
INTRODUCTION 

Liver transplantation (LT) is considered the only definitive 

therapy for decompensated cirrhosis or severe acute liver 

failure that can improve the expected lifespan and quality of 
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Liver transplantation (LT) is the curative therapy for decompensated cirrhosis. However, an-
esthesiologists can find it challenging to manage patients undergoing LT due to the underly-
ing pathologic conditions of patients with end-stage liver disease and the high invasiveness 
of the procedure, which is frequently accompanied by massive blood loss. Echocardiography 
is a non-invasive or semi-invasive imaging tool that provides real-time information about the 
structural and functional status of the heart and is considered to be able to improve out-
comes by enabling accurate and detailed assessments. This article reviews the pathophysi-
ologic changes of the heart accompanied by cirrhosis that mainly affect hemodynamics. We 
also present a comparative review of the diagnostic criteria for cirrhotic cardiomyopathy 
published by the World Congress of Gastroenterology in 2005 and the Cirrhotic Cardiomyop-
athy Consortium in 2019. This article discusses the conditions that could affect hemody-
namic stability and postoperative outcomes, such as coronary artery disease, left ventricular 
outflow tract obstruction, portopulmonary hypertension, hepatopulmonary syndrome, peri-
cardial effusion, cardiac tamponade, patent foramen ovale, and ascites. Finally, we cover a 
number of intraoperative factors that should be considered, including intraoperative blood 
loss, rapid reaccumulation of ascites, manipulation of the inferior vena cava, post-reperfu-
sion syndrome, and adverse effects of excessive fluid infusion and transfusion. This article 
aimed to summarize the cardiovascular manifestations of cirrhosis that can affect hemody-
namics and can be evaluated using perioperative echocardiography. We hope that this arti-
cle will provide information about the hemodynamic characteristics of LT recipients and 
stimulate more active use of perioperative echocardiography. 
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life [1]. Despite improvements in hemodynamic monitoring 

devices and anesthetic techniques, LT remains an extremely 

challenging procedure for anesthesiologists. Not only does 

the procedure itself pose a high risk of massive blood loss [2], 

but patients with end-stage liver disease (ESLD) are fre-
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quently accompanied by many conditions that contribute to 

hemodynamic instability, such as cirrhotic cardiomyopathy 

(CCM), pericardial effusion, coronary artery disease (CAD), 

portopulmonary hypertension (PoPH), electrolyte derange-

ments, and large amounts of ascites [3–5].  

Echocardiography is a powerful tool that directly visualiz-

es the structural and functional status of the heart in re-

al-time at the bedside [5]. Transthoracic echocardiography 

(TTE) is a non-invasive cardiac investigation technique that 

obtains images from the surface of the body through four 

acoustic windows: parasternal, apical, subcostal, and supra-

sternal notch [6]. Transesophageal echocardiography (TEE) 

is a semi-invasive imaging tool in which the probe is insert-

ed into the esophagus, and images are obtained through the 

esophagus and stomach [7]. Moreover, echocardiography 

provides more reliable measures than traditional pres-

sure-based indicators such as pulmonary artery occlusion 

pressure and central venous pressure. It also has a high diag-

nostic value for detecting systolic or diastolic dysfunction, 

wall motion abnormalities, valvular dysfunction, hypovole-

mia, volume overload, left ventricular outflow tract obstruc-

tion (LVOTO), pericardial abnormalities, intracardiac air, 

and thrombus [5,8]. Echocardiography is gaining popularity 

and is becoming more broadly adopted due to these advan-

tages. TTE is recommended for all LT candidates by the 

American Association for the Study of Liver Diseases (AAS-

LD) [1]. According to the American Society of Echocardiog-

raphy (ASE) guidelines, the usefulness of intraoperative TEE 

during LT is supported by a grade B2 level of evidence [9], 

and TEE has already been widely utilized during LT in the 

United States [10]. In contrast, the use of pulmonary artery 

catheterization has decreased even though it is still recom-

mended and useful [11]. 

Although anesthesiologists cannot fully play the role of 

cardiologists, perioperative echocardiography is still a feasi-

ble and useful option, considering that it provides additional 

accurate and detailed assessments that could affect patient 

management strategies with minimal or no risk to the pa-

tient. Perioperative echocardiography by anesthesiologists is 

especially helpful when performing emergency operations 

because the ability to complete a comprehensive preopera-

tive evaluation of patients is unlikely [12,13]. As the majority 

of liver transplants are from deceased donors worldwide, 

most are likely to be emergency cases. Therefore, periopera-

tive echocardiography by anesthesiologists seems a useful 

tool. Although in Korea, 75.2% of the LT were performed 

with livers from living donors in 2019, deceased donor LT 

still accounted for 24.8% of the cases, which is not a negligi-

ble number [14]. 

PATHOPHYSIOLOGIC CHANGES OF 
CIRRHOSIS AND EFFECTS ON CARDIAC 

FUNCTION 

Cirrhosis results from hepatic inflammation, fibrogenesis, 

angiogenesis, and loss of parenchymal cells. Structural and 

functional abnormalities of the liver lead to increased hepat-

ic resistance and portal hypertension, which underlie most 

of the complications and mortality in patients with cirrhosis 

[15]. Subsequently, systemic vasodilation occurs mainly in 

the splanchnic vasculature bed because of increased circu-

lating endothelial vasodilators from enhanced release and 

impaired degradation [16]. Decreased peripheral vascular 

resistance is initially compensated for by increased cardiac 

output, forming a characteristic circulatory status in patients 

with ESLD known as hyperdynamic circulation [17]. Relative 

arterial underfilling also stimulates baroreceptors and caus-

es expansion of plasma volume with activation of the neuro-

humoral axis, including the renin-angiotensin-aldosterone 

system (RAAS), sympathetic nerve system (SNS), and argi-

nine vasopressin [18]. Prolonged alterations in hemodynam-

ic status and subsequent structural and functional changes 

in the heart could contribute to the development of CCM 

[19]. 

Structural change of heart 

Structural remodeling of the heart has been reported in 

cirrhotic patients, including left ventricular hypertrophy, es-

pecially in the interventricular septum, and increased left 

ventricular end-systolic diameter, end-diastolic diameter, 

and volume of the left atrium. However, the degree of change 

seems modest [20–23].  

Systolic dysfunction  

In cirrhotic patients, systolic dysfunction is related to mor-

tality and severe complications, such as hepatorenal syn-

drome (HRS) [24]. Some of the suspected causes of dysfunc-

tion are diminished β-adrenergic signaling, altered mem-

brane current, and upregulation of endogenous cannabi-

noids and cardio-depressant substances [25–27]. Many cir-

rhotic patients are asymptomatic at rest and show normal or 

enhanced systolic function due to hyperkinetic circulatory 
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abnormalities [28]. However, when physically or pharmaco-

logically challenged, they are unable to increase or even 

show decreased contractility, revealing dysfunction masked 

by hyperdynamic status [29–31]. This could be a plausible 

explanation for the deterioration of subclinical systolic dys-

function to overt heart failure under surgical stress or nor-

malized pulmonary vascular resistance after LT [32,33]. 

The left ventricular ejection fraction (LVEF) is the most 

frequently used parameter to assess systolic function. How-

ever, it is limited in that it can be strongly affected by the 

loading condition, which may mask systolic dysfunction 

when afterload is severely decreased, as in cirrhotic patients 

[34]. Global longitudinal strain (GLS) is an emerging param-

eter for systolic function evaluation that indicates the per-

centage of systolic myocardial shortening in the longitudinal 

direction derived from automated speckle tracking echocar-

diography. GLS has been shown to be superior in detecting 

subclinical systolic dysfunction when LVEF is still within the 

normal range [35,36]. 

Diastolic dysfunction 

Diastolic dysfunction is quite common in cirrhotic pa-

tients, with a reported prevalence ranging from 25.7% to 

81.4% [37]. However, it is associated with adverse outcomes 

such as higher allograft rejection, graft failure, and mortality 

[38]. Diverse mechanisms have been suggested, including 

hypertrophy of the myocardium, cardiomyocyte edema, and 

patchy fibrosis, and consequently, increased stiffness of the 

myocardial wall [25,39]. Sodium retention may also contrib-

ute to diastolic dysfunction in patients [40]. Enhanced RAAS 

seems to play a role in fibrotic changes in the heart [41]. 

Diastolic function can be easily assessed using Doppler 

echocardiographic parameters. Deceleration time, isovolu-

metric relaxation time, and the ratio of early and late trans-

mitral flow velocities (E/A) were included as diagnostic cri-

teria for diastolic dysfunction in the 2005 Montreal guideline 

for CCM. The 2016 American Society of Echocardiography 

and European Association of Cardiovascular Imaging (ASE/

EACVI) guidelines for diastolic dysfunction exploit the fol-

lowing parameters, which are also adopted in the updated 

diagnostic criteria for CCM by the Cirrhotic Cardiomyopathy 

Consortium (CCC): septal or lateral early diastolic mitral an-

nular velocity (e’), E/e’ ratio, tricuspid regurgitation (TR) ve-

locity, and left atrial volume index (LAVI) [42,43]. 

Rhythm disturbance 

There are two main abnormalities in rhythm disturbance: 

autonomic dysfunction and conduction abnormalities. Au-

tonomic dysfunction is associated with increased SNS activ-

ity, reduced heart rate variability, baroreflex sensitivity, and 

chronotropic incompetence. Impaired autonomous nervous 

systems are thought to contribute to hemodynamic dysregu-

lation in patients with cirrhosis [44]. Impaired function of 

the autonomous nervous system can be explained by altered 

lipid metabolism and disturbed nerve integrity, the influ-

ence of vasodilating substances, and inhibition of vagal 

function by increased angiotensin II [45,46]. Chronotropic 

incompetence refers to the inability to respond appropriate-

ly to physiological or pharmacological stimulation with an 

increased heart rate or contractility. Enhanced SNS activity 

and the resultant increased levels of circulating catechol-

amines and downregulation of β-adrenergic receptors are 

thought to be responsible for autonomic dysfunction. This is 

supported by evidence that abnormal cardiac distribution of 

sympathetic activity was observed in a study using meta-io-

dobenzylguanidine (mIBG), an analog of noradrenaline [44]. 

The prevalence is reported as high as 50% in cirrhotic pa-

tients, and the presence of chronotropic incompetence is re-

lated to adverse outcomes. Umphrey et al. [47] showed that 

cirrhotic patients who failed to achieve 82% of the maximum 

predicted heart rate on dobutamine stress echocardiogra-

phy (DSE) were associated with increased perioperative 

complications after LT. 

Prolonged QT interval is the most commonly observed 

conduction abnormality in patients with cirrhosis. The prev-

alence in cirrhotic patients is reported to be 30–60% when a 

rate-corrected QT (QTc) interval >  440 ms is applied as the 

cut-off value [48]. The degree of prolongation seems to be 

affected by the severity of liver disease, as seen in the cor-

relation between the QT interval and Child-Pugh score [49]. 

The suspected mechanism for the abnormality includes po-

tassium ion channel dysfunction, which can deteriorate by 

cytokine release during infection or bleeding [23,50]. QT 

prolongation has been associated with lethal ventricular ar-

rhythmia, especially the type known as “torsades de 

pointes.” Some studies have demonstrated an association 

between QT prolongation and an increased risk of sudden 

death or reduced survival. However, sudden cardiac death is 

rare in cirrhotic patients, and the clinical significance of pro-

longed QT intervals in cirrhotic patients remains unclear 

[48,51]. Atrial fibrillation is frequently encountered in pa-
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tients with cirrhosis. The model for end-stage liver disease 

(MELD) has been shown to be a risk factor for new-onset 

atrial fibrillation. Autonomic dysfunction, inflammatory me-

diators, cytokines, vasoactive substances, and fibrotic path-

ways seem to play a role [52]. Electromechanical uncou-

pling, asynchrony of electrical and mechanical activation, is 

another example of a conduction abnormality reported in 

cirrhosis [53]. 

Right heart dysfunction 

Reddy et al. [54] demonstrated that a high output state in 

cirrhotic patients and increased preload could elevate left 

ventricular filling pressure and, subsequently, pulmonary 

artery pressure. A chronically sustained hyperdynamic state 

may cause enlargement of the right heart and even heart 

failure [43]. Underlying PoPH may also contribute to the oc-

currence of right heart failure [8]. 

CIRRHOTIC CARDIOMYOPATHY: 
UPDATED CRITERIA IN 2019 

These cardiovascular abnormalities, typically accompa-

nied by cirrhosis, can be diagnosed as cirrhotic cardiomyop-

athy when they are severe enough to meet certain criteria. 

CCM refers to a pathological cardiac condition in patients 

with ESLD in the absence of prior heart disease [43]. Initially 

believed to be the result of direct cardiac toxicity of alcohol 

in the 1950s, it was named for the first time in 1989 as ‘cir-

rhotic cardiomyopathy’ and started to be perceived as a syn-

drome of cardiac dysfunction in ESLD patients [55,56]. It was 

more clearly defined at the Montreal 2005 World Congress of 

Gastroenterology as an impaired contractile response to 

stress and/or diastolic dysfunction with electrophysiological 

abnormalities. In addition, diagnostic criteria for CCM have 

been proposed [40]. Recently, updated criteria with modern 

concepts of heart failure were proposed by a multidisci-

plinary expert group called the CCC in 2019 (Table 1) [43]. 

Heart failure is an important cause of death, accounting 

for 7–21% of post-LT mortality. Heart failure is also one of 

the leading causes of hospital admissions, accounting for 

24% of admissions within 90 days of LT in the United States 

[57]. CCM is quite common and is believed to be present in 

approximately half of cirrhotic patients without symptoms at 

rest [58]. However, under conditions that impose physiologi-

cal or pharmacological stress on the heart with CCM, such 

as infections, transjugular intrahepatic portosystemic shunt, 

and surgical stimuli during LT, cardiac dysfunction may be 

unmasked and progress to overt heart failure. Normalization 

of peripheral vasodilation in the post-LT period could also 

be a stressor in the heart with increased afterload and cause 

post-LT heart failure [32,33]. Moreover, the association be-

tween CCM and other conditions such as HRS and increased 

mortality and/or morbidity after therapeutic procedures has 

Table 1. Comparison of the Diagnostic Criteria for Cirrhotic Cardiomyopathy

Type of dysfunction 2005 Montreal criteria 2019 CCC criteria Note

Systolic dysfunction Any of the following is met:
- LV ejection fraction <  55%
- Blunted contractile response on 

stress testing

Any of the following is met:
- LV ejection fraction <  50%
- Absolute GLS <  18% or >  22%

More sensitive for detecting subclinical  
systolic dysfunction

Validity of the adjusted cut-off value for LV  
ejection fraction has been questioned

Diastolic dysfunction Any of the following is met:
- Deceleration time >  200 ms
- Isovolumetric relaxation time  

>  80 ms
- E/A <  1

≥  3 of the following is met:*
- Septal e’ velocity <  7 cm/s
- E/e’ ratio ≥  15
- LAVI >  34 ml/m2

- TR velocity >  2.8 m/s†

Updated to detect advanced diastolic  
dysfunction with increased specificity

Concern exists about the prevalence of ad-
vanced diagnostic dysfunction being too low

Supportive criteria  
Or Area for future  
research

Abnormal chronotropic response Abnormal chronotropic/inotropic 
response

Considered as potential additional markers, 
not diagnostic

Electrophysiological abnormalities Electrocardiographic changes Prolonged QTc is no longer diagnostic

Prolonged QTc interval Electromechanical uncoupling New potential serum biomarkers included  
(i.e., galectin-3)

Enlarged left atrium Serum biomarkers CMRI is included for detecting subclinical  
myocardial dysfunctionIncreased myocardial mass Chamber enlargement

Increased BNP, proBNP, troponin I CMRI

CCC: Cirrhotic Cardiomyopathy Consortium, LV: left ventricle, GLS: global longitudinal strain, E: early transmitral flow velocity, A: late 
transmitral flow velocity, e:’ early diastolic mitral annular velocity, LAVI: left atrial volume index, TR: tricuspid regurgitation, BNP: brain 
natriuretic peptide, proBNP: prohormone of BNP, CMRI: cardiac magnetic resonance imaging. *Diagnosed with advanced (grade II or III) 
diastolic dysfunction. †Primary pulmonary hypertension or portopulmonary hypertension should be ruled out.
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been observed in several studies [51]. Considering its high 

prevalence and harmful effects, it is a noteworthy complica-

tion that should be investigated prior to LT surgery.  

The diagnostic criteria for CCM consist of three categories: 

systolic dysfunction, diastolic dysfunction, and other sup-

portive criteria. In the 2005 Montreal criteria, systolic dys-

function was diagnosed when any of the following criteria 

were met: blunted contractile response on stress testing or 

LVEF <  55%. However, the usefulness of these criteria has 

been questioned for several reasons. First, there is no uni-

versally accepted definition of blunted contractile response. 

Second, stress testing is often limited or possibly confound-

ed by factors such as the common use of β-adrenergic an-

tagonists and the inability to perform exercise stress tests. 

Third, subclinical systolic dysfunction can be masked by de-

creased afterload due to the vasodilatory state of patients 

with cirrhosis. Fourth, together with the reasons mentioned 

above, additional parameters other than LVEF have been 

used to evaluate cardiac functional reserve. Considering 

these, the 2019 CCC guideline re-defined systolic dysfunc-

tion as when any of the following is present: LVEF ≤  50%, 

absolute GLS <  18%, or >  22% [43]. GLS was included as it 

seems to be a more sensitive parameter of systolic function 

and a superior predictor of cardiac events and mortality 

than LVEF. In addition, it is relatively less dependent on 

loading conditions than LVEF [59,60]. Although there are 

limitations in that GLS is affected by age, sex, and loading 

condition, and only limited and conflicting evidence for the 

use of GLS in detecting CCM with normal LVEF is present, it 

is still believed to play a role in detecting subclinical systolic 

dysfunction in cirrhotic patients. Downward adjustment of 

the LVEF cut-off value from 55% to 50% was made without 

any detailed description in the article but was seemingly 

done to reflect normal values in the general population [43]. 

However, some researchers have questioned the validity of 

adjusted LVEF cut-off values based on post-LT mortality [61]. 

According to the 2005 Montreal criteria, diastolic dysfunc-

tion was diagnosed when any of the following criteria were 

met: deceleration time >  200 ms, isovolumetric relaxation 

time >  80 ms, or E/A <  1. However, these parameters can be 

affected by loading conditions and heart rate. In addition, a 

U-shaped relationship with the degree of diastolic dysfunc-

tion renders it difficult to distinguish between advanced and 

normal function [43]. Relatively new guidelines for the as-

sessment of diastolic dysfunction were issued in 2016 by the 

ASE/EACVI. These guidelines have two different algorithms 

for screening and grading. To screen for diastolic dysfunc-

tion, the guidelines recommend four parameters: septal e,’ 

the ratio of E to e’ of the medial wall or average, TR velocity, 

and LAVI. For grading, E/A was used instead of septal e’ ve-

locity [42]. To simplify and integrate the two algorithms, Oh 

et al. [62] proposed a revised unified version that was adopt-

ed in the 2019 CCC criteria. In the 2019 CCC criteria, patients 

who met more than three of the following criteria were diag-

nosed as having advanced (grade II or III) diastolic dysfunc-

tion: septal e’ velocity <  7 cm/s, E/e’ ratio ≥  15, LAVI >  34 

ml/m2 and TR velocity >  2.8 m/s. Notably, primary pulmo-

nary hypertension or PoPH should be ruled out before ap-

plying the TR velocity criterion [43]. Compared to previous 

guidelines, the 2016 ASE/EACVI is considered simpler and 

more specific, with a significantly lower prevalence of dia-

stolic dysfunction. However, there is a concern about the 

possibility that updated guidelines can only detect advanced 

cases [63]. The increased specificity of the 2016 ASE/EACVI 

guidelines was also observed in cirrhotic patients undergo-

ing LT [64]. 

A number of features not included in both the systolic and 

diastolic function sections were classified as supportive cri-

teria in the 2005 Montreal criteria. In the 2019 CCC criteria, 

the supportive criteria section was replaced by ‘Area for Fu-

ture Research Which Requires Further Validation.’ Although 

the names and classifications of features have changed, they 

seem to include roughly similar content, except for several 

updates. The blunted contractile response has moved from 

the systolic dysfunction section to an area for future re-

search, which requires further validation because of the lim-

itations mentioned above. Electrophysiological abnormali-

ties, including prolonged QTc interval, are no longer consid-

ered to have significant diagnostic value for CCM, with prev-

alence as high as 50% in cirrhosis and suspicious predictive 

power for poor outcomes. Serum biomarkers are recom-

mended to be helpful when used in conjunction with imag-

ing studies. A variety of biomarkers, such as nitric oxide, en-

dothelin, copeptin, endocannabinoids, interleukins, and 

galectin-3, have been proposed as potentially useful param-

eters in the future. However, further studies are required to 

confirm their clinical application. In addition, previously 

recommended biomarkers, brain natriuretic peptide, 

pro-peptide N-terminal prohormone of BNP, and  

T- and I-troponin, are still recognized for their clinical im-

portance with their ability to reflect the severity of cirrhosis 

and cardiac dysfunction and predict morbidity and mortali-

ty. Cardiac magnetic resonance imaging is newly included 

in the criteria because it appears to have diagnostic value for 
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subclinical myocardial dysfunction and provides a compre-

hensive evaluation [43]. 

Studies on CCM reported its prevalence to be 46–63% in 

cirrhosis patients when the 2005 Montreal criteria were ap-

plied. Razpotnik et al. [58] conducted a study to compare the 

prevalence of CCM in 122 patients with cirrhosis using dif-

ferent criteria. They found that the overall prevalence was 

slightly higher with the 2005 Montreal criteria than the 2019 

CCC criteria. However, the results differed remarkably be-

tween the two criteria when systolic and diastolic dysfunc-

tions were analyzed separately. When the 2019 CCC criteria 

were applied, the prevalence of systolic dysfunction was 

higher (16.4% vs. 53.3%), while diagnostic dysfunction was 

lower (64.8% vs. 6.4%), reflecting the increased specificity of 

2016 ASE/EACVI guidelines for diastolic dysfunction and 

more sensitive detection of subclinical systolic dysfunction 

by the implementation of GLS [58]. 

OTHER CLINICAL CONSIDERATIONS IN 
CIRRHOTIC PATIENTS 

There are many pathological conditions accompanied by 

cirrhosis that can harmfully affect hemodynamic stability, as 

well as typical cardiovascular abnormalities, including CCM. 

Coronary artery disease 

The risk of ischemic heart disease is higher in patients 

with cirrhosis. Tiukinhoy-Laing et al. [65] evaluated the 

prevalence of CAD in LT candidates without known CAD 

and found that 26% of the patients had moderate to severe 

degree coronary stenosis. This result is consistent with an-

other study that used multidetector computed tomographic 

angiography and found that only 9.2% of LT candidates 

showed normal coronary arteries, and 33.8% had moderate 

to severe stenosis [66]. Moreover, cirrhotic patients with 

non-alcoholic steatohepatitis, independent of traditional 

cardiac risk factors, have an increased perioperative risk of 

cardiovascular complications after LT [67,68]. Thus, it is not 

surprising that the incidence of ischemic events and cardio-

vascular mortality is as high as 2.5–3 times compared to the 

general population matched for cardiac risk factors [69]. 

However, the appropriate evaluation of CAD in patients with 

cirrhosis is limited for various reasons. Stress echocardiogra-

phy, both exercise and pharmacological, is often limited be-

cause of physical constraints, chronotropic incompetence, 

common use of β-adrenergic antagonists, and a chronic 

state of vasodilation [8,70]. These limitations may contribute 

to the limited capability of DSE in LT patients. DSE in cir-

rhotic patients undergoing LT showed low sensitivity and 

moderate specificity for detecting CAD [71,72]. Invasive cor-

onary angiography (CAG) is the gold standard for diagnosis 

and is recommended for patients at a high risk of CAD [73]. 

However, the invasiveness and risk of contrast-induced ne-

phropathy have been concerns for CAG. Compared to CAG, 

coronary computed tomography angiography can be con-

sidered an acceptable non-invasive alternative with high 

sensitivity and negative predictive value [74]. Additional in-

formation about prognosis can be acquired with simple ex-

ercise testing, such as the 6-minute walk test, when available 

[75]. 

Dynamic left ventricular outflow tract obstruction 

LVOTO is defined as a peak Doppler pressure gradient 

equal to or greater than 30 mmHg and is considered hemo-

dynamically significant when the pressure gradient exceeds 

50 mmHg [76]. Although typically related to hypertrophic 

cardiomyopathy or acute myocardial infarction, LVOTO can 

also occur under conditions such as decreased preload, af-

terload, increased heart rate, and contractility, which is sim-

ilar to the pathophysiologic changes in cirrhotic patients. 

Substantial intraoperative blood loss, decrease in systemic 

vascular resistance during the reperfusion period, activation 

of the sympathetic nervous system by surgical stress, and in-

traoperative use of inotropic agents can induce LVOTO [77–

79]. In some patients, LVOTO demonstrated during DSE was 

related to the occurrence of intraoperative hypotension [80]. 

Intraoperative TEE is useful for helping clinicians compre-

hend structural and functional abnormalities from real-time 

images and to guide the appropriate use of fluid and vaso-

pressors [81]. 

Pulmonary vascular complications: portopulmonary 
hypertension and hepatopulmonary syndrome 

Pulmonary vascular complications of cirrhosis occur 

mostly in two forms: PoPH and hepatopulmonary syndrome 

(HPS). PoPH is defined as pulmonary artery hypertension 

that occurs in association with portal hypertension irrespec-

tive of underlying liver cirrhosis [82]. It is related to increased 

mortality and morbidity, with a reported five-year survival of 

14% when not treated and may lead to right heart failure if 

severe [83]. It is also associated with significant perioperative 

www.anesth-pain-med.org 137

Echocardiography and cirrhosis



morbidity and mortality [84]. The current diagnostic criteria 

for PoPH include identified portal hypertension with or 

without cirrhosis, mean pulmonary artery pressure >  25 

mmHg, pulmonary artery occlusion pressure ≤  15 mmHg, 

and pulmonary vascular resistance >  240 dyn·s·cm-5 or 3 

Wood units [85]. The prevalence of PoPH was recently re-

ported to be 6.3–8.5% in LT candidates and showed no asso-

ciation with MELD scores [86,87]. The proposed underlying 

mechanism for PoPH is that increased CO imposes shear 

stress on the pulmonary vascular wall and stimulates the re-

lease of vasoactive proliferative mediators. Moreover, the 

entrance of unfiltered vasoactive substances, bacteria, and 

endotoxins from the splanchnic circulation into the pulmo-

nary circulation via the portosystemic shunt contributes to 

the pathologic change [85]. Echocardiography is considered 

the best screening tool for PoPH [88]. The right ventricular 

systolic pressure can be calculated from the measured peak 

TR velocity using the Bernoulli equation and used to esti-

mate the pulmonary artery pressure. Different cut-off values 

are used depending on the purpose. A cut-off value of 30 

mmHg is highly sensitive (97%) and adequate for screening 

PoPH, whereas a cut-off value of 50 mmHg can be used to 

detect moderate to severe PoPH that should proceed to right 

heart catheterization for diagnosis and further evaluation 

[89,90]. Medical treatments for PoPH include phosphodies-

terase type-5 inhibitors, prostacyclins, and endothelial re-

ceptor antagonists [88]. Although severe PoPH is considered 

a contraindication for LT, PoPH that responds appropriately 

to medical therapy is indicated for LT, and postoperative re-

versal of PoPH has been reported [91]. Maintaining hemo-

dynamic stability is a challenge in patients with PoPH. Phys-

iological disturbances such as hypoxia, hypercarbia, hypo-

thermia, and acidosis should be avoided because they can 

lead to the deterioration of pulmonary hypertension. Judi-

cious fluid infusion is also required because hypovolemia 

and fluid overload can lead to right ventricular dysfunction. 

When right heart function is compromised, several inotropic 

agents or pulmonary vasodilators should be considered [84]. 

Hepatopulmonary syndrome is characterized by intrapul-

monary vascular dilatation (IPVD) and resultant arterial hy-

poxia in patients with cirrhosis [92]. Excessive IPVD leads to 

ventilation/perfusion mismatch, insufficient transit time for 

the oxygenation of red blood cells, intrapulmonary shunting, 

and consequent arterial hypoxia [93]. Contrast-enhanced 

echocardiography can also be used to diagnose HPS. Micro-

bubbles that appear in the left heart between 4–6 beats after 

their appearance in the right heart are considered evidence 

of IPVD [92]. The prevalence of HPS has been reported to be 

15–30% in LT candidates, depending on the study popula-

tion [94]. Cirrhotic patients with HPS show increased mor-

tality and morbidity compared to non-HPS patients. Howev-

er, HPS does not appear to be a direct cause of death. Rather, 

the progression of cirrhosis and associated complications 

are related to adverse outcomes [93]. LT is the only curative 

therapy available for HPS. Although perioperative mortality 

was increased compared to non-HPS patients, Arguedas et 

al. showed that most patients who survived surgery showed 

improvements or resolution of the abnormalities within six 

to 12 months after LT [95]. HPS can manifest as intraopera-

tive and postoperative hypoxia in the perioperative period 

and frequently requires prolonged postoperative mechani-

cal ventilation. However, an analysis of recent studies 

showed that perioperative mortality, which occurred as a di-

rect consequence of HPS, did not increase [92].  

Pericardial effusion and cardiac tamponade  

Pericardial effusion is reported to be common in cirrhotic 

patients, with a prevalence of 4–10% and up to 63% in de-

compensated cirrhosis. The pathophysiology of cirrhosis, 

including fluid retention, seems to play a role, and effusion 

is reported to resolve after LT [96,97]. The estimated size of 

effusion and presence of hemodynamic compromise should 

be evaluated using echocardiography [98]. Hemodynamic 

compromise can be assessed by chamber collapse and char-

acteristic alterations of mitral and tricuspid flow according 

to respiration [99]. Preemptive drainage can be considered 

when a large amount of effusion with a possible risk of he-

modynamic compromise is identified [100]. Rarely, tense 

ascites can also compress the heart, causing hemodynamic 

compromise with a constrictive pathology [101]. 

Patent foramen ovale 

Patent foramen ovale (PFO) is quite common in the gen-

eral population, with a prevalence of PFO from autopsy 

studies of around 26% [102]. PFO has been associated with 

cryptogenic stroke, although its clinical significance and 

need for extensive closure are controversial [103]. The risk of 

paradoxical embolism in LT recipients is expected to in-

crease further because remarkable hemodynamic changes 

and large fluid shifts might change intracardiac flow dynam-

ics, and air emboli can be formed during surgery. Despite 

the theoretical possibility of paradoxical embolism and the 
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presence of several reported cases, data on perioperative 

stroke in cirrhotic patients with PFO is too rare to evaluate 

the incidence [104]. Furthermore, several studies have re-

ported no increased adverse outcomes in patients with PFO 

following LT [105,106]. Hence, it is advised not to close the 

PFO in patients without a previous history of stroke before 

LT [104]. 

Ascites 

Removal of large-volume ascites results in the faster reac-

cumulation of ascites and hypotension in patients with cir-

rhosis. Although not yet fully understood, suspected patho-

physiology includes simple fluid shifting and, more impor-

tantly, mechanical decompression followed by a decrease in 

systemic vascular resistance in response to increased perfu-

sion and shear stress [4,107]. Drainage of large-volume asci-

tes is believed to contribute to fluid shift and intraoperative 

hypovolemia during the preanhepatic phase of LT [108]. 

CLINICAL CONSIDERATIONS FOR 
INTRAOPERATIVE RISK OF LIVER 

TRANSPLANTATION 

Intraoperative hemodynamic instability during LT is asso-

ciated with various contributing factors. Intraoperative 

blood loss is one of the most common and important risk 

factors. LT frequently results in massive blood loss. A recent 

study investigated 108 LT patients with an average intraoper-

ative blood loss of 1,505.8 ml. Blood loss of more than 1,000 

ml was observed in 72.2% of cases and more than 2,000 ml 

in 14.8% [109]. Although several possible predictors have 

been suggested, massive blood loss is still considered unpre-

dictable with conflicting and inconsistent results. Therefore, 

sufficient intravenous access and blood products should be 

prepared before surgery [110]. The aforementioned abdomi-

nal decompression by drainage of ascites and opening of the 

abdomen may also contribute to decreased preload with va-

sodilation and reaccumulation of ascites [4,107]. Intraopera-

tive manipulation of the inferior vena cava (IVC), including 

clamping of the IVC during the anhepatic phase and release 

for reperfusion, is another major contributor to abrupt 

changes in the preload during surgery. During clamping of 

the IVC, the significantly decreased preload should be re-

placed with fluid resuscitation to maintain hemodynamic 

stability. However, a decrease in preload is transient, and ex-

cessive fluid infusion may result in worsened hemodynamic 

instability, especially in the setting of right ventricular dys-

function [111]. Fluid overload is strongly associated with 

postoperative pulmonary complications [112]. In addition to 

fluid infusion, the transfusion of blood products is associat-

ed with pulmonary complications through transfusion-asso-

ciated circulatory overload and transfusion-related acute 

lung injury [113]. Therefore, judicious fluid infusion and 

transfusion are required, and intraoperative TEE can be use-

ful for guiding fluid infusion and transfusion when used in 

conjunction with hemodynamic parameters [114,115]. The 

reperfusion phase, which starts with unclamping of the IVC, 

is considered the most critical stage of LT in which major he-

modynamic events are frequently encountered. Post-reper-

fusion syndrome (PRS) refers to an event that presents as se-

vere hypotension, bradycardia, and low systemic vascular 

resistance within 5 min after unclamping. Cold, acidic, hy-

perkalemic blood that contains vasoactive inflammatory 

substances from ischemic grafts is thought to be responsible 

for PRS [116]. The relationship between PRS and CCM is not 

yet clear, with insufficient and inconsistent data. However, 

one study demonstrated a correlation between diastolic dys-

function and PRS, indicating a possible association [117]. 

These intraoperative hemodynamic instabilities and meta-

bolic changes impose remarkable stress on the recipient’s 

heart. As shown by the association mentioned above be-

tween cardiac dysfunction and adverse outcomes, cirrhotic 

patients with cardiac dysfunction may be more vulnerable 

to such stress. Unfortunately, there is no reliable method for 

identifying LT candidates with a high risk of perioperative 

cardiac complications. 

CONCLUSIONS 

Cardiovascular abnormalities are frequently observed in 

patients with ESLD. Although LT is the only definitive thera-

py for ESLD, LT imposes remarkable stress on the heart, 

such as rapid hemodynamic changes and metabolic distur-

bances. As a result of underlying pathological conditions 

and acute stressful stimuli, cardiovascular complications ac-

count for a considerable portion of perioperative morbidity 

and mortality in LT recipients. Echocardiography is a power-

ful non- or semi-invasive tool that directly visualizes the 

structural and functional state of the heart, such as chamber 

sizes, systolic and diastolic function, valvular function, and 

pulmonary artery pressure. It can be used to evaluate the 

heart condition prior to surgery and intraoperatively to as-

sess hemodynamic status. The usefulness of echocardiogra-
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phy can be inferred from the fact that the AASLD recom-

mends the preoperative use of TTE for all candidates, and 

the ASE recommends intraoperative TEE with a grade B lev-

el of evidence. We recommend the use of preoperative TTE 

and intraoperative TEE for LT, if not contraindicated. CAG or 

coronary computed tomography angiography should be 

considered in patients with a high risk of CAD, as stress 

echocardiography is often limited. Broader application of 

echocardiography and further research would be able to im-

prove LT outcomes in the future. 
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