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Abstract

Objectives To assess the coronary atherosclerosis profile by coronary computed tomography angiography (CTA) in patients with

end-stage liver disease (ESLD) due to alcohol-related liver disease (ARLD) evaluated for liver transplantation (LT), in a

retrospective matched case-controlled cohort study.

Methods One hundred forty patients (age 60.6 years £9.8, 20.7% females) who underwent coronary CTA were included.

Seventy patients with ESLD due to ARLD (ESLD-alc) were propensity score (1:1) matched for age, gender, and the

major 5 cardiovascular risk factors with healthy controls. CTA analysis included the following: stenosis severity ac-

cording to CAD-RADS as (0) =no, (1) minimal <25%, (2) mild 25-50%, (3) moderate 50-70%, and (4) severe > 70%

stenosis, total mixed plaque burden weighted for non-calcified component (G-score) and high-risk plaque criteria

(Napkin-Ring, low attenuation plaque, spotty calcification, positive remodeling).

Results Prevalence of coronary artery disease (CAD) was high (84.4%) in the ESLD-alc group but similar to controls. Stenosis

severity was similar (CAD-RADS, 1.9 vs. 2.2, p=0.289). High-grade stenosis (> 70%) was observed in 12.5% of ESLD-alc

patients. High-risk plaques were less frequent in the ESLD-alc cohort as compared to controls (4.5% vs. 37.5%, p < 0.001), and

total mixed plaque burden was lower (G-score, 4.9 versus 7.4, p = 0.001). Plaque density was lower in controls (56.6HU £ 3.2 vs.

91.3HU +4.5, p =0.007) indicating more lipid-rich in controls, but higher mixed fibro-calcific plaque component in those with

alcohol-related ESLD.

Conclusion Patients with alcohol-related ESLD exhibit more mixed fibro-calcified plaques but less plaque with high-risk features

and less fibro-fatty plaque burden, while total CAD prevalence is high.

Key Points

* Patients with ESLD prior to LT have a high total prevalence of CAD and stenosis severity, which is similar to those of healthy
controls with an identical cardiovascular risk profile.

* Patients with ESLD prior to LT due to alcohol abuse have more calcific but less fibro-fatty plaque and less high-risk plaque.

* CTA seems to be a useful imaging technique for risk stratification prior to LT.
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Abbreviations

ACS Acute coronary syndrome
AHA American Heart Association
ARLD Alcohol-related liver disease

AU Agatston units

BMI Body mass index

CABG Coronary artery bypass graft

CAD Coronary artery disease

CAD-RADS Coronary Artery Disease—Reporting and Data
System

CCS Coronary calcium score

cMPR Curved multiplanar reformations

CRP C-reactive protein

CTA Computed tomography angiography

CVD Cardiovascular disease

EF Ejection fraction

ESLD End-stage liver disease

GFR Glomerular filtration rate

HR Hazard ratio

HU Hounsfield units

INR International normalized ratio
LAP Low attenuating plaque

LT Liver transplantation

LVEF Left ventricular ejection fraction
MACE Major adverse cardiac event
MELD Model for end-stage liver disease
NRS Napkin-ring sign

NCP Non-calcified plaque

RI Remodeling index

ROI Region of interest

SD Standard deviation
Introduction

Cardiac complications are a frequent cause of death after liver
transplantation (LT) [1]. Therefore, preoperative cardiac risk
stratification is needed in patients, who are listed for LT. It
seems that coronary calcium score (CCS) [2] and coronary
computed tomographic angiography (CTA) are safe and use-
ful tools for this task [3].

It is known that moderate amounts of alcohol have protec-
tive effects on coronary artery disease (CAD) [4]. Heavy
drinking may adversely affect the cardiovascular system, but
there is controversy in the literature [5, 6]. Patients with end-
stage liver disease (ESLD) due to excessive alcohol consump-
tion form a large cohort of all LT patients. The direct effects of
excessive alcohol consumption on the coronary atherosclero-
sis profile in these patients prior to liver transplantation have
not yet been investigated in a study using coronary computed
tomography angiography (CTA).

Coronary CTA is a highly accurate quantification tool for
coronary atherosclerosis in terms of stenosis severity (CAD-

RADS) [7] and total (including non-calcified and mixed)
plaque burden, and enables the characterization of “high-risk”
vulnerable plaque features, such as the napkin-ring sign
(NRS), low attenuation fibro-fatty plaque (LAP), spotty calci-
fication, and positive remodeling. These “high-risk” plaque
markers have recently emerged as indicators for increased risk
of major cardiovascular events (MACEs) [8-10].

Therefore, the purpose of our study was to investigate cor-
onary atherosclerosis characteristics in patients with ESLD
due to alcohol-related liver disease (ARLD) and a document-
ed history of alcohol abuse (ESLD-alc) [11], in a retrospective
matched case control cohort study.

Methods
Study population

All patients with ESDL referred for CAD screening prior to
LT were extracted from our coronary CTA database
consisting of patients referred to coronary CTA between
2006 and 2016. Then, patients with a history of an alcohol
use disorder [12] documented in hospital information system
were included into the “ESLD-alc” group. Those were pro-
pensity score (1:1) matched with non-regular alcohol drinking
individuals without known liver disease.

Conventional coronary risk factors according to standard-
ized European Society of Cardiology (ESC) criteria were col-
lected: arterial hypertension (systolic blood pressure
> 140 mmHg or diastolic blood pressure > 90 mmHg), dyslip-
idemia (total cholesterol >200 mg/dl or HDL <40 mg/dl),
family history (myocardial infarct or sudden cardiac death in
an immediate male relative < 55 years or female < 65 years),
smoker (current or quit within the last 6 months), and diabetes.

The new model for end-stage liver disease (MELD) score
was calculated as follows: 9.57 x In (creatinine mg/dl) +
3.78 x In (total bilirubin mg/dl) + 11.2 x In (INR) + 6.43,
[11]. The Child-Pugh Stadium was recorded and classified
into classes A, B, and C.

Inclusion criteria
ESLD-alc group

» Evidence of alcohol abuse reported during psychiatric LT
evaluation and/or liver histopathology (Mallory Weiss
bodies).

*  Meeting ESLD criteria [11] and fulfilling criteria for LT
listing (MELD > 15 or clinical signs of decompensated
liver cirrhosis like refractory ascites, hepatic encephalop-
athy, sarcopenia). Diagnosis of ARLD was made accord-
ing to the current European guidelines [13].

»  All patients were evaluated prior to LT.
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Control group

» Patients denied alcohol consumption by a questionnaire
prior to CTA exam, or reported non-regular occasional
drinking of maximum 1 glass of an alcoholic beverage
maximal once per week.

*  Normal liver enzymes.

Exclusion criteria for coronary CTA

* Renal dysfunction (GFR < 30 ml/min)

* Previous coronary artery bypass grafting (CABG) grafting

* Current acute coronary syndrome (ACS) or unstable
angina

» Severe aortic stenosis

Coronary computed tomography

Coronary computed tomography angiography Non-contrast
ECG-gated CCS with standardized scan parameters (detector
collimation 64 x 1.5 mm; 120 kV) was performed. The
Agatston Score was calculated [14]. Then, coronary CTA
was performed with a retrospectively ECG-gated 64-slice
CTA (GE Healthcare or Siemens Somatom Sensation 64)
from 2005 to 2009, and from 2010 onwards with a 128-slice
dual source CTA (Definition FLASH, Siemens) with a detector
collimation of 2 x 64 X 0.6 mm, a z-flying spot of 64 x
0.6 mm, and a rotation time of 0.28 s. Prospective ECG trig-
gering was used in regular heart rates <65 bpm (diastolic
padding, 70% of RR interval); in heart rates > 65 bpm and
irregular heart rhythm, retrospective ECG-gating was applied.

An iodine contrast agent (iopromide, Ultravist 370, Bayer
Pharma AG) was injected intravenously (flow rate 4-6 ml/s
followed by 40-ml saline chaser), triggered into arterial phase
(bolus tracking; 100 HU threshold; ascending aorta). Contrast
volume ranged from 65 to 120 ml, and was adjusted to the
individual patient characteristics using a standardized scheme.
Axial images were reconstructed with 0.75-mm slice width
(increment 0.4/medium-smooth kernel B26f) during best dia-
stolic and systolic phase. The same CT protocol was used for
both groups.

CTA image analysis Curved multiplanar reformations
(cMPRs) and oblique interactive MPR of all vessels using 3-
D post-processing software (SyngoVia™, Siemens
Healthineers) were generated:

1) Coronary stenosis severity was scored as follows: mini-

mal < 25%, mild <25-49%, intermediate 50-69%, or se-
vere > 70% according to CAD-RADS [15] per coronary
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segment (American Heart Association (AHA)-modified-
16-segment classification) [16].

2) The coronary plaque types were characterized as: calci-
fied (T1), mixed (dominantly calcified > non-calcified)
(T2), mixed (dominantly non-calcified > calcified) (T3),
non-calcified (T4) per coronary segment. Calcified and
non-calcified plaque components were defined as hyper-
and hypoattenuating lesions with > and < 150 HU [10].
The G-score [17] (= sum of plaque types T1-T4 for each
segment), as radiologic marker for an increased non-
calcifying plaque burden, per coronary segment (AHA-
modified-16-segment classification) was calculated.

3) Quantitative High-risk plaque (HRP) analysis [8]

* Non-calcified plaqgue (NCP) was defined as being
hypodense as compared to vessel lumen, < 150 HU [18].
CT density was screened by utilizing “pixel-lens” [16] and
the minimal HU was recorded. Then, an area ROI was
placed into the lowest density plaque area, and drawn as
large as possible, while sparing areas affected by artifacts.

*  Low attenuation plagque (LAP)<60HU was defined as
fibro-fatty plaque and regarded as HRP criterion [10].

*  Napkin-ring sign (NRS) was defined as hyperdense rim
surrounding a hypodense plaque core [9].

»  Spotty calcification was defined as calcification < 3-mm
size within a NCP.

*  The remodeling index (RI) was calculated as the ratio of
the maximal cross-sectional vessel diameter including the
plaque and the lumen, and its closest proximal (or in ostial
lesions distal) normal reference vessel lumen diameter. An
RI was defined as positive if > 1.1.

If a patient had multiple lesions, all lesions were quantified
separately and counted.

A high-risk plaque was defined as such: if a minimum of 2
of 4 criteria were present [10].

Coronary CTA image analysis was performed by one ob-
server (> 10 years’ experience) and a second independent ob-
server with >6 months of training. Consensus reading was
obtained.

Statistical analysis

Statistical analysis was performed using IBM SSPS™ soft-
ware (V 25.0, IBM Corporation). Propensity score matching
was performed by 1:1 method for age, gender, body mass
index (BMI), and the major 5 risk factors (arterial hyperten-
sion, smoking, positive family history, dyslipidemia, and
diabetes).

Quantitative variables were expressed as mean =+ standard
deviation (SD); categorical variables reported as absolute
values and percentages. Normal distribution was tested with
Kolmogorov-Smirnov test.
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Mean differences between parametric data were tested by
using the appropriate tests according to their distribution (¢ test
for normally, and Mann-Whitney U for non-normally distrib-
uted and rank-scale data such as G-score, segment involve-
ment score, CAD-RADS, and CCS). Differences in categori-
cal data (gender, coronary risk factors, prevalence of CAD,
CAD-RADS 0-4, high-risk plaque) between groups were de-
termined with chi-square or Fisher’s exact test (if n <5 per
group). A p value of less than 0.05 was considered significant.

Results

A total of 488 patients with ESLD listed for LT were extracted
from our coronary CTA database consisting of 9988 patients.
Then, those patients with a history of alcohol abuse were
selected (n=97) and propensity score matched 1:1 with pa-
tients from our database consisting of 4400 patients, who de-
nied regular alcohol consumption. Seventy-two patients with
ESLD due to alcohol abuse could be matched and were en-
rolled. Two patients from each group were excluded; due to
either inadequate CT image quality (n =2) (high image noise
or motion artifacts), or other exclusion criteria (severe aortic
stenosis (7 = 1) or previous CABG grafting (n=1)).

In total, 140 patients (70 with ESLD-alc and 70 controls)
were included. Sixty-four underwent both coronary CTA and
CCS. In 6 patients, only CCS was performed due to renal
dysfunction.

Demographic and clinical characteristic are shown in
Table 1. There was no significant difference with regard to
age, gender, and the major five cardiovascular risk factors.
The prevalence of previous acute renal injury was higher in
ESLD as compared to controls. Left ventricular ejection frac-
tion (LVEF) was normal in both groups; none of the subjects
had severe heart failure with a LVEF of less than 35%.

Table 2 shows coronary CTA results. Prevalence of CAD,
defined as presence of plaque, was high but comparable be-
tween the ESLD-alc group and controls (84.4% vs. 87.5%), as
well as stenosis severity (CAD-RADS), which was similar
between the two groups (1.9 vs. 2.2, p=0.289). The preva-
lence of high-grade > 70% stenosis was 12.5% in ESLD-alc
patients and did not differ significantly from controls.

Figure 1 shows the coronary CTA of a former drinker with
ESLD and large vessel size even at side branch and septal
branch level, indicative of vasodilatory effects, and minimal
plaque burden (high-density fibrous plaque). Figure 2 presents
a patient with high calcium score, who quitted drinking 2 years
ago.

Total mixed plaque burden was lower in patients with
ESLD due to prior alcohol abuse (G-score: mean 4.9 vs. 7.4,
p=0.001). Figure 1 shows a patient with ESLD, low plaque
burden, and a CCS of zero. Figure 2 illustrates a case of ESLD
with high exclusively, calcified plaque burden.
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Table 1 Study cohort
ESLD-alc CR p value
N=64 N=64
Age (years) 60.8+9 60.5+10 0.850
Females 8 (12.5%) 9 (14.1%) >0.999
BMI kg/m? 263 (£37) 264 (£43) 0.609
Arterial HT 57 (89%) 60 (93.7%) 0.528
Smoking 36 (56.2%) 34 (53.1%) 0.859
Positive FH 2 (3.1%) 3 (4.6%) >0.999
Dyslipidemia 7 (10.9%) 8 (12.5%) >0.999
Diabetes 9 (14.0%) 8 (12.5%) >0.999
MELD score 15.7£6.0
Child-Pugh stage
A 9 (14.1%)
B 34 (53.1%)
C 21 (32.8%)
Previous acute renal injury 12 (18.7%) 0 (0%)
LV EF % 59.9+6.1 63.6+12.8
EF <35% 0 (0%) 0 (0%) ns.

Abbreviations: EF = ejection fraction. LV = left ventricle. MELD = model
for end-stage liver disease. HAT = hypertension. F'H = family history.
BMI =body mass index. n.s. = non-significant

High-risk plaques were markedly less common in the
ESLD-alc group as compared to controls (4.5% vs. 37.5%,
p<0.001). Also the total number of high-risk plaques was
lower (Fig. 3).

Plaque density was lower in controls as compared to the
ESLD-alc group (56.6 HU+£3.2 vs. 91.3 £4.5), indicting
more dense mixed fibro-calcific plaque burden in patients
with alcoholic ESLD.

CCS was higher in ESLD patients (132.8 vs. 72.9 AU, p =
0.673) but the difference did not reach statistical significance.
The prevalence of non-calcified plaques in patients with a
CCS of zero was similar between the two groups but reached
30.7% in ESLD.

Discussion

Our study shows lower non-calcified fibroatheroma and less
high-risk plaque burden, but a trend to higher denser mixed
calcified coronary plaque in patients with alcohol-related end-
stage liver disease (ESLD-alc), as compared to a matched
cohort without liver disease and without alcohol consumption
but an identical CV risk profile.

However, total prevalence of CAD was high and similar
between both groups. The reasons for our findings could be
explained as follows.
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Table 2 Coronary atherosclerosis

profile by coronary CTA: 140 ESLD-alc controls p value
patients (n = 128 with CTA and N=64 N=64
CCS, n = 12 with coronary
calcium score (CCS) only) CAD n (%) 54 (84.4%) 56 (87.5%)* 0.465*
CAD-RADS 1-2 32 35
CAD-RADS 3 13 10
CAD-RADS 4 8 (12.5%) 12 (18.7%)
CAD-RADS 2(IQR 1) 2 (IQR 2) 0.289%*
G-score 8 (IQR7) 4 (IQR 7) 0.001%*
HRP n (%) * 5 (4.5%) 24 (37.5%) <0.001*
#HRP total (n) 6 35 <0.001*
LAP density (HU) 91.3+4.5 56.6+3.2 0.007#%*
Coronary Calcium Score (AU) 107 (IQR 1046) 95 (IQR 403) 0.673%%*
N=170
NCP in Calcium Score zero 4/13 (30.7%) 10/17 (58.8%) 0.551*

Abbreviations: LAP =low attenuation plaque. NCP =non-calcified plaque. AU = Agatston Units. N = counts.
HU =Hounsfield Units. ESLD-alc = end-stage liver disease due to alcohol consumption

*per patient. #HRP = number of HRP. *Chi-square; **Mann-Whitney U (non-parametric); ***independent # test
Counts are displayed as numbers (N). For CADRADS, G-score, and CCS, the median and IQR (interquartile

range) are shown

None of the patients with ESLD was actively and exces-
sively drinking alcohol at the time of coronary CTA, since
they were evaluated for LT and had to be abstinent for a
minimum of 6 months, in order to be listed for surgery. This
may partially explain the lack of high-risk plaque as an indi-
cator for plaque inflammation. Laboratory pro-inflammatory
parameters, which are usually increased during episodes of
long-term active excessive drinking, will most likely down-
regulate after cessation of active drinking. The distinct athero-
sclerosis profile (with more calcific plaque) may be also relate
to other pathways driving coronary calcification: Transient or
chronic kidney dysfunction is common in ESLD, which en-
hances coronary calcification. Repeated episodes of arterial
hypertension during heavy drinking as well most likely stim-
ulate calcification progression.

While data on CAD burden in ESLD patients are sparse,
there are some studies in patients with liver disease indicating
the following trends.

Both steatosis and cirrhosis of the liver have been linked to
a higher CAD burden, especially to a higher calcified plaque
burden [19, 20]: In 2028 patients with steatosis, a liver atten-
uation of < 54 HU was associated with obstructive CAD, in-
dependently of conventional cardiac risk factors. The severity
of coronary calcification was associated with the severity of
fatty liver [19].

In a smaller cohort of only 52 patients [20] with cirrhosis of
all Child-Pugh stadiums, a high CAD prevalence (77%) was
found, which is comparable to the results in our cohort. CCS
and severity of CAD in terms of vessel involvement as well as
the volumes of non-calcified and calcified plaques were
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higher [20]. In contrast to our work, this study [20] consisted
of a small heterogeneous cohort of patients with cirrhosis of
varying etiology.

However, until now, no study has analyzed the coronary
artery disease profile a specific cohort of patients with severe
ESLD due to ARLD.

As novelty, we analyzed high-risk plaque criteria [7-10],
while previous studies enrolled patients with ESLD of varying
etiologies, and mainly calculated only the CCS [21]. CCS is a
less sensitive and less accurate method for defining the coro-
nary atherosclerosis profile as opposed to coronary CTA:
Coronary CTA allows for stratification of coronary stenosis
severity (CAD-RADS), total mixed plaque burden, and
plaque morphology characterization, including the detection
of “high-risk” plaque criteria [18].

The effect of alcohol consumption on heart diseases is con-
troversially discussed in the literature. While the protective
effects of moderate amounts of alcohol on coronary heart dis-
ease outcomes have been well studied in epidemiological tri-
als [4], heavy drinking has been associated with increased risk
of heart failure [22] due to higher left ventricular remodeling
and mass [23].

In a recent meta-analysis, even higher amounts of alcohol
(>7 drinks/day) improved outcomes in patients with heart
failure [5]. However, in another meta-analysis (13 prospective
studies, 355,804 participants) [24], light alcohol drinking (<7
drinks/week) was inversely associated with risk of heart fail-
ure, while no statistically significant association between
moderate (7—14 drinks/week), high (> 14 drinks/week), or
heavy (>28 drinks/week) alcohol consumption and heart
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Fig. 1 A 64-year-old male with
one risk factor (arterial
hypertension) and ESLD due to
alcohol-related liver disease. CTA
shows a small non-calcified
plaque in the proximal LAD
(arrow) with a high plaque density
(HU 80-90) and minimal stenosis
(CAD-RADS 1). Calcium score
was zero. VRT (left) and cMRP
(right) of the RCA; LAD and CX

> 2w
g

failure was found. Former drinking was associated with an
increased risk of heart failure compared with never or occa-
sional drinking [24].

In a recent meta-analysis [6] including 599,912 current
drinkers, alcohol consumption was roughly linearly associated
with a higher risk of stroke (hazard ratio (HR) per 100 g per
week higher consumption 1.14), coronary disease excluding
myocardial infarction (HR 1.06), and heart failure (HR 1.09)
[6].

By contrast, increased alcohol consumption was log-
linearly associated with a lower risk of myocardial infarction
(HR 0.94). In comparison to those who reported drinking
>0-<100 g alcohol per week, patients who drank more
(>100—-<200 g per week, >200-<350 g per week, or >

350 g per week) had lower life expectancy at age 40 of approx-
imately 6 months (and 1-2 years, or 4-5 years, respectively).
Studies investigating the effect of alcohol on cardiovascu-
lar outcomes have shown varying results, pending on which
cohorts were enrolled (patients with heart failure or healthy
patients) and which endpoints were used. On a physiological
level, there may be beneficial effects from antioxidants (e.g.,
resveratrol from red wine) and from vasodilatative effects.
Hence, different types of alcohol may be more or less benefi-
cial on the cardiovascular system. However, high levels of
alcohol consumption increase blood pressure and high endo-
thelial sheer act pro-atherogenic and stimulate the calcification
process. Further, toxic interactions could also act pro-
atherogenic by inducing pro-inflammatory pathways.
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Fig. 2 A 57-year-old-male with 1
risk factor (arterial hypertension)
and ESLD due to alcohol-related
liver disease. CTA was performed
2 years after quitting alcohol
abuse prior to liver
transplantation. MELD score was
12, and Child-Pugh Stadium B
and several episodes of liver
decompensations were recorded.
Cardiac Calcium Score was high
with 527 AU. CTA showed
multiple calcified plaques in the
RCA; LAD and CX with less than
50% stenosis (CAD-RADS 2).
VRT (left) and cMRP (right) of
RCA; LAD and CX with multiple
calcified but no high-risk plaque

™
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>
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»
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There is scientific evidence from epidemiologic studies
(Women’s Health Study, 26,000 participants) proving that
alcohol consumption is an independent predictor of cardiovas-
cular events [4], with a J-shape (dose-dependent) association
between alcohol consumption and incident cardiovascular dis-
ease (CVD) and CVD mortality. Cardioprotective effects are
supposed to be modulated with anti-inflammatory mecha-
nisms although those mechanisms have never been fully un-
derstood [4].

However, inflammatory and hemostatic factors such as C-
reactive protein (CRP), soluble intracellular adhesion

@ Springer

srae%ve,

molecule-1, and fibrinogen were 21% lower in moderate al-
cohol drinkers (5-14.9 g/day) and 13% lower in heavy
drinkers (> 15 g/day) compared to abstainers or occasional
consumers of alcohol. Bektas et al. confirmed the absence of
“inflammatory” stages of atherosclerosis [4]. This is in line
with our findings, with regard to the low incidence of high-
risk plaque features.

As a result, non-calcified lipid-rich plaque was found less
often in drinkers as compared to “healthy” controls.
Nonetheless, and surprisingly, about one third (30.7%) of pa-
tients with CCS zero had non-calcifying plaque by CTA. This
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Fig. 3 A 47-year-old-male, 1 risk
factor (arterial hypertension) who
denied ever drinking alcohol
(control group). Low coronary
calcium score (4.1 Agatston
Units) but high non-calcified
plaque burden (LM and LAD,
white arrow) with a high-risk
plaque in the proximal LAD with
low attenuation (44 HU) and
napkin-ring sign (inlay, outer
hyperdense rim)

finding does not support using CCS for risk stratification prior
to LT.

On one hand, other comorbidities related to advanced
stages of liver disease may contribute to increased coronary
calcium, such as renal dysfunction. On the other hand, in-
creased estrogen levels in patients with ESLD may have rather
protective effects on atherogenesis.

We did not find a higher prevalence of signs of plaque
inflammation (high-risk plaque criteria) in our populations.
This may be explained by the fact that our patients quit drink-
ing before coronary CTA as they were evaluated for LT. Thus,
there were no “active” heavy drinkers at the time of coronary
CTA, in contrast to the meta-analysis on “active’ high alcohol
consumption [6]. High-risk plaques detected by coronary
CTA are predictors of adverse outcome in terms of both
MACE [25] and vessel-specific ischemia [26, 27].

Interestingly, a novel study published this month showed
that along with increasing plaque density (HU), the risk of
MACE declines. Especially the 1-K Plaque (> above 1000
HU) had the lowest risk of MACE in the ICONIC registry
and may improve risk stratification [28].

Study limitations

We acknowledge the retrospective study design with its inher-
ent bias. Confounding risk factors were minimized by best
medical practice (1:1 propensity score matching).

All patients had a history of previous excessive alcohol
consumption, resulting in ESLD. Because they were evaluat-
ed for LT, they had to prove to be abstinent by regular controls
of their urine ethyl glucuronide levels for at least 6 months and
regular psychological evaluation.

The time between alcohol renouncement and CTA varied,
since the time interval between quitting and coronary CTA
ranged from a minimum of 6 months up to several years
(> 6 years).

Of note, we would like to emphasize, that the CAD disease
profile in our cohort is specific for ESLD patients prior to LT

due to alcohol abuse, but may be distinct in patients with
alcohol abuse without ESLD.

We acknowledge that a sub-analysis of the type of alcohol
consumption cannot be provided due to the mixed drinking
behavior and incomplete data collection.

Hard study endpoints (MACE; mortality) were not collect-
ed. Therefore, a conclusion, whether calcium scoring or cor-
onary CTA is better for risk stratification prior to LT, is not
possible. However, the high total prevalence of CAD in the
ESDL cohort rather suggests the use of CTA, in order to
identify individuals with significant stenosis, who require in-
vasive coronary angiography and coronary intervention in or-
der to avoid adverse outcomes after LT and intraoperative
cardiovascular complications during LT. Coronary CTA has
shown to be superior to CCS for CV risk stratification in
numerous data outputs from CONFIRM registry [29, 30].

Conclusion

Patients with alcohol-related ESLD exhibit have a high total
prevalence of CAD with a higher calcified plaque burden but
less high-risk “vulnerable” plaque characteristics and a less
lipid-rich plaque burden. Patients with ESLD have poor car-
diovascular outcomes [31].

Our study sheds light on the mechanism of alcohol-related
ESLD on the coronary arteries, in terms of reducing “high-
risk” inflammatory plaque but increasing coronary calcifica-
tion, while maintaining an overall high CAD burden.

In summary, our data support using CTA rather than calci-
um scoring for the evaluation of patients with ESLD prior to
LT. The advantages of CTA comprise: Detection of CAD at
early stages and adverse plaque characteristic [32], and diag-
nosis of significant stenosis [29, 30], and to initiate appropri-
ate treatment for prevention of adverse cardiovascular out-
comes, during and after liver transplantation, a high-risk sur-
gical procedure.
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