-
ings according to the CAD-RADS system.®” The lower number of
recipients with CCTA, however, did not allow us to perform ad-
justed analyses. Interestingly, as reported in the literature, most
CVE were not ACS. While this may be related to the therapeu-
tic procedures directed to manage CAD, it also possibly reflects
the capacity of CACS and CCTA to define the burden of athero-
sclerosis as a systemic disease, further than CAD.%® Indeed, this
highlights its potential as a tool to adapt the intensity of post-LT
interventions to mitigate the risk of CVE.

In clinical practice, our results would suggest that both pre-LT
CT-based tests and mCAD-LT may help tailor the intensity of post-LT
therapeutic interventions on CVR. Specifically, patients with pre-LT

CACS2400, high mCAD-LT/CAD-LT score or significant stenosis in
CCTA would require a focused intense management, including ex-
quisite control of blood pressure,39 early use of statins®® and careful
weight management.** With regard to immunosuppressant treat-
ment, more studies are needed to evaluate the impact of different
immunosuppressive regimens in the risk of CVE and progression of
atherosclerosis.*>*® Although this was not the purpose of the study,
undergoing stress test as first-line CAD screening test was also as-
sociated with a higher risk of CVE, likely reflecting baseline risk of
these patients as shown in Table 1.

We also contribute to the literature regarding ICA in patients
with cirrhosis. In line with other data,** we found ICA to be overall
safer than what may be expected. We used a radial approach to min-
imize risks, and interventions were performed by cardiologists with
expertise in procedures in patients with cirrhosis. In addition, some
patients received second-generation drug-eluting stents, which
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should be considered of choice in this population as they permit a
shorter period of DAPT if needed.*>*%

Our study has limitations, including the retrospective design
that, as mentioned above, did not permit us to assess the original
CAD-LT score. In addition, we evaluated our own clinical practice
protocol with its specific criteria to guide the different screening
tests, which may not be applicable to other centres. In particular,
we do not perform CCTA neither patients with CACS=0, as absence
of calcified atherosclerosis is associated with extremely good CV
outcomes (even if it does not exclude non-calcified atherosclerosis),
nor in patients with CACS2400, as the high calcification interferes
CCTA. Nevertheless, CCTA can be performed even in patients with
very high CACS. Finally, a validation cohort would have been ideal
to confirm our results. On the other hand, the fact that we included
a large cohort, comprising not only actual LT recipients or waitlisted
patients but all patients considered for LT, is a significant strength.
Indeed, the large cohort studied permitted us to describe the pre-LT
diagnostic characteristics of imaging and clinical tests, and also to
evaluate their accuracy to predict post-LT CVE in a real-life, clinical
practice setting. In addition, this is the first study that compares in
the same cohort CT-based tests and a novel clinical score (with a
slight modification) that had no external validation to date. Finally,
the type of post-LT CVE included in the different studies is contro-
versial. For this reason, we performed a subanalysis on ASCV-CVE,
excluding arrhythmia and heart failure.

In conclusion, our study shows that mCAD-LT score and CT-
based coronary tests identify LT candidates with significant CAD,
but they all tend to overestimate its presence. While this is prob-
ably acceptable considering the aim of CAD screening in LT can-
didates, further efforts are necessary to optimize such screening.
Furthermore, both mCAD-LT score and CT-based tests predict
post-LT CVE and can consequently be used to improve the clinical

management of CVR after LT.
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