
Original Article JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
Use of Computed Tomography Coronary Calcium
Score for Coronary Artery Disease Risk Stratification

During Liver Transplant Evaluation*
Key
Rec
Add
Me
E-m
*T
aA
Abb
dio
CK
dis
equ
cur
old
rig
htt

© 2
Sabha Bhatti *,a, Blanca Lizaola-Mayo y,a, Mohammad Al-Shoha z, Mauricio Garcia-Saenz-de-Sicilia x,
Fuad Habash k, Karam Ayoub k, Michael Karr k, Zubair Ahmed *, Daniel Borja-Cacho {, Andres Duarte-Rojo *,#

*Division of Cardiology, University of Arkansas for Medical Sciences, 4301 W. Markham Slot #567, Little Rock, AR, 70205, United States,
yDivision of Gastroenterology and Hepatology, Mayo Clinic, 13400 East Shea Blvd, Scottsdale, AZ, 85259, United States, zDivision of

Gastroenterology and Hepatology, University of Arkansas for Medical Sciences, 4301 W. Markham Slot #567, Little Rock, AR, 70205, United
States, xDivision of Gastroenterology and Hepatology, Washington University, 660 S. Euclid Ave, St. Louis, MO, 63110, United States,

kDepartment of Internal Medicine, University of Arkansas for Medical Sciences, 4301 W. Markham Slot #567, Little Rock, AR, 70205, United
States, {Division of Transplant Surgery, Northwestern University, 676 N Saint Clair, Chicago, IL, 60611, United States and #Thomas E. Starzl
Transplantation Institute and Division of Gastroenterology, Hepatology and Nutrition; University of PittsburghMedical Center, 3471 Fifth Avenue,

Suite 916, Pittsburgh, PA, 15213, United States
word
eived:
ress f
dical
ail: d
his w
utho
revia
vascu
D: ch
ease;
ivale
emen
ballo
ht po
ps://d

021

Li
ve

r
Tr
a
n
sp

la
n
ta

tio
n

Background: End-stage liver disease (ESLD) is not considered a risk factor for atherosclerotic cardiovascular disease
(ASCVD). However, lifestyle characteristics commonly associated with increased ASCVD risk are highly prevalent
in ESLD. Emerging literature shows a high burden of asymptomatic coronary artery disease (CAD) in patients with
ESLD and a high ASCVD risk in liver transplantation (LT) recipients. Coronary artery calcium score (CAC) is a
noninvasive test providing reliable CAD risk stratification. We implemented an LT evaluation protocol with
CAC playing a central role in triaging and determining the need for further CAD assessment. Here, we inform
our results from this early experience.Methods: Patients with ESLD referred for LT evaluation were prospectively
studied. We compared accuracy of CAC against that of CAD risk factors/scores, troponin I, dobutamine stress
echocardiogram (DSE), and single-photon emission computed tomography (SPECT) to detect coronary stenosis
$70 (CAD$ 70) per left heart catheterization (LHC). Thirty-day post-LT cardiac outcomes were also analyzed.Re-
sults: One hundred twenty-four of 148 (84%) patients underwent CAC, 106 (72%) DSE/SPECT, and 50 (34%) LHC.
CAC$ 400was found in 35 (28%), 100 to 399 in 17 (14%), and <100 in 72 (58%). LHC identifiedCAD$ 70% in 8 of 29
(28%), 2 of 9 (22%), and 0 of 4, respectively. Two acute coronary syndromes occurred after LT in a patient with CAC
811 (CAD < 70%), and one with CAC 347 (CAD$ 70%). No patients with CAC < 100 presented with acute coronary
syndrome after LT. When using CAD $ 70% as primary endpoint of LT evaluation, CAC $ 346 was the only test
showing predictive usefulness (negative predictive value 100%). Conclusions: CAC is a promising tool to guide CAD
risk stratification and need for LHCduring LT evaluation. Patientswith a CAC < 100 can safely undergo LTwithout
the need for LHC or cardiac stress testing, whereas a CAC < 346 accurately rules out significant CAD stenosis
($70%) on LHC, outperforming other CAD risk-stratification strategies. ( J CLIN EXP HEPATOL 2022;12:319–328)
In the setting of elective moderate- to high-risk surgery,
clinical guidelines on perioperative cardiovascular eval-
uation recommend performing cardiac stress testing to

asymptomatic patients with poor or unknown functional
s: agatston score, cardiac stress test, angiogram, cirrhosis, end-stage li
8.5.2021; Accepted: 14.8.2021; Available online 21 August 2021
or correspondence: Andres Duarte-Rojo, MD, MS, DSc, Starzl Transpla
Center, 3471 Fifth Avenue, Suite 916, Pittsburgh, PA, 15213, United
uarterojoa@upmc.edu
ork was presented at the American Physician Scientists Association in
rs contributed equally.
tions: ACS: Acute coronary syndromes; ALD: alcoholic liver disease; AS
lar disease risk; BMI: Bodymass index; CABG: Coronary angioplasty by
ronic kidney disease; DSE/SPECT: Dobutamine stress echocardiogram
HCV: hepatitis C virus; IQR: Interquartile range; LCx: left circumflex; L
nts; MELD: model for end stage liver disease; MESA: Multi-Ethnic Stu
t and Transplantation Network; OM: obtuse marginal; PCI: Percutane
on angioplasty; PPV: positive predictive value; ROC: Receiver operatin
sterolateral; SD: Standard deviation; VT: Ventricular tachycardia
oi.org/10.1016/j.jceh.2021.08.015

Indian National Association for Study of the Liver. Published by Else
Journal of Clinical and Exp
capacity (those achieving <4 metabolic equivalents
[METs]), particularly in the presence of 3 or more athero-
sclerotic cardiovascular disease (ASCVD) risk factors.1

This should be followed by left heart catheterization
ver disease

ntation Institute and Center for Liver Diseases, University of Pittsburgh
States. Tel.: +1 412 647-1170; fax: +1 412 647 9268

April 2017, in Chicago, IL, USA.

CVD: Atherosclerotic cardiovascular disease; ASCVD: atherosclerosis car-
pass surgery; CAC: Coronary calcium score; CAD: Coronary artery disease;
or single-photon emission computed tomography; ESLD: End-stage liver
T: liver transplantation; LHC: Left heart catheterization; METs: Metabolic
dy of Atherosclerosis; NPV: negative predictive value; OPTN: Organ Pro-
ous coronary intervention; PDA: posterior descending artery; POBA: plain
g characteristic; RCA: right coronary artery; RI: ramus intermedius; RPL:

vier B.V. All rights reserved.
erimental Hepatology | March–April 2022 | Vol. 12 | No. 2 | 319–328

mailto:duarterojoa@upmc.edu
https://doi.org/10.1016/j.jceh.2021.08.015
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jceh.2021.08.015&domain=pdf


CORONARY CALCIUM SCORE AND LIVER TRANSPLANT BHATTI ET AL

Liver
Tra

n
sp

la
n
ta

tio
n

(LHC) if cardiac stress testing results are markedly positive
and revascularization if the extent of coronary disease is
clinically relevant (defined as $70% luminal stenosis) —
mostly percutaneous coronary intervention (PCI) with
stent placement. Liver transplantation (LT) is deferred un-
til cardiology clearance because of the need for dual anti-
platelet treatment (for 6 weeks to 6 months, depending
on stent characteristics) to prevent stent thrombosis,
which is more frequent at early stages after PCI. However,
evidence for CAD risk-stratification for LT is limited, and
most transplant centers proceed with mandatory cardiac
stress testing or LHC in spite of lack of clear and
evidence-based guidelines.

Dobutamine stress echocardiography (DSE) is recom-
mended to assess CAD as part of the evaluation of LT can-
didates.2 The main caveat of DSE in patients with end-
stage liver disease (ESLD) is that it is less likely to reach
target heart rate during chemically induced stress.3 Sin-
gle-photon emission computed tomography (SPECT) has
decreased accuracy in patients with ESLD as well, given
the chronic vasodilatory state with inherent reduced
response to vasodilators observed in this population.4

Therefore, LHC is the most reliable method to evaluate
CAD in LT candidates for ESLD; however, it is an invasive
test and carries the risk of bleeding and contrast-induced
nephropathy among other serious complications.5–7

The coronary artery calcium score (CAC) from
computed tomography is the noninvasive surrogate to
LHC for the assessment of CAD, showing promising results
in patients with liver disease and LT candidates.4,8–12 The
CAC measures the total calcium burden in the coronary
arteries, and the amount of calcification is expressed as
the Agatston score. A calcium score of 0 is indicative of
the absence of coronary artery calcification and a low
likelihood of CAD. In contrast, a positive test (Agatston
score > 100) reflects the presence of calcified plaque in the
coronary arteries (i.e., atherosclerotic plaques), which has
been associated with an increased risk for CAD.4,11–14

In an attempt to better triage CAD evaluation for LT
candidates, we implemented a standardized evaluation pro-
tocol including the use of CAC, along with DSE/SPECT
and other parameters commonly used for ASCVD risk-
stratification for patients with ESLD referred for LT.
Here, we inform our results from this early experience.

PATIENTS AND METHODS

This is a retrolective analysis of prospectively collected data
after implementation of a standardized CAD evaluation
protocol at a single transplant center between 2014 and
2016. All consecutive patients older than 18 years undergo-
ing LT evaluation were included. Patients with acute liver
failure, history of coronary angioplasty bypass surgery
(CABG), or PCI were excluded. All demographic, clinical,
and biochemical data were recorded from the LT evalua-
320 © 2021 Indian National Associa
tion visit, and patients were followed up until the end of
January 2017. Our institutional review board approved
this study protocol.

CAC to Triage Coronary Artery Disease
Evaluation Protocol
Patients with a heart rate >70 bpm (and no hypotension)
were given 25 mg of metoprolol on the night before and
the day of CAC testing. Patients with an Agatston score
<100 could proceed directly to LT if no more than 1 of
the following risk factors were noted during history and
physical: age >50 years, diabetes mellitus, dyslipidemia, hy-
pertension, chronic kidney disease (glomerular filtration
rate <30 mL/min), hemochromatosis, grade 2 obesity
(body mass index $35 kg/m2), stroke, smoking >20
pack-years, functional capacity estimated at <4 METs,
abnormal electrocardiogram (ischemia changes), or
elevated troponin I (>0.07 ng/mL). However, if$2 risk fac-
tors were documented, they would undergo cardiac stress
testing and were evaluated by a cardiologist. The same
approach was followed for patients with an Agatston score
between 100 and 399, whereas those with a score $400
were sent directly to LHC (Figure 1). Except for patients
with prior PCI and CABG, CAC was mandatory in all cases.
Although DSE was favored, SPECT was used at the discre-
tion of our cardiologists. We collected data from all evalu-
ated patients, focusing on the ones that underwent our
CAC-based protocol. Fractional flow reserve was per-
formed during LHC to better ascertain stenosis’ hemody-
namic significance and need for PCI. Transthoracic
echocardiogram, right heart catheterizations, and brain
natriuretic peptide were performed routinely to investigate
heart failure and portopulmonary hypertension. All
studies were performed within a period of 0.5–3 months.

Study Endpoints
Our main endpoint was detection of clinically relevant
CAD with a luminal stenosis $70% identified during
LHC. As a secondary outcome, we investigated early
adverse cardiovascular events (within the initial 30 days af-
ter transplant), paying attention to acute coronary syn-
dromes (ACS), and presence of luminal stenosis $50%.
We also tested the usefulness of various ASCVD stratifica-
tion strategies, including presence of traditional CAD risk
factors (including ASCVD risk scoring), troponin I levels,
DSE/SPECT, and CAC to identify asymptomatic luminal
stenosis $70% by LHC (used as gold standard). DSE was
considered indeterminate whenever target heart rate was
not reached ($85% of maximum predicted), and either
DSE or SPECT could be classified as indeterminate in
the presence of poor-quality imaging or artifacts. Indeter-
minate results were not taken into account for analysis.
Calculated ASCVD risk scores were the Pooled Cohort
Equations and the Multi-Ethnic Study of Atherosclerosis
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 1 Coronary artery disease evaluation protocol in liver transplant candidates. CAD, coronary artery disease; CT, computed tomography; DSE,
dobutamine stress echocardiogram; FFR, fractional flow reserve; LT, liver transplantation; SPECT, single-photon emission computed tomography.
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(MESA).15,16 High 10-year predicted ASCVDwas defined as
a Pooled Cohort Equations or MESA$ 7.5%. Two cardiol-
ogists (S.B. and Z.A.) reviewed all cardiac tests for accuracy.
They evaluated each cardiac test separately without access
to all cardiac test results at any given time.

Statistical Analysis
Data are presented as means with standard deviation, me-
dians with interquartile range, or as frequency (percent-
age), as appropriate. Continuous variables were
compared with Student's t test or Mann-Whitney rank
sum test, whereas categorical were compared with Fisher's
exact test, chi-square, or McNemar's test. Spearman's rho
was used for correlations. Receiver operating characteristic
(ROC) curve was constructed to identify the best Agatston
cutoff point identifying clinically relevant CAD. A P value <
0.05 was considered statistically significant, and all statisti-
cal tests were two-tailed. Analyses were performed using
Stata 12 (StataCorp, College Station, TX).
RESULTS

We reviewed 148 unique transplant evaluations during the
study period (Figure 2). However, the CAC protocol could
not be followed in 24 (16%) cases because of insurance
denial. The main baseline characteristics of the patients
are shown in Table 1. There were no major differences be-
tween patients with and those without CAC, except for the
Journal of Clinical and Experimental Hepatology | March–April 2022 | Vol. 1
former being older and less likely to undergo LT, in spite of
similar severity of liver disease, frequency of traditional car-
diovascular risk factors, and possibility of successfully
completing evaluation. Reasons for not listing
were noncompliance in 11 (32%), psychosocial issues in 4
(12%), cardiovascular disease in 4 (12%; 3 with CAD), non-
cardiovascular medical contraindication in 4 (12%), MELD
score < 15 in 5 (15%), and deceased while undergoing LT
evaluation in 6 (17%). Notably, when cardiovascular risk
factors were aggregated in scores, ASCVD risk was signifi-
cantly higher among CAC patients. TheMESA score signif-
icantly predicted a lower cardiovascular risk than the
ASCVD risk score, classifying a higher proportion of
CAC patients as low risk and, thus, attenuating predicted
cardiovascular risk (P < 0.001).

In the whole cohort, there were a total of 79 (53%) DSE
performed, out of which 1 (1%) was positive for ischemia,
62 (79%) were negative, and 16 (20%) indeterminate (all
negative for ischemia). A total of 27 (18%) SPECT were per-
formed, with 6 (22%) being positive for ischemia, 20 (74%)
negative, and 1 (4%) indeterminate (negative for ischemia).
Fifty (34%) patients underwent LHC, finding luminal ste-
nosis $70% in 12 (24%) and $50% in 24 (48%; between
50% and 69% in 12). Of the 124 patients who had a CAC,
a total of 35 (28%) had an Agatston score $400, 17 (14%)
had scores between 100 and 399, and 72 (58%) were <100
(Figure 2). Patients with an Agatston $400 had less
DSE/SPECT (37% vs. 76% and 79%, P < 0.001) but more
2 | No. 2 | 319–328 321



Figure 2 Flow diagram showing coronary artery disease evaluation stratified by coronary calcium score. ACS, acute coronary syndrome; CAD, cor-
onary artery disease; CAC, computed tomography coronary calcium score; DSE, dobutamine stress echocardiogram; LHC, left heart catheterization;
LT, liver transplant; SPECT, single-photon emission computed tomography; VT, ventricular tachycardia.

Table 1 Baseline Characteristics.

Variable All CAC No CAC P

Age (years)a 57 � 9 58 � 8 53 � 12 0.02

Sex (male)c 89 (60%) 73 (59%) 16 (67%) 0.47

Ethnicity (non-Hispanic)c 142 (96%) 120 (97%) 22 (92%) 0.24

Racec

� White 128 (87%) 108 (87%) 20 (84) 0.92

� Black 11 (7%) 9 (7%) 2 (8)

� Others 9 (6%) 7 (6%) 2 (8)

BMI (kg/m2)a 29 � 5 29 � 5 30 � 6 0.38

Cirrhosis etiologyc

� ALD 33 (22%) 30 (24%) 3 (13%) 0.12

� HCV 44 (30%) 36 (29%) 8 (33%)
� NASH 31 (21%) 27 (22%) 4 (17%)
� Autoimmune 13 (9%) 12 (10%) 1 (4%)
� Cryptogenic 12 (8%) 10 (8%) 2 (8%)
� Other 15 (10%) 9 (7%) 6 (25%)

Liver disease and liver transplant evaluation outcome

MELDa 17 � 7 17 � 6 17 � 7 0.85

MELD-Naa 20 � 7 20 � 7 20 � 7 0.83

Hepatocellular carcinomac 39 (26%) 34 (27%) 5 (21%) 0.50

Variceal bleedingc 45 (30%) 38 (31%) 7 (29%) 0.88

Hepatic encephalopathyc 92 (62%) 77 (62%) 15 (63%) 0.97

CORONARY CALCIUM SCORE AND LIVER TRANSPLANT BHATTI ET AL
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Table 1 (Continued )

Variable All CAC No CAC P

Ascitesc 118 (80%) 102 (82%) 16 (67%) 0.08

Waitlistedc 114 (77%) 93 (75%) 21 (88%) 0.18

Transplantedc 94 (64%) 73 (59%) 21 (88%) 0.008

Cardiovascular risk factors

Troponin > 0.07 7 (6%) 6 (6%) 1 (7%) 0.86

Smokingc 74 (51%) 61 (50%) 13 (54%) 0.70

Obesityc 66 (45%) 53 (43%) 13 (54%) 0.31

Hypertensionc 28 (19%) 24 (19%) 4 (17%) 0.75

Diabetesc 43 (29%) 35 (28%) 8 (35%) 0.52

Strokec 8 (5%) 7 (6%) 1 (4%) 0.76

Dyslipidemiac 31 (21%) 27 (22%) 4 (17%) 0.57

CKD DOQI 4/5c 10 (7%) 8 (6%) 2 (8%) 0.73

Smoking >20 pack/yearc 48 (33%) 42 (34%) 6 (25%) 0.39

Prior CADc 10 (7%) 7 (6%) 3 (13%) 0.22

>4 METsc 23 (16%) 18 (15%) 5 (21%) 0.92

Total CV risk factorsb 2 (1–3) 2 (1–3) 2 (1–3) 0.70

$2 CV risk factorsc 103 (70%) 85 (69%) 18 (75%) 0.52

$3 CV risk factorsc 68 (46%) 58 (47%) 10 (42%) 0.64

ASCVD scoreb 8.2 (4.4–15.8) 8.3 (5.0–16.9) 4.7 (1.9–11.9) 0.05

10-year ASCVD riskc

� Low (<5%) 41 (29%) 29 (24%) 12 (52%) 0.02

� Intermediate (5 to <7.5%) 26 (18%) 24 (20%) 2 (9%)

� High ($7.5%) 75 (53%) 66 (55%) 9 (39%)

MESA scoreb N/A 7.1 (2.5–16.3) N/A N/A

10-year MESA riskc

� Low (<5%) N/A 48 (43%) N/A N/A

� Intermediate (5 to <7.5%) 10 (9%)

� High ($7.5%) 54 (48%)

ASCVD, atherosclerosis cardiovascular disease risk; ALD, alcoholic liver disease; BMI, body mass index; CAD, coronary artery disease; CAC, coronary
calcium score; CKD, chronic kidney disease; HCV, hepatitis C virus;MELD, model for end-stage liver disease;MESA, Multi-Ethnic Study of Atheroscle-
rosis; NASH, nonalcoholic steatohepatitis; N/A, not applicable.
aData presented as mean � standard deviation.
bData presented as median (IQR).
cData presented as n (%).
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LHC (83% vs. 53% and 6%, P < 0.001) than those with an
Agatston of 100–399 and <100, respectively.

Figure 2 shows patient's distribution as they moved
down our CAD evaluation protocol. Out of the 35 patients
who had scores >400, LHC was performed in 29 (83%),
finding luminal stenosis $70% in 8 patients, and stenosis
between 50% and 69% in 6 more (stenosis $50% in 14).
However, out of 13 patients from this group that under-
went DSE/SPECT, inducible ischemia was noted only in
one. In the 14 patients that underwent LT, 4 of them
with stenosis $70% (3 previously treated with PCI), there
were no posttransplant CAD complications (Table 2).
Journal of Clinical and Experimental Hepatology | March–April 2022 | Vol. 1
Five patients with stenosis between 50% and 69% under-
went LT, and one of them presented with an early ACS
(no PCI before LT on the basis of normal fractional flow
reserve). One patient had a cardiac arrest during LT with
acute right ventricular failure not related to an ACS, and
another one developed post-LT cardiomyopathy, both
with a previously normal LHC. Among patients showing
an Agatston score 100–399 (n = 17), DSE/SPECT were per-
formed in 13 patients, and 2 showed positive results. Nine
of the 17 (53%) patients underwent LHC, showing signifi-
cant luminal stenosis $70% in 2 patients (both treated
with PCI), and stenosis between 50% and 69% in 4
2 | No. 2 | 319–328 323



Table 2 Patients With Coronary Luminal Stenosis and Percutaneous Intervention Performed During Left Heart Catheterization.

CAC
(Agatston)

Etiology MELD/
MELD-Na

Cardiac Stress
Test

No. Affected
Vessels

Main Affected
Vessel

Maximum
Obstruction

Intervention
(stent type)

Post-LT
Outcome

Significant stenosis ($70%)

842 EtOH 16/27 (�) DSE 1 PDA 70% No PCI No ACS

1809 HCV 9/12 (+) SPECT 3 RPL 70% POBA No ACS

1561 HBV 9/9 N/A 3 RCA 80% BMS No ACS

2024 Crypto 26/29 N/A 2 RCA 90% BMS No ACS

699 EtOH 16/21 (I) DSE 1 OM 90% BMS No LT

512 NASH 13/13 N/A 1 LAD 70% DES No LT

1752 EtOH 16/18 N/A 3 OM 90% POBA No LT

479 Crypto 31/33 N/A 1 LCx 70% BMS No LT

347 NASH 16/19 (+) SPECT 3 RCA 95% BMS NSTEMI

351 HCV 14/20 N/A 1 LAD 80% BMS No LT

Intermediate stenosis (50%–69%)

1193 ALD 29/34 (�) DSE 3 LCx 60% No PCI No ACS

811 NASH 21/25 N/A 1 LAD 50% No PCI NSTEMI

472 NASH 8/14 N/A 1 RCA 50% No PCI No ACS

1193 ALD 10/15 (I) DSE 1 RCA 50% No PCI No ACS

884 HCV 14/15 (�) DSE 3 LAD 60% No PCI No LT

1123 HBV 7/6 N/A 4 LAD 60% DES No ACS

315 HCV 9/10 N/A 1 LAD 60% BMS No ACS

220 HCV 13/12 N/A 1 RCA 50% No PCI No LT

310 HCV 14/14 (�) DSE 1 OM 60% No PCI No LT

388 Crypto 10/10 N/A 1 LAD 60% BMS No LT

68 NASH 20/26 (I) DSE 1 RI 50% No PCI No ACS

CAC, coronary calcium score; DSE, dobutamine stress echocardiogram; DES, drug-eluting stent; I, indeterminate cardiac stress test; LCx, left circum-
flex; OM, obtuse marginal; PDA, posterior descending artery; POBA, plain old balloon angioplasty; RCA, right coronary artery; RI, ramus intermedius;
RPL, right posterolateral; SPECT, single-photon emission computed tomography.

Table 3 Operational Characteristics of Various Strategies to
Detect Luminal Stenosis $70%.

Variable Sensitivity Specificity PPV NPV P

Troponin I 22% 94% 50% 82% 0.14

$2 CV Risk Factors 92% 14% 26% 83% 0.63

$3 CV Risk Factors 33% 57% 20% 72% 0.54

ASCVD High Risk 83% 32% 30% 85% 0.29

DSE/SPECT 50% 80% 43% 84% 0.14

MESA High Risk 100% 10% 28% 100% 0.29

CAC >346 100% 31% 31% 100% 0.04

ASCVD, atherosclerosis cardiovascular disease risk; CAC, coronary cal-
cium score; CV, cardiovascular; DSE, dobutamine stress echocardio-
gram; MESA, Multi-Ethnic Study of Atherosclerosis; NPV, negative
predictive value; SPECT, single-photon emission computed tomography;
PPV, positive predictive value.
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additional patients (two of these treated with PCI;$50% in
6). In the 10 patients that underwent LT, 1 developed an
early ACS associated with in-stent restenosis after bare
metal stenting to RCA before LT (Table 2). Finally, in pa-
tients with an Agatston score <100 (n = 72), DSE/SPECT
was performed in 58, and none was positive for ischemia.
LHC was performed in 4 patients disclosing coronary ste-
nosis 50%–69% only in one patient, in a small vessel not
amenable to PCI (Table 2). Forty-nine within this groupun-
derwent LT with no early posttransplant ACS events,
including 9 patients with a favorable clinical profile not
tested with DSE/SPECT or LHC. There was one case with
torsades de pointes associated with prolonged QT interval
and not associated to and ischemic event (Agatston of 0,
noDSE/SPECT or LHCperformed due to favorable clinical
profile).

ROC curve analysis identified an Agatston score of 346
as the best cutoff point to identify significant coronary
luminal stenosis (CAD $ 70) in our population. Useful-
ness of various CAD risk stratification and testing strate-
324 © 2021 Indian National Associa
gies was compared against CAC with an Agatston score
of 346, as shown in Table 3. All 148 patients were consid-
ered for this analysis. CAC was the only test significantly
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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associated with CAD$ 70 with a very high negative predic-
tive value, whereas DSE/SPECT combined were not more
useful than accounting for the presence of 3 ormore classic
CAD risk factors or high ASCVD risk. Optimizing CAC to
include classic cardiovascular risk factors (high MESA
score) negatively affected its predictive usefulness.
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DISCUSSION

Accurate cardiovascular assessment and risk estimation is
a crucial step in the LT evaluation process. However, to
date, there is no agreement on the best strategy to evaluate
CAD risk in LT candidates. Patients with ESLD experience
a unique change in hemodynamic parameters and express
different cardiovascular responses when compared to the
general population. Some relevant changes include an
increased cardiac output, marked splanchnic and periph-
eral vasodilation, activation of the renin-angiotensin-
aldosterone system, increased sympathetic tone and vaso-
pressin levels, and diminished free-water excretion result-
ing in fluid overload.17–23 Moreover, in an attempt to
reduce the risk for variceal bleeding, many patients with
ESLD are placed on beta-blockers, further compromising
hemodynamic homeostasis. Therefore, it is not surprising
for cardiac stress tests to underperform in this population.
In the case of DSE, patients might not reach target heart
rate or rate-pressure product to support appropriate stress
induction, and as for SPECT, pre-existing coronary vasodi-
lation might preclude blood flow gradient generation
across areas including a dominant stenosis. Sarcopenia
and frailty are also prevalent in this population (20%–
50%),24 thus limiting mobility and the possibility of ob-
taining exercise-induced cardiac stress testing. By
following strict criteria, we found a significant number of
indeterminate DSE/SPECT (20% and 4%, respectively) in
our population, significantly affecting their predictive use-
fulness. These figures are within the spectrum of what has
been described for patients with ESLD in the litera-
ture.3,25,26

To complicate things even further, age of LT recipients
and obesity prevalence are rising, as well as the prevalence
of diabetes mellitus and nonalcoholic fatty liver disease
(NAFLD), thus negatively impacting the cardiovascular
risk profile. With improvement in the management of
LT, patient mortality associated to cardiovascular compli-
cations now poses the greatest risk in the posttransplant
period, especially in patients with pre-existing CAD.27,28

Although CAD prevalence in LT candidates varies depend-
ing on the test used as well as the population, a large study
assessing prevalence of CAD in LT recipients from the
United States Organ Procurement and Transplantation
Network database including 17,482 patients found a
Journal of Clinical and Experimental Hepatology | March–April 2022 | Vol. 1
CAD prevalence of 7.4% in NAFLD, 2.9% in alcoholic liver
disease, and 2.7% in hepatitis C.29 Similarly, in 420 subjects
with alcohol- or NAFLD-related ESLD, significant CAD
($70%) was present in 2% of patients with alcoholic liver
disease and 13% of the NAFLD group.30 Another study
including 161 LT candidates without a previous history
of CAD evaluated with LHC found moderate to severe
CAD ($50% luminal stenosis) in 24%, and the most com-
mon associated risk factors were male gender, age >50
years, diabetes, and hypertension.31 Remarkably, our re-
sults showed a higher prevalence of moderate to severe
CAD of 48% with 24% having severe disease ($70%). This
higher LHC yield is the result of the selection bias imposed
by our CAC-based algorithm to stratify CAD risk and need
for LHC, as 83% of patients with an Agatston score >400%
underwent LHC, compared to 53% when the score was
399–100 or 6% when it was <100 (the latter representing
58% of population). It was also notable that our studied
population had a high prevalence of ASCVD risk factors,
including smoking, high ASCVD score, and obesity in
approximately half or our patients.

With an increasing ASCVD risk among the LT popula-
tion, there is an urgent need to have a more accurate CAD
evaluation as part of the LT evaluation process, what takes
further relevance among populations with a higher
adiposity in whom finding an adequate imaging window
affects cardiac stress testing validity. CAC allows ASCVD
risk assessment, and it is advantageous to LT candidates
through its noninvasiveness, lack of use of radio-
contrast, minimal radiation exposure, conserved accuracy
in patients with poor exercise capacity and increased
adiposity; the method actually benefits from the use of
beta-blockers which are commonly prescribed in patients
with ESLD.32 Our protocol increased our confidence to
pursue transplantation in many patients having an Agat-
ston <100, thus disregarding the presence of multiple
ASCVD risk factors and avoiding LHC and its potential
complications. In fact, we were able to proceed with LT
in selected patients with an Agatston <100 without further
CAD evaluation (DSE or SPECT). After the 30-day post-LT
follow-up, we did not observe a single ACS episode in the
group of patients with an Agatston score <100. In support
of our findings, a CAD evaluation approach including the
use of CAC was recently recommended as part of a
consensus document.33 Although coronary computed to-
mography angiography can identify both calcified and
noncalcified coronary plaque4 and is as reliable as LHC
for the diagnosis of CAD,34 it requires sophisticated car-
diac imaging expertise, and it is more expensive than
CAC. Also, it cannot be used among the growing number
of ESLD patients with acute or chronic kidney injury
because of the need for iodinated contrast. The
2 | No. 2 | 319–328 325
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applicability of coronary computed tomography angiog-
raphy for evaluation of CAD in LT candidates is limited;
therefore, further research is required to standardize its
use and to determine its prognostic role along with
CAC.35,36

When considering severe CAD (luminal stenosis$70%)
as an endpoint in the whole cohort, CAC outperformed
other strategies commonly used to assess CAD, including
cardiac stress testing. Although DSE and SPECT are
commonly used for cardiac evaluation of LT candidates,
they have shown suboptimal to poor predictive usefulness.
When used to predict cardiovascular events after LT,DSE is
reported to miss up to 25% of patients with CAD,23 and
more recently, it was shown to lack prognostic value.37

When compared in a cross-sectional fashion against LHC,
the sensitivity and specificity to detect significant CAD
was reported as 41% and 47%, respectively.38 With a similar
design, SPECT has shown sensitivities between 35% and
62% and specificities between 82% and 88%, which were
no different from the predictive usefulness of accounting
for traditional ASCVD risk factors.39 Our results also failed
to show a role for DSE/SPECT in predicting significant
CAD. Neither elevated troponin I, a recently described
ASCVD predictor in LT recipients,40 nor patients with a
high ASCVD risk score were associated with significant
CAD per LHC. However, with an Agatston score $346,
CAC showed a sensitivity and negative predictive value of
100%, thus providing clinically useful information: A result
between 0 and 345 rules out significant CAD. These results
mirrorfindings fromprior studies, where a high correlation
between CAC and obstructive CAD was found, along with
high negative predictive values.32,41 Moreover, CAC has
also shown to predict posttransplant ASCVD complica-
tions in those with CAC > 400 (8% vs. 2%).10,11,42 Thus, pre-
transplant CAC serves a prognostic role after LT, and in
agreement with recommendations from the American
Heart Association,43 we now prescribe statins to all patients
with a CAC > 100 in the early posttransplant period as part
of their primary ASCVD prophylaxis, irrespective of other
clinical risk factors. Surprisingly, the MESA score did not
improve the predictive usefulness of CAC.

Although it is not possible to state whether PCI before
LT can actually improve cardiovascular outcomes, particu-
larly given existing literature in the non-ESLD popula-
tion,44,45 we have not had any post-LT mortality since
our CAC protocol started in 2014, and it made us become
more aggressive with post-LT revascularization (data not
shown). Moreover, our CAC-based protocol permitted us
to limit the number of LHC performed as part of the LT
evaluation process. Had we used stratification solely on
the basis of the number of cardiovascular risk factors or
ASCVD scores, we would have performed LHC in approx-
imately half of our population, whereas within the cohort
of patients having undergone CAC, we were able to limit
LHC to 34% (42 out of 124). As such, the high rate of false
326 © 2021 Indian National Associa
positives still results in less unnecessary LHC when
compared to risk stratification based on traditional
ASCVD risk factors or scoring. Therefore, CAC might
prove to be a strategy helping to decrease the number of
unnecessary LHC and acquisition costs associated to LT
evaluation; however, confirmatory studies are needed.

Our study had a few limitations. We could not obtain a
CAC in all eligible patients, and although there were some
violations to the protocol, these mostly worked in our
advantage by providing us with additional data to analyze
(i.e., DSE or SPECT in patients with a CAC $400). Not all
patients underwent LT, yet, given that our primary aimwas
a cross-sectional comparison with LHC, we believe our re-
sults still provide a valid picture of LT evaluation in pa-
tients with ESLD. Given the design of our study, the
number of patients with SPECT or DSE who underwent
LHC was small, precluding a separate analysis per cardiac
stress test type. Finally, although the number of patients
undergoing both LHC and CAC was not large, it is the
largest of its kind, and we provided a novel stratification
approach to use CAC in amore rational way by considering
it in conjunction with traditional risk factors. We acknowl-
edge that larger studies are needed to confirm our findings
before unequivocally recommending CAC in daily clinical
practice.

In conclusion, among various cardiac evaluation strate-
gies, CAC was the most useful single predictor of CAD in
asymptomatic patients undergoing LT evaluation. Along
with a structured cardiac evaluation based on ASCVD
risk factors, the negative predictive value from a low CAC
can reassure the transplant team about the lack of CAD,
which is remarkably important for severely decompensated
ESLDpatients in whomDSE/SPEC lack accuracy and LHC
can result in severe adverse events. Finally, CAC scores can
help better triage LHC, thus avoiding unnecessary cathe-
terizations and reducing transplant evaluation costs.
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