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THE CARDIAC OUTPUT AT REST IN LAENNEC'S CIRRHOSIS?
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THE HEMODYNAMIC RESPONSE TO EXERCISE IN PATIENTS
WITH LAENNEC'S CIRRHOSIS®

By WALTER H. ABELMANN,2 HENRY J. KOWALSKI,? ano WILLIAM F. McNEELY
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Preoperative Evaluation of Coronary Artery Disease in Liver
Transplant Candidates: Many Unanswered Questions in
Clinical Practice

Maria Bonou 1, Sophie Mavrogeni :, Chris |J. Kapelios L» , Marina Skouloudi 1, Constantina Aggeli 3',

Evangelos Cholongitas . George Papatheodoridis 3100 and John Barbetseas 11
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Hyperdynamic circulation
* Increase SV

* Decrease PVR

* Increase HR

* |ncrease CO

Remodeling

* Increase LVEDV
* Increase LAV

* Increase RVEDV
* Preserved LVEF

Impaired response to physical and
pharmacological stress
* |Increased mortality during LT

Table 1. Baseline Hemodynamic Changes in Patients
With ESLD

Hemodynamic Parameter Changes

Systemic circulation Plasma volume 7, total blood
volume 1, noncentral blood
volume 1, central blood
volume | <, arterial blood
pressure <> |, systemic
vascular resistance |, heart
rate 1, cardiac output 1

Cardiac hemodynamics LA volume T, LV volume 1 <,
right atrial volume < 1 |,
RV volume <> 1 |, RA
pressure <> T, RV end-
diastolic pressure <,
pulmonary capillary wedge
pressure <», LV end-diastolic
pressure | <>

Pulmonary circulation Pulmonary blood flow 1,
pulmonary artery pressure <>
1. pulmonary vascular
resistance <> 1 |

«» = No change; 1 = increase; | = decrease; ESLD = end-stage liver
disease; LA = left-atrial; LV = left-ventricular; RA = right-atrial; RV = right
ventricular.

Garg A, Amstrong W, JACC Cardiovasc Imag 2019
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Figure 1. Presentation of pathophysiological interactions between the liver the heart and the kidneys

for the pathogenesis of cirrhotic cardiomyopathy. RAAS: renin-angiotensin-aldosterone system,

LSEC: liver sinusoidal endothelial cells.



Pathophysiology of LV Dysfunction in LC
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Pathophysiology of LV Dysfunction in LC

NORMAL HEART CIRRHOTIC CARDIOMYOPATHY

Reduced SVR )
Adrenergic . Further changes in SVR*
Reléease O(I activation E'g}ﬁ'gﬁ‘{ cardiac Increased venous return
‘toxins’ derive LV Hypertroph
from Gl tract K‘dchy?eﬁ\rel_ o PRECIPITATING
t
B-a!isr:t?ecrg?g receptor FACTOR(S)
PORTAL desensitization i.e. Sepsis, TIPS
HYPERTENSION Liver Transplant Elevated LV filling
| sl ressures
nability to maintain
CIRRHOSIS a(}’equate

cardiac output

Hyperdynamic syndrome -
Impaired diastolic function Heart Failure/Pulm Edema
Exercise intolerance Hy?otensmn/ Shock
QT prolongation CardioRenal syndrome
Arrhythmias

% Worsening cirrhosis or sepsis lead to a further reduction in
Systemic Vascual Resistance (SVR), whereas a rapid increase in SVR is seen after liver transplant.

Jardi et al, 2015



Table 1. Cirrhotic cardiomyopathy diagnostic criteria according to the World Gastroenterology
Organisation (Montreal 2005).

1.  Abnormal contractile response to stress

) . , . 2. hastolic dvsfunction

Cirrhotic patient with - o L )
3. Absence of another clinically significant cardiopulmonary

Disease

Blunted increase in cardiac output with exercise, volume

v

Systolic function (at least 1) challenge or pharmacologic stimuli.
Resting left ventricular ejection fraction (LVEF) < 55%

E/A ratio <1 (age corrected)
Prolonged mitral deceleration time (DT > 200 ms)
Prolonged isovolumetric relaxation time (>80 ms)

Diastolic function (at least 1)

Abnormal chronotropic response to stress
Electromechanical uncoupling
Dysychrony

Supportive criteria Prolonged QTc interval
Enlarged left atrium

Increased left ventricular mass

Increased BNT or proBNP

YO YV WY W Y Y YW Y| Y




and then...

Recommendations for the Evaluation of Left
Ventricular Diastolic Function by Echocardiography:
An Update from the American Society of
Echocardiography and the European Association
of Cardiovascular Imaging

Figure 2. Speckle tracking echocardiography. Semiautomatic calculation of Global longitudinal strain

(GLS), with possible simultaneous identification of segmental wall motion abnormalities (left low),
dysychrony (middle low) and diastolic function abnormalities-strain rate (right low).




'HEPATOLOGY EAASLD
SPECIAL ARTICLE | HEmToLOGY.vOL. 71N, 12020

Redefining Cirrhotic Cardiomyopathy for
the Modern Era

Manhal lzzy M+ Lisa B. VanWagner 2% Grace Lin,* Mario _f'llticti,sjamcs Y. Findlay."_lac K. Oh,* Kymberly D. Watt,”

and Samuel 8. Lee®; on behalf of The Cirrhotic Cardiomyopathy Consortium

Systolic Dysfunction Advanced Diastolic Dysfunction Areas for Future Research
Any of the following >3 of the following e Abnormal chronotropic or inotropic response§
e |V gjection fraction <50% e Septal e’ velocity <7 cnvs e Electrocardiographic changes
e Absolute® GLS <18% e E/e’ ratio 215 e Electromechanical uncoupling
e LAVI >34 ml/m2 e Myocardial mass change
e TR velocity >2.8 m/s e Serum biomarkers
e Chamber enlargement
e CMRI

GLS, global longitudinal strain; €', early diastolic mitral annular velocity; E/e', ratio of mitral peak velocity of early filling to early diastolic mitral annular velocity; CMRI, cardiac magnetic
resonance imaging.

|zzy et al, Hepatology 2020



MELD score

>401

30-40+

20-301

10-20+

<10

LVEF in LC

MELD score |1 <10 [1] 10-20 20-30 [1] 3040 [1] >40

P for trend < 0.001 P=—

40 50

Left Ventricular Ejection Fraction (%)

Kwon et al,Hepatology, 2020



Evaluation of subclinical ventricular systolic
dysfunction assessed using global
longitudinal strain in liver cirrhosis: A
systematic review, meta-analysis, and meta-
regression

Denio A. Ridjab®'**, Ignatius lvan®*, Fanny Budiman?®, Riki Tenggara®

Cirrhotic Patients Non-Cirrhotic Patients Mean Difference Mean Difference
Study or Subgroup Mean [%] SD[%] Total Mean[%] SD [%] Total Weight IV, Random, 95% CI [%] IV, Random, 95% CI [%]
Kim HM (2020) 24.2 2.7 33 186 2.2 17 54% 5.60[4.21,6.99] =
Zamirian M (2019) 226 24 20 19.2 19 10 53% 3.40[1.82, 4.98] 55
von Kockritz F (2021) 21.39 406 80 18.73 295 30 5.4% 2.66 [1.28, 4.04] -
Huang CH (20189) 21.43 1.5 80 20.77 3.04 29 55% 0.66 [-0.43, 1.81) ™
Rimbas RC (2017) 209 3 46 20.7 28 46 55% 0.20 [-0.99, 1,39] -
Kog DO (2020) 19.42 283 50 19.49 2.33 33 55% -0.07 [1.19,1.05) |
Sampaio F (2015) 18.47 347 36 18.57 402 8 45% -0.10F3.11, 2.91) -
lbrahim MG (2020) 20.83 7.25 a0 21.67 84 50 44% -0.84 382, 2.24] =
Hassan AAA (2019) 19.5 27 45 20.7 43 30 5.2% -1.20[2.93, 053] 5=l 0
ChenY (2018) 18.6 26 103 201 28 48 56% -1.50 [-2.44,-0.56) -
inci SD (2019) 16 3.2 40 176 22 26 54% -1.60 [-2.90,-0.30] -
Sampaio F (2013) 2019 2.38 100 221 1.54 18 56% -1.91 [2.76,-1.08) =
HammamiR (2017) 19.8 28 80 22.01 26 80 56% -2.21 [F3.05,-1.37] -+
Ozdemir E (2019) 199 34 40 228 1.9 40 55% -290F4.11,-1.69] =
Novo G (2018) 18.3 3.23 39 21.3 1.46 39 55% -3.00 [-4.11,-1.89) —
Isaak A (2020) 18.5 B 42 22.5 36 18 51% -4.00 [-6.06,-1.94) .
Anish PG (2019) 19.52 2.41 55 23.66 2.3 30 5.5% -4.14[-5.18,-3.10) -
Altekin RE (2014) 20.57 21 38 28.74 3N 37 55% -8.17 [9.37,-6.97)] e
Al-Hwary S (2015) 19,98 7.65 40 295 592 20 41% -952F13.03,-601) ———
Total (95% CI) 1017 609 100.0% -1.43 [-2.79, -0.07) <5
Heterogeneity: Tau*=8.41; Chi*= 38428, df=18 (P = 0.00001); *=95% _140 r5 5 é 1?0

Test for overall effect: Z= 2.06 (P = 0.04) Lower GLS Higher GLS

Fig 2. Mean difference of left ventricular global longitudinal strain in patiens with cirrhosis versus patients without cirrhosis evaluated
using the random effect model. SD, standard deviation; IV, inverse variance; CI, confidence interval; df, degrees of freedom; Chi?, chi-
squared statistic; p, p-value; I?, I-squared heterogeneity statistic; Z, Z statistic.




DD is associated with worse prognosis in LC
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HFA-PEFF score as an independent predictor of
2-year mortality in liver cirrhosis patients

Yannis Dimitroglou®, Dimitrios Tsartsalis®, Larisa Vasilieva®, Dimitrios Patsourakos®,
Argyro Kalompatsou®, Alexandra Alexopoulou®, Dimitris Tousoulis®, Konstantinos Tsioufis® and
Constantina Aggeli®

Functional Morphological Biomarker (SR) Biomarker (AF)
septale’ <7 cm/sor LAVI > 34 ml/m2 NT-proBNP > 220 pg/ml NT-proBNP > 660 pg/ml
lateral e’ <10 cm/s or or or
or LVMI > 149/122 g/m? (m/w) BNP >80 pg/ml BNP > 240 pg/ml
Average Efe’ > 15 and RWT > 0,42 #
or
TR velocity >2.8 m/s
(PASP > 35 mmHg)

Average Efe’ 9-14 LAVI 29-34 ml/m2 NT-proBNP 125-220 pg/ml NT-proBNP 365-660 pg/ml
or or or or
GLS <16 % LVMI > 115/95 g/m2 (m/w) BNP 35-80 pg/ml BNP 105-240 pg/ml

or

RWT > 0,42

or

LV wall thickness > 12 mm

Major Criteria: 2 points > 5 points: HFpEF

Minor Criteria: 1 point 2-4 points: Diastolic Stress Test or Invasive Haemodynamic Measurements

Table 3. Comalation of the varables includad in tha HFA-PEFF scorm with the soverity of the liver discase

‘ariable Child-Pugh A Child-Pugh B Child-Pugh C P value

HFA-PEFF functional Septal & [cm/sc) 7.1 (5.8-8.4) 6.2 (5.1-8.4) 7.6 (5.6-0.8) 0.505
Lateral & (cm/s) 9.4 ({7.1-11.5) 9.4 (B.0-11.9) B.9(7.5-11.8) 0812
Average Efe 7.0 (6.5-9.4) B.6(5.5-0.8 4.7 (7.8-11.8) 0.071

TR velocity (mv's) 2.36 (2.27-2.55) 234 (2.21-2.55) 248 (2.24-263) 0.733

Absolute GLS (%) 20.3 (18.7-21.8) 21.1 (30.3-24.1) 225 (30.2-24.4) 0.022

HFA-PEFF morphological LA {mLm?) 20.3 (23.6-34.0) 353 20.6-11.9) 48.0 (32.8-58.0) <0.001
LM (g/m) 720 (60.5-90.3) 695 (50.2-T7.8) BO.2 (TT6-101.1) 0.001
RAWT 0.38 {0.31-0.41) 0.36 (0.30-0.41) 0.40 [0.34-0.45) 0.431

HFA-PEFF biomarker NT-pro-BNP (pgéml) 57 (11-208) 140 (54-324) 284 (133-T16) 0.002
BNP (pg/mL) 35 10-75) 80 ([45-109) 135 (73-344) 0.002
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The Low Incidence of Myocardial Infarction in Patients With Portal
Cirrhosis of the Liver: A Review of 639 Cases of Cirmhosis

of the Liver From 17,731 Autopsies

William L. Howell, M.D..* and William C. Manion, M.D.** Washington, D.C,

Of the 17,731 patients autopsied, 639 were found to have anatomic diagnoses
of portal cirrhosis, Laennec's cirrhosis, or postnecrotic cirrhosis. Of the 639
cirrhotic patients, 32 (4.9 per cent) were found to have myocardial infarcts. The
incidence of myocardial infarction in the remaining noncirrhotic group, on the
basis of examination of a random 5 per cent sample from the 17,731 autopsies in
1957, was 20.2 per cent. Hence, in the group studied, myocardial infarction was
less than one fourth as common in cirrhotic patients as in noncirrhotic patients.



However epidemiology of LC has changed

1,600+ NASH and cryptogenic cirrhosis:
UNOS listing by year .
1,500 gbyy Fatty liver/ Hepatocellular
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Fig. 2 Prevalence of coronary artery disease (CAD) risk factors. Fig. 3 Distribution of the number of coronary artery disease
DM = diabetes mellitus, HTN=hypertension, PVD=peripheral (CAD) risk factors within various etiological groups. DM=diabetes
vascular disease in various etiological groups, HBV=hepatitis B, Mellitus, HBV=hepatitis B, HCV=hepatitis C, HTN=hypertension,
HCV=hepatitis C, NASH=nonalcoholic steato-hepatitis, NS=non- NASH=nonalcoholic steato-hepatitis, PVD=peripheral wvascular
significant. *P < 0.001 vs all other groups; **biliary cirrhosis: P < disease, NS=nonsignificant. *P < 0.001 among each etiology of

0.001 vs all other groups. end-stage liver disease.




Comparison of the Frequency of Coronary Artery Disease
in Alcohol-Related Versus Non-Alcohol-Related Endstage
Liver Disease

Sanjay Patel, MBBS, PhD*“*, Todd L. Kiefer, MD®, Aijaz Ahmed, MD",
Ziad A. Ali, MBChB, DPhil*, Jennifer A. Tremmel, MD®, David P. Lee, MD?*, Alan C. Yeung, MD?,
and William F. Fearon, MD*

The American Journal of Cardiology (www.ajconline.org)

154

104

Prevalence of CAD (%)

% patients in cohort

N
o . : , . .
d&‘-" Fig. 1 Prevalence of coronary artery disease (CAD) in various
qﬁé etiological groups. HBV=hepatitis B, HCV=hepatitis C, NASH=
N nonalcoholic steato-hepatitis. *P < 0.0001, vs all other groups;

**hiliary ci . P - v . P = —
Figure 1. Comparison of the incidence of severe CAD (=70% stenosis in bllrl 1y (’”_Th(_hlh vs NASH: P . 0'_{]001‘_ vs HCV: P = 0.037; vs
any major epicardial coronary artery) on the basis of the cause of ESLD. HBV: not significant; vs alcoholic cirrhosis: P = 0.018.




Liver cirrhosis specific risk factors
-NAFLD etiology
g , > -hypercoagulable state
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Prevalence and Prediction of Coronary Artery Disease in
Patients With Liver Cirrhosis
A Registry-Based Matched Case—Control Study
Jihyun An, MD: Ju Hyun Shim, MD, PhD: Seon-Ok Kim, MS: Danbi Lee, MD, PhD:;

Kang Mo Kim, MD, PhD: Young-Suk Lim, MD, PhD: Han Chu Lee., MD. PhD:
Young-Hwa Chung, MD, PhD; Yung Sang Lee, MD, PhD

Circulation October 14, 2014
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Figure 1. Distribution of coronary artery stenosis
60 on coronary CT angiography among all cirrhotics
(n=1045) and controls (n=6283). The prevalence
of significant obstructive CAD was similar in the
2 groups (7.9% [83/1045] vs 7.7% [486/6283];
40 1 P=0.803), in contrast to that of mild nonobstructive
CAD (30.2% [316/1045] vs 24.4% [1532/6283];
DL P<0.001). CAD indicates coronary artery disease;
20 :.:.:. 2080 P=0.803 for prevalence of obstructive CAD and CT, computed tomography.
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Stress echocardiography

m Dobutamine stress echo???
- Role of BB and autonomic dysfunction

m Vasolidatory stress tests??
- ESLD is characterized by vasodilation

m Exercise stress echo.....Not so feasible for all pts

Blunted response to adrenergic stimulation]is translated into lower peak heart rate, lower

increase in LVEF and cardiac index in cirrhotics compared to controls during peak exercise [69]. These
findings result from the autonomic dysfunction characterizing end-stage cirrhosis [70]. Besides that,
blunted response during dobutamine stress echo has been accompanied by higher baseline ejection
fraction [71], a finding which highlights that contractile reserve is lower in patients with
decompensated cirrhosis and high output cardiovascular state. Some data with the use of STE
reinforce these findings. In a recently published study, while GLS at rest was better in cirrhotics than
controls, groups did not differ at stress, because lower absolute GLS increase was observed in
cirrhotic patients [72]. However, due to temporal resolution limitations, use of speckle tracking
echocardiography in current clinical practice of stress echocardiography is questionable and more
data from future studies are needed.



A 60 years old man with advanced cirrhosis
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EDITORIAL COMMENT

Noninvasive Testing in Patients

With End-Stage Liver Disease

When and How?*

Luc A. Pierard, MD, PuD

Liver transplantation is considered a high-risk
surgical procedure (4). It is urgent in acute liver fail-
ure and elective in most cases. The guidelines by
the American Association for the Study of Liver
Diseases and the American Society of Transplantation
recommend cardiac evaluation with stress echocar-
diography as an initial screening test with cardiac
catheterization as clinically indicated (Class Ib) (5).

JACC: CARDIOVASCULAR IMAGING
@ 2019 PUBLISHED BY ELSEVIER ON BEHALF OF THE

AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION

Patients with end-stage liver disease (ESLD) who are
candidates for liver transplantation have a small
prevalence of severe coronary artery disease (CAD).
Their hemodynamic characteristics include vasodila-
tion, anemia, and high cardiac output. They are
usually treated with beta-blockers to reduce the
incidence of esophageal variceal bleeding. The
sensitivity of DSE is highly variable, but low (32%)
according to a meta-analysis (7).



Symptomatic patients Asymptomatic patients

v

Screenung for high nisk surgery

ECG+Echocardiography+stress testing
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Computer tomography
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Revascularization Follow-up
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Figure 2. Diagnostic algorithm for patients with LC and CAD.
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ORIGINAL RESEARCH

Diagnostic Performance of R
Dobutamine Stress Echocardiography
in End-Stage Liver Disease

Anisiia T. Doytchinova, MD,*"” Thomas D. Feigenbaum, MS,* Roja C. Pondicherry-Harish, MD,* Peter Sepanski, PuD,”
Deborah Green-Hess, BS,” Harvey Feigenbaum, MD,” Stephen G. Sawada, MD*

In 633 ESLD patients with a low prevalence of CAD,

TABLE 3 Diagnostic Performance of Dobutamine Stress Echocardiography DSE SE].].Si [iVl[F was lUW (24%) .’:‘Lﬂd SPECiﬁCltF was
" Sensitivity Specificity PPV NV high (90%). The sensitivity varied according to the

=70% stenosis, any vessel 631 24 (17/72) 90 (503/559) 23 (17/73) 90 (503/558) o . .

1-vessel CAD 43 23 10/43) 89 (525/588) 14.00/73) 94 (525/5589) probability of disease and ranged up to 32% in the

2-vessel CAD 18 22 (418) 89 (544/613) 5 (4/73) 97 (544/558) ) i o ) i

3-vessel or left main CAD n 27 G 89 (550/620) aam) 99 (550/558) high-risk group. DSE sensitivity was significantly
=70% stenosis, no branch or distal disease 631 23 (12/53) 89 (517/578) 16 (12/73) a3 (517/558) . . . .
S e wanom  soumsy  ma@m  sewnse) higher in subjects with LVIDd 4.8 cm, when tardo-
=70% stenosis, any vessel, duplicate studies 686 30 (28/94) 89 (525/592) 29 (28/95) 89 (525/591) k_l ne 51 S Or 13(21( Uf hj? p El‘klﬂESl g fl‘DI'[‘l ]D‘W 'tﬂ _pea k d 0se
Values are n or % (n/N). - - - - M

NPV — negative predictive value; PPV — positive predictive value; other abbreviation as in Table 1. WEIE CDIIS]dEtEd markers Df ISEhEl]].]E., and ll] Stl—ldles

performed after January 1, 2015. Sensitivity was not
improved by achievement of the target heart rate.
Patients with CAD and an abnormal DSE had signifi-
cantly worse outcome than those with CAD and a
normal DSE.




STRESS ECHO ME AOBOYTAMINH

ECHO 4C,2C,3C oto tédog kabe orabiow. Xopiynon mopoyovtuwy ovTiBeonc Ko omodnKeuon
ELKOWVUIV OTNWV NPERLN, OF Yopuniec S00EC, oTNV KopUduon KoL 0TV oK T aoTosn

IroyogHR = .
Axpomv
0,85 * (220-age) . lmgrl
. B-blocker
av HR=oroyou

HpEmia | 10wieimn | 20ueimn | 30 upfi/mn AMOKATASTAZH

o 3 G 9 12 15 min

TuvENNC KMVIER EXTLLNTN Kol Kooy poadn aprnpuaknc mieonc, HKT.
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STRESS ECHO ME PETAAENOZINH

ECHO ﬂeeuiaq He ECHO koT& Tn SI&PKEIX TS XOPAYNONC
evbopAcPia adEVOaivNG e EvBOPAEBI XopRyNon
xopnvnon aPayovTwy avtifeong. AmoOnkeuon
Tiapayovtwy eikovwy 4C, 2C, 3C
avtibeong.
AnoOnKevon ELKOVWV
4C, 2C, 3C.
HPEMIA Xopriynon 400mcg peyadevooivng evtog evag Aemttov ANMOKATAXTAZH
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STRESS ECHO ME AZKHIH @
(MOAHAATO)
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\%x Association of HR and CO increase with prognosis (
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SPECT

2.4. SPECT. SPECT is the most widely known nuclear test
for evaluating myocardial perfusion using diffusible radio-
tracers. The sensitivity of SPECT is approximately 90%, and
the specificity is 75-80% in pharmacological stress studies
that use thallium [38]. In liver transplant candidates, however,
SPECT imaging is known to be an inaccurate screening test.
The sensitivity of SPECT is 37% and its positive predictive
value is 22% in comparison with coronary angiography
in liver transplant candidates [39]. Adenosine-SPECT has
a sensitivity of 62% and a positive predictive value of

30% for diagnosing severe CAD in patients with end-stage
liver disease [40]. In patients undergoing orthotopic liver
transplantation, SPECT has a sensitivity of 57%, a positive
predictive value of 28%, and a negative predictive value
of 91% for predicting early cardiac events [13]. A primary
deficiency of SPECT is associated with the vasodilating agents
used (adenosine and dipyridamole). Chronically decreased
arterial vascular resistance in patients with advanced liver
failure may limit the typical vasodilating response of the
coronary arteries to adenosine or regadenoson [39, 40].
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TaBLE I: Clinical applications of CCTA in combination with the CACS in LT candidates.

Patients Ositive criteria; .
Study .. : Clinical outcomes
() positive patients, 1 (%)
- CACS > 300 or > 50% stenosis on CCTA; CCTA and CACS are useful tools for perioperative
Jodocy et al. [24] 54 . .
24 (44%) cardiovascular risk assessments.
Cassagneau et al. [10] 59 > 50% stenosis on CCTA; The pngIIIDSth value of LLT.A is comparable to
6 (12%) dobutamine stress echocardiography.
. Mild to moderate involvement on CCTA; CCTA should be included in routine pretransplant
Chae et al. [11] 247 _ .
27 (11%) cardiac workups.
- CACS > 100; CACS is a valid alternative tool for risk stratification of
Kemmer et al. [25] 85 )
30 (35%) LT candidates.
Kong et al. [20] 143 CACS > 400; CALSl:- 4_[]'{]' isa precyctcrr of cardiovascular
11 (3%) complications following LT.
Poulin et al. [26] 100 Using CCTA in the evaluation of LT candidates is

> 70% stenosis on CCTA and/or CAG;
\gﬂ (20%)

/

challenging but is feasible and safe.

CACS, coronary artery calcium score; Cﬁfwmngiogmph}f; CCTA, coronary computed tomography angiography; LT,

liver transplantation.



Insignificant CAD detected by coronary angiogram <1 year ago with no change in cardiac status

No .[, I Yes
CT Coronary Calcium Score
|
¥ ¥
PECT + 4'
Interventional DSE/SPEC 22 cardiovascular <2 cardiovascular
Cardiology & Clinical € risk factors risk factors
Cardiology
| 1
Coronary v y No CAD
Angiogram ‘ i Ischermia o lschemia ] contraindication
- OkforLT
Case Reassess CAD in 1
3 CAD<70% and/or normal FFR Discussad year: DSE/SPECT %
Cardiology Consult
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CAD270% [—>| Revascularization LT contraindicated
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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, lver transplantation; SPECT, single-photon emission computed tomography.




Table 1. Preoperative assessment of CAD in ESLD patients.

Screening Tests PPV * NPV * Disadvantages in ESLD Patients

Limited accuracy of DSE to detect CAD due to:
- ESLD ]:l-anenh typically have hypercontractile LV

DSE 1 g0, 48100 - the use of b-b]ncke.rs results in Im'.:'-_-*r heart rates -|:.lu n.ng the test
- the presence of ascites may result in pseudodyskinesis of the
posterior wall
- microcirculatory disorders

Limited accuracy of BMPI to detect CAD due to:

- the impaired vasodilatory reserve in ESLD patients may reduce
MPT's 2 15-28% FT100% the effectiveness of a vasodilator stress test

- the presence of image artifacts secondary to splenomegaly and

ascites

False-positive results are possible in case of elevated diffuse

86'% in general 97"% in general calcibication
Moninvasive CCTA o 1N g o I e Major limitations:
tests population population - eohmooicty
ephrotoxicity
- the need for relative bradycardia
Contraindications:
CACs no data comparing CCTA to CA in - severe ascites
T ESDL patients - orthopnea
- hepatic encephalopathy
Limitakions:
- lack of availability /expertise
77% in general %1% in general - high cost
CMR st ) population population - concern about contrast use in patients with reduced GFR
MR stress *

- impossible to scan non MRI conditional devices (metallic clips,
pacemakers and defibrillators)

no data comparing CMR stress to CAin  Contraindications:- severe ascites- orthopnea- hepatic
ESDL patients encephalopathy- claustrophobia

Bonou et al 2021



Take home messages

ESLD is characterized by vasodilation, increased CO and DD

DSE in ESLD has lower utility than in the general population

Increase in CO and HR has prognostic significance
Every patient with ESLD is different
m For excluding CAD CCTA is superior
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