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ABSTRACT

Liver cirrhosis (LC) is an important cause of mortality. Access to liver transplantation (LT) has significantly
improved the prognosis of LC. A rigorous pre-transplant cardiac evaluation is mandatory, since cardiac
dysfunction is considered the main cause of mortality after LT. Notwithstanding, the most updated pre-LT
evaluation guidelines provide only an algorithm for the evaluation of major cardiovascular diseases, with
no specific recommendations concerning cirrhotic cardiomyopathy (CCM), which is linked to various
complications in LC, especially the development of heart failure after invasive procedures and surgical
interventions, including LT. CCM is characterized by a cardiac dysfunction that includes systolic and/or
diastolic dysfunction and/or electrophysiological abnormalities, in the absence of other known cardiac
diseases. The role of the novel methods, tissue Doppler imaging and speckle tracking echocardiography, might
be essential in the early detection of cardiac dysfunction, with prognosis implications in LC. All these new
methods were only recently included in the CCM diagnosis algorithm. This review summarizes the old and
novel techniques used for the diagnosis of CCM, with their diagnosis and prognostic role. It also highlights
the strengths and the weaknesses of the new provided CCM diagnostic consensus, and proposes a step-by-
step novel diagnostic algorithm, in order to better detect cardiac dysfunction.

Key words: cirrhotic cardiomyopathy — diastolic dysfunction — systolic dysfunction — cardiac biomarkers —
speckle tracking echocardiography — tissue Doppler imaging.

Abbreviations: ASE: American Society of Echocardiography; CCM: cirrhotic cardiomyopathy; CO:
cardiac output; DD: diastolic dysfunction; EACVI: European Association of Cardiovascular Imaging; ECG:
electrocardiogram; GLS: global longitudinal strain; HF: heart failure; HFpEF: HF with preserved ejection
fraction; HR: heart rate; IVRT: isovolumetric relaxation times; LA: left atrium; LASr: left atrial reservoir strain;
LAVi: left atrial volume; LC: liver cirrhosis; LT: liver transplantation; LV: left ventricle; LVEF: left ventricular
ejection fraction; LVFP: left ventricular filling pressure; SE: stress echocardiography; STE: speckle tracking
echocardiography; SVR: systemic vascular resistance; TDI: tissue Doppler imaging; Tpl: troponin I; TV:
tricuspid velocity; 2DE: two-dimensional echocardiography; 3DE: three-dimensional echocardiography.

INTRODUCTION

Liver cirrhosis (LC) has a
high impact on public healthcare,
representing an important cause
of mortality worldwide [1]. Some
patients with LC develop a
progressive cardiac dysfunction,
a condition named cirrhotic
cardiomyopathy (CCM),
that consists of an impaired
ventricular performance to
different stressful conditions,

and may not be clinically significant at rest because of the
high cardiac output (CO) and low systemic vascular resistance
(SVR), both present in late stages of LC [2]. All recent data
support the concept of an intrinsic myocardial dysfunction
generated by various neuro-humoral substances, correlated
with the severity of LC [3]. Although cardiac mortality after
liver transplantation (LT) is still high, it cannot be adequately
predicted by the conventional echocardiography parameters
[4]. The role of novel methods, such as tissue Doppler imaging
(TDI) and speckle tracking echocardiography (STE) in the
diagnosis and prognosis of CCM are still a matter of debate.
These innovative methods might be essential in the early
detection of cardiac dysfunction in LC patients, who express
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a high variability of loading conditions. Moreover, the role
of cardiac biomarkers as diagnostic criteria, and their cut-off
values for the detection of cardiac dysfunction in LC patients
are not yet established..

Although heart failure (HF) due to CCM is claimed to be
the third cause of mortality after LT [3], the most updated
pre-LT evaluation guidelines provide solely an algorithm for
the evaluation of major cardiovascular diseases, and it does
not give any recommendations regarding CCM [4, 5]. Novel
definition criteria were recently published in 2019, trying
to incorporate significant advancements in cardiovascular
imaging [6]. However, this new consensus definition has still
uncovered areas that need to be improved.

This review summarizes old and novel imaging methods
for the evaluation of cardiac function in LC patients, and their
diagnosis and prognostic role. It also highlights the strengths
and the weaknesses of the new provided CCM diagnostic
criteria, and proposes a new step-by-step diagnostic algorithm
for CCM that should be tested under real life conditions, and
which we consider useful especially in the pre-LT evaluation.
The implications of porto-pulmonary hypertension and
hepato-pulmonary syndrome will not be discussed here, being
a completely different entity generated by LC.

DEFINITION OF CIRRHOTIC
CARDIOMYOPATHY

Cirrhotic cardiomyopathy was defined in 2005 in Montreal,
Canada, as a chronic cardiac dysfunction in patients with LC,
in the absence of an intrinsic cardiac disease [7]. Recently,
new diagnostic criteria were provided by an expert consensus

[6]. Cirrhotic cardiomyopathy includes a variety of structural
myocardial changes, systolic and diastolic dysfunction, and/
or electrophysiological abnormalities, associated with an
augmented vascular function [8-10]. This cardiac dysfunction
is usually asymptomatic at rest, and it is manifested as a
suboptimal ventricular response at an increased demand such
as LT, other major surgery, and infections [7]. Comparative
diagnostic criteria for recognition of CCM, as they were
provided in 2005 and 2019 consensus meetings, are described
in Fig. 1, which we will refer further as “old” and “novel”
criteria.

Old definition criteria were based on conventional two-
dimensional echocardiography (2DE), which has subsequently
been proven to be able to identify only the late stages of
cardiac dysfunction [8-14]. According to the last guidelines
of the European Association of the Study of the Liver (EASL),
conventional 2DE is required in all LT candidates for the pre-
procedural evaluation and risk stratification [4]. However, with
this conventional approach, CCM often remains unrecognised.
Recently, by using TDI and STE, many studies tried to better
define this entity [11, 13, 15-20]. These new imaging modalities
have been already validated for the detection of subclinical
cardiac dysfunction in many other cardiac diseases, and TDI
is now a “must” in the algorithm of diastolic dysfunction
(DD) detection and left ventricular filling pressure (LVFP)
characterization in all cardiac diseases [21].

Accordingly, the novel CCM consensus proposed updated
criteria based on modern concepts from the HF field, including
the integration of STE into routine clinical practice and the
new classification of DD (Fig. 1). Similarly, serum levels of
natriuretic peptides, troponin, and different profibrotic and

\ CIRRHOTIC CARDIOMYOPATHY |

NO significant cardiopulmonary disease

Diagnostic criteria 2005

|}

Systolic dysfunction |
- LVEF atrest < 55%; |

- Abnormal systolic contractile responses to stress |
(psychological/ pharmacological) * |
AND/OR |

Diastolic dysfunction
- E/A ratio (age corrected) <1; :
- TDE> 200 msec; I
- IVRT>80 msec; |

Supportive (but not diagnostic) criteria*

= Prolonged QTc interval;
- Chronotropic incompetence to stress;
- Electromechanical uncoupling/dyssynchrony;
- Left atrial enlargement;
= Left ventricular hypertrophy;
- Elevated BNP, NT-proBNP or troponin

| Diagnostic criteria 2019

Systolic dysfunction
- LVEF atrest < 50%;
- Absolute GLS <-18%

AND/OR
Diastolic dysfunction (2 3 of the following)
- Septal E' velocity <7 cm/sec
- E/E' ratio 215;
- LAVi >34 mL/im?;
- TR velocity > 2.8 m/sec

- grading score in 3 grades:

- if grade is indeterminate use additional parameters *
- IVRT
-PV
- Valsalva
- atrial strain

Fig. 1. Comparative diagnostic criteria of the cirrhotic cardiomyopathy according to the 2005 and 2019 definitions
LVEEF: left ventricular ejection fraction; E/A ratio, ratio between E, peak velocity blood flow in early diastole; A: peak
velocity blood flow in late diastole; TDE: E-wave deceleration time; IVRT: isovolumetric relaxation time; QTc: corrected
QT interval; BNP: brain natriuretic peptide; NTproBNP: N-terminal prohormone of BNP; GLS: global longitudinal strain;
E’: early diastolic velocity from the pulsed-wave tissue Doppler imaging; E/E’ ratio: ratio between E and E’ velocity; LAVi:
indexed left atrial volume; TR: tricuspid; PV: pulmonary vein flow; *No cut-off values/definition provided.
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proinflammatory markers are reported to be elevated in LC
patients, but the role of these markers in the diagnosis and
prognosis of CCM is not well established [6, 17-19].

DIAGNOSTIC METHODS

Liver cirrhosis patients should have biological,
electrocardiographic, and imaging evaluation for the
diagnosis of cardiac dysfunction, irrespective of the stage of
LC, but especially as a part of pre-LT evaluation [4, 6]. In early
stages, DD precedes systolic dysfunction, both progressing
concomitantly with the progression of the liver disease [22-24].
Since LC patients have an important peripheral vasodilation,
this is a natural way of self-treating the development of overt
HF [25, 26]. Liver transplantation represents perhaps the most
significant cardiac challenge in LC patients. Notwithstanding,
in the perioperative period, the significant fluctuations in
pre- and afterload are translated into half of these patients
developing HF within the first postoperative week [23, 24]. The
novel 2019 CCM definition, by including STE and an updated
algorithm for DD detection, seems to make a big step forward
for a better detection of cardiac dysfunction in LC. However,
important unanswered questions should be clarified: i) the
optimal echocardiographic parameters; ii) the prognostic
role of the novel TDI and STE methods; iii) utility of stress
echocardiography (SE) to unmask myocardial dysfunction
if not present at rest and its feasibility in LC patients; iv) the
added value of the cardiac magnetic resonance imaging (CMR)
and of cardiac biomarkers.

Transthoracic echocardiography at rest

Systolic function. It is now accepted that systolic
dysfunction is mostly latent in LC patients [13-20]. But
although left ventricular ejection fraction (LVEF) at rest is
normal, there are subtle changes in myocardial function that
might be detected by using TDI and STE [13-20]. LVEF by
2DE is the most widely used parameter for the left ventricular
(LV) systolic function assessment. Most studies found that
LVEF is normal in LC patients at rest [16-26]. According to
the current echocardiographic guidelines, an LVEF of less than
52% in men and 54% in women, by 2DE, suggests systolic

dysfunction [27]. However, choosing a higher cut-oft value
(55-60%) might be necessary for LC patients, due to their
decreased afterload and increased preload, which could explain
the normal LVEF values found in the majority of the studies
[16-26, 28]. Noteworthy, LVEF < 60% was recently reported in a
very large group of LC patients strongly associated with higher
post-LT mortality rates in the MELD >20 subgroup, suggesting
that systolic dysfunction and severity of liver disease must be
evaluated simultaneously in the pre-LT assessment protocol
[28]. In conclusion, we recommend that the threshold for the
diagnosis of LV systolic dysfunction in LC patients should be
maintained at a higher cut-oft (LVEF<55%), different from that
of the 2019 consensus definition (LVEF<50%).

Myocardial deformation evaluated by STE, already
validated for the assessment of regional and global myocardial
function [29], has been proposed for the assessment of early
cardiac dysfunction in LC patients (Fig. 2). The advantage is
that deformation is less load-dependent, when compared with
standard 2DE. The American Society of Echocardiography
(ASE) and the European Association of Cardiovascular
Imaging (EACVI) guidelines define global longitudinal strain
(GLS) less negative than -16% as abnormal, GLS -18% or
greater as normal, and GLS -16% to -18% as borderline in
adults [6, 27]. Some STE studies have shown that LC patients
had reduced GLS, despite still having normal LVEF [18, 19,
30-32], while other studies found no differences in GLS in LC
patients with different grades of LV diastolic, but not systolic
dysfunction [17, 20]. In these circumstances, the novel 2019
CCM consensus includes GLS evaluation by STE in LC patients
with preserved LVEE Thus, diminished LVEF or diminished
GLS in preserved LVEF, in the absence of known cardiac
disease, should be used for the diagnostic of CCM (Fig. 1).

Regarding LT, few studies evaluated the changes in systolic
function post-LT. Three of them showed a reduction in LVEF
post-LT, but this decline was clinically insignificant [2, 23, 33,
34]. In one of these studies, although GLS remained within
the normal range, there was a slight improvement of GLS at 18
months after LT [34]. In another study, comparison between
the systolic response to stress before and after LT showed an
improvement 9 months after transplantation, linking once
more LC and CCM |2, 23].

Fig. 2. Assessment of the left ventricular myocardial deformation by speckle-tracking-
echocardiography. A. Bull’s eye reflecting global longitudinal deformation of the left ventricle
(GLS) by speckle-tracking-echocardiography in a 55 year -old liver cirrhotic men, Child C, with
preserved ejection fraction and diastolic dysfunction grade 2. GLS =-13% suggests a significantly
decreased longitudinal deformation (red segments, normal deformation, light red decreased
strain, white no deformation at all, and blue segments dyskinesia) B. Normal GLS in a normal
subject with similar age and gender.
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In summary, GLS measured by STE might be a more
accurate parameter for the detection of LV dysfunction as
compared to LVEE This parameter should be incorporated
into the definition of CCM, as an alternative parameter in the
context of preserved LVEE

Although three-dimensional echocardiography (3DE) is
now available in clinical practice, this imaging technique is
highly dependent on image quality and the patient’s capacity
to hold their breath, which may limit its applicability in LC
patients [27, 32]. Contrast echocardiography can offer an
improved endocardial border detection, and thus a more
accurate evaluation of systolic function, especially in patients
with poor acoustic windows. However, there are no data in
LC patients.

Diastolic function. Diastolic dysfunction is in fact the
cornerstone of CCM diagnosis. The prevalence of DD in LC
patients is reported between 40 to 60% [16, 18, 19, 25]. All
key mediators involved in the pathogenesis of CCM mainly
affect the LV diastolic properties, with increased stiffness of
the ventricular wall and decreased myocardial compliance
and relaxation (Fig. 3). In the long-term, the consequences
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are subendothelial oedema, mild myocardial hypertrophy
and fibrosis, followed by myocyte apoptosis [35-40]. Cirrhotic
cardiomyopathy should thus be regarded as a particular type of
HE difficult to be recognized because of the combination of low
afterload and high preload conditions. However, similarly to
the other types of HE, 2DE plays the key role in its evaluation.
Echocardiographic changes in CCM include increased LV
diameter, increased LV mass, thickened LV walls, increased
indexed left atrial volume (LAVi) and DD, the latter considered
to be a predictor of mortality not only in LC patients in general,
but also in transplanted patients [41-43]. In the old definition
of CCM, DD was expressed only as decreased peak E velocity
(early rapid filling phase), prolonged deceleration time and
isovolumetric relaxation time (IVRT), and an increased atrial
contribution to the late ventricular filling (A wave) manifested
as a decreased E/A ratio. But since E/A ratio is significantly
dependent on loading conditions, for which LC patients have
important variability, other parameters should be used for
DD diagnosis. Moreover, the 2005 definition refers only to
the impaired relaxation pattern of DD, completely excluding
all other types of DD [2, 20] (Fig. 1).

Gut bacteria

Portal hypertension translocation
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Diastolic and systolic dysfunction ‘

chronotropic dysfunction

Fig. 3. Complex physiopathology of the cirrhotic cardiomyopathy. RAAS: renin
angiotensin aldosterone system; IL: interleukin; TNFa: tumor necrosis factor a; TGF(:
transforming growth factor §; NO: nitric oxide (modified from Rimbas et al. [2]).
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Tissue Doppler imaging is a well validated imaging
technique for DD evaluation [21]. By TDI the diastolic tissue
velocity of mitral annulus (E') can be measured. At present, the
E/E’ ratio is used to estimate LVFP, as recommended by the
ASE guidelines for the evaluation of DD [21]. Different studies
suggested that the presence of DD in LC patients, assessed by
using ASE guidelines, is related to mortality, and E/E’ ratio
is an independent predictor of mortality [41, 42, 44]. In the
largest study to date, Cesari et al. [45] also proved that the E/E'
ratio can be used accurately to estimate LVFP in LC patients.
These data convinced the experts to include this parameter
in the novel consensus definition of CCM. However, a recent
meta-analysis reported insufficient evidence to support E/E'
ratio as a reliable parameter for the quantification of LVFP in
patients with HF with preserved ejection fraction (HFpEF),
concluding that this parameter should not be used alone for
the estimation of LVFP [46]. We previously demonstrated that
another parameter, the IVRT/TE-E' ratio<2.45 (time from
onset of E to E' wave), instead of E/E' ratio, should be used for a
better estimation of LVFP [20]. It was found to be independent
of loading conditions, and might predict mortality better than
E/E’ ratio in the DD subgroup [20].

An increase in LAVi was interpreted in some studies as
a marker of DD in LC patients [37]. Other studies suggested
that the increased LAVi is rather related to the high preload
and should not be used as a single marker of DD [2, 30, 32].
However, LAVi is a mandatory measurement for the assessment
of DD in the 2016 ASE guideline [21]. Besides, left atrium (LA)
reservoir function evaluated by STE seems to correlate better
with LVEP than LAVi or E/E’ ratio in LC patients, and might
be used to improve DD quantification in these patients [30, 32]
(Fig. 4). This is also specified in the 2019 consensus definition,
to be used in unclassifiable cases, but without a clear cut off.

Another important issue is the severity of DD in LC
patients, usually classified from mild (grade 1) to severe
(grade 3). Many recent studies have shown that the majority
of the cirrhotic patients have mild or moderate DD, while
only a minority of them have a restrictive pattern [20, 45,
47]. Importantly, DD severity correlates with the severity of
the liver disease [42, 47]. However, this grading system has
been incorporated only in the updated definition of CCM [6].
The ASE algorithm for DD quantification in general cardiac
pathology, proposed by the experts, includes TDI mitral
annulus velocities, PW Doppler mitral inflow, E/E’ ratio,
tricuspid velocity (TV) and LAVi [21]. It recommends four
variables for identifying DD, and specifies their cut-off values:
annular septal E'<7 cm/sec or lateral E'<10 cm/sec, average
E/E'ratio>14, LAVi >34 mL/m?and elevated pulmonary artery
pressure predicted by TV>2.8 m/sec [21]. If three variables or
more are abnormal, DD is present, and E-wave and E/A ratio
determines its severity or grading. If three or more variables
are normal, DD is absent. When only two of the variables are
abnormal, DD cannot be declared [21]. In these uncertain
cases, it was recently suggested that LA reservoir strain (LASr),
evaluated by STE, might improve DD detection, when all
other parameters give conflicting information. Because the
primary function of the LA is to modulate LV filling, it seems
reasonable that functional LA changes will become evident at
the earliest stages of LVDD, even before volumetric changes

[48-50]. Measurement of LASr seems to improve the diagnostic
accuracy of both DD and HFpEF algorithms [48]. A cut off
value of LASr<35% suggests functional abnormality of LA even
in normal LAVi [48]. Moreover, cut-off values corresponding
to each DD grade were recently provided by a panel of experts,
LASr between 35 to 24% for grade 1, between 24 to 19% for
grade 2, and LASr <19% for grade 3 [48]. LASr < 20% was
invasively validated as an optimal parameter to detect elevated
LVFP. The improvement of DD classification using LASr
compared to the guidelines was found more pronounced in
subjects with normal LV function [51]. In summary, in LC
patients, in which LAVi is almost always higher than normal,
due to high preload conditions, the use of LASr to estimate
elevated LVFP might be more accurate than the current 2016
DD guidelines approach. Thus, the introduction of LASr into
the non-invasive assessment of LV diastolic function might
improve the detection of elevated LVFP in LC.

The novel 2019 CCM consensus proposed a new adapted
algorithm for detection and grading of DD, unpublished yet,
and without validation [6]. To illustrate difficulties in DD
quantification in LC patients, Cesari et al. [45] used all the
classification systems for DD evaluation proposed so far by
the ASE/EACVTI in 2009 and 2016, and by the 2016 Thorax
Centre algorithm [21, 52, 53]. It is the largest prospective
study to date (115 LC patients followed up for at least 6 years
for fatal outcome), aimed to establish the prognostic value
of different echocardiographic parameters in addition to
clinical and main hemodynamic parameters. Noteworthy, the
difference in the prevalence of LVDD was significant between
algorithms, emphasizing the idea of a major methodological
gap in the quantification of DD in LC patients [54]. Thus, it
is obvious why it is so important to reach a better definition
for the quantification of the rest myocardial dysfunction,
as a reference standard, and to define its contribution to
mortality in LC patients, transplanted or not. It is essential
to identify echocardiographic predictors of a worse outcome,
especially since elevated LVFP cannot be assessed by cardiac
catheterization in the majority of LC patients.

The 2016 ASE/EACVT algorithm was found to be more
user-friendly and efficient than the 2009 algorithm, and has
demonstrated that it can provide accurate estimates of LVFP
in the majority of patients when compared with invasive
measurements [50, 51]. Therefore, we suggest that the 2016
ASE/EACVT algorithm for the detection and grading of DD,
already invasively validated, should be incorporated into the
evaluation protocol for CCM, instead of the recently proposed
DD grading from the CCM consensus, which has not yet been
validated in other cardiovascular diseases [6].

Stress echocardiography

Some LC patients have symptoms such as dyspnoea only
during exercise. Accordingly, 2DE at rest could be insufficiently
sensitive to identify cardiac abnormalities in these patients
[2]. Stress echocardiography is used for the detection of
chronotropic dysfunction, as part of the cardiovascular risk
assessment of LC patients before LT. This phenomenon is
diagnosed when the achieved heart rate (HR) is less than 85%
of maximal predicted HR, and represents a strong independent
predictor of major cardiovascular events. It occurs in 26-37%
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of the end-stage LC patients undergoing SE [55], and can be
explained by down-regulation and desensitization of the beta-
adrenergic receptors in the sino-atrial node [56]. However, its
predictive value for the presence of CCM is not well established
[57-59].

The current definition specifies that although the LVEF
is normal at rest, contractile response to stress is impaired.
Stress echocardiography might be used in patients with LC
because it allows a dynamic assessment of the myocardial
function under physiological or pharmacological stress, in
order to unmask cardiac dysfunction, similarly to clinical
stressful conditions such as major surgical interventions [58-
62]. Stress echocardiography can be done, either by exercise
- the modality of choice for patients capable of physical effort,
or by pharmacological stress - with dobutamine [57, 64].
However, the pharmacological stress might not reproduce the
complex haemodynamic and neurohormonal changes induced
by exercise. By using a supine bicycle, the echocardiographic
acquisition can be performed throughout the test. The
abnormal LV response during exercise consists of a failure to
augment ejection fraction by >5% in response to stress [32,
63]. In patients with normal LVFP at rest, the SE may uncover
an increased LVFP in response to exercise, due to impaired
diastolic reserve, identified by an increase in E/E’ ratio [60].
A conclusive negative SE have a high negative predictive value
for cardiac events after LT [55].

Measurement of the E/E’ ratio during exercise is feasible
and has been invasively validated for the estimation of raised
LVEP, an E/E’>15 accurately identifying increased LVFP (>15
mmHg) [64, 65]. However, there are conflicting data regarding
the utility of SE in CCM diagnosis, mostly generated by the
inability to achieve the predicted HR target [11, 57, 58].
Up to 56% of SE studies in LC patients have been reported
as inconclusive [9]. Barbosa et al. [57] suggested SE as an
important tool for the diagnosis of CCM. Their findings might
explain the development of acute pulmonary oedema after
trans-jugular intrahepatic portosystemic shunt insertion and
LT, as both interventions generate a sudden increase in preload
and, consequently, a rise in LVFP.

Stress echocardiography is now considered very useful
in the HFpEF diagnosis, as a functional marker, in the most
recent published guidelines [65]. Stress echocardiography

GS. /-l‘

LA reservoir strain = 12%

Fig. 4. Evaluation of the left atrial (LA) myocardial deformation

should be considered abnormal if average E/E’ ratio at peak
stress increases to =15, with or without a peak TV >3.4m/s
[65]. However, the recent CCM definition consensus does not
include SE in the diagnosis algorithm, and reserves it only for
research purposes [6]. We consider that SE should be part of
the diagnosis protocol in all uncertain cases, as the CCM is
a particular type of HF with low afterload and high preload.

In summary, taking into account all these data about
the diagnostic potential and limitations of the old and novel
echocardiographic parameters, we suggest that the cardiac
evaluation in LC should be improved. Since each parameter
alone has some potential limitations, the diagnosis of DD
should not rely on a single measurement and rather a multi-
parameter approach should be used, in a step-by-step fashion,
in order to better classify the severity of DD and, importantly, to
estimate LVFP in the context of high preload conditions. Also,
SE should be used in selected cases to unmask DD. Therefore,
we propose a new step-by-step algorithm for the evaluation
of LC patients (Figs. 5 and 6), which takes into account all
new published data about CCM, and all new guidelines from
the echocardiographic evaluation in the field of HE discussed
above.

Cardiac magnetic resonance

Cardiac magnetic resonance imaging is considered as a
“gold standard” for accurate assessment of the LVEF, chamber
volumes, myocardial fibrosis and oedema, prior to the onset of
LV dysfunction. The presence of late gadolinium enhancement
was found in LC patients, regardless of the cause of liver
disease, even if it appears more pronounced in patients with
alcoholic LC [2, 6, 66]. Studies using CMR in cirrhotic patients
have shown increased LAVi, LV end diastolic volume, and LV
hypertrophy [66]. Structural changes in CCM were found
to be similar to the findings in patients with myocarditis,
with a non-specific patchy distribution [67]. However, the
applicability of CMR for CCM diagnosis is low, mainly due to
a non-specific pattern.

Electrophysiological changes

At present, electrocardiographic (ECG) findings are of
limited value in CCM [6]. The pathophysiologic consequences
of LC are prolongation of the QT interval, chronotropic

NORMAL

/ GSA+

GSA-

LA reservoir strain = 36%

. TR

by speckle-tracking-echocardiography

A. Decreased LA booster (GSA-), conduit (GSA+), and reservoir strain (the sum of GSA- and GSA+ in absolute
values), in a female patient with liver cirrhosis, 52 years old. LA reservoir, booster, and conduit strains are assessed
from apical 4-chamber view. B. Normal atrial deformation in a normal subject with similar age and gender.
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Exclude significant cardio-pulmonary diseases (clinical, 2D echo, other)
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Tachycardial severe

Are there complicating factors?
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volume/central hypovolemia (| CO/EDV)

YES /

Postpone evaluation later after
hemody ic correction

NO

[ 2D echocardiography at rest (conventional, TDI, STE)

|

Systolic dysfunction at rest
v" LVEF at rest < 55%

¥ GLS by STE< - 18 % (for LVEF 50-55%)

o
.

Diastolic dysfunction (= 3 parameters
v LAVi > 34 ml/m2

G
¥ annular E' velocity: septal E'<7 cm/sec or lateral E' <10 cm/sec

v average E/E’ ratio > 14 at rest

v elevated PAPs - TV >2.8 m/sec -

NO

v LA reservoir strain <35% at rest

¥ Stress echo to unmask dysfunction
(E/E’ at exercise >15 and/or TV>3.4 m/sec)

v Abnormal systolic contractile responses to SE

'\ ¥ NT-proBNP > 125 pg/mi

/.® N

Diastolic dysfunction
grade and LVFP
assessment for prognostic
YES stratification
(see Figure 6)

l

Cirrhotic cardiomyopathy improbable

Fig. 5. Proposed stepwise evaluation for diagnosis of cirrhotic cardiomyopathy
2D: two-dimensional echocardiography; CO: cardiac output; EDV: end-diastolic
volume; TDI: tissue Doppler imaging; STE: speckle-tracking-echocardiography;
LVEF: left ventricular ejection fraction; GLS: global longitudinal strain by STE;
LAVi: indexed left atrial volume; E: early diastolic velocity from the pulsed-wave
tissue Doppler imaging; E: peak velocity flow in early diastole; TV: tricuspid
velocity; sPAP, systolic pulmonary artery pressure; SE: stress echocardiography;
NTproBNP: N-terminal prohormone of brain natriuretic peptide; LVFP: left

ventricular filling pressure.

dysfunction, and electromechanical uncoupling. Prolongation
of the QT interval (>440 msec) is the most common ECG
finding, with a prevalence of 37-84% [68]. Other ECG
abnormalities in LC patients are atrial and ventricular premature
contractions, bundle branch blocks, and ST segment depression
in more advanced stages. 24-hour Holter monitoring has better
sensitivity to detecting arrhythmia, and can reveal subclinical
anomalies [69, 70]. In some studies, the prolonged QTc interval
of more than 440 msec correlated with 1-year mortality, but
only in patients with DD [20, 71]. Nonetheless, all studies
showed significant improvement of QTc after LT, including
normalization in more than 80% of the patients [33], but its
utility in the prediction of poor outcomes remains controversial
[6]. Therefore, the novel consensus did not consider anymore
ECG abnormalities in the CCM diagnostic criteria.

Cardiac biomarkers

Recent studies showed that cardiac biomarkers, especially
troponin I (TpI), BNP, and NT-proBNP are elevated in
LC patients [41]. Troponin I level was recently found to
significantly correlate with the severity of LC and overall
mortality [41, 70]. However, a cut-off value for the diagnosis
of CCM and for the prognosis assessment in LC patients was
not yet established.

Since CCM is in fact a particular type of HF, BNP and
its prohormone NT-proBNP might play a major role in its
diagnosis. Both BNP and NT-proBNP are natriuretic peptides,
primarily secreted by the cardiac ventricles in response to
increased LVFP [72]. Therefore, patients with LC usually
have elevated levels of BNP/NT-proBNP, which could result
from stretching of the cardiomyocytes from volume overload,
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LEFT VENTRICULAR FILLING PRESSURE ASSESSMENT IN

CIRRHOTIC CARDIOMYOPATHY

(

213 parameters
negative

v'LA reservoir strain < 20%
v NTproBNP >125pg/ml

v E[E’ ratio > 14 at rest

213 parameters
positive

IS

Normal LVFP

If symptoms of
heart failure at
exercise

[Diastolic stress echo to unmask dysfunctio

(E/E’ at exercise >15 and/or TV>3.4 m/sec)

positive
r}

negative

Normal LVFP

Increased LVFP

Fig. 6. Proposed algorithm for left ventricular filling pressure assessment in liver
cirrhosis patients. E/E’ ratio: ratio between E, peak velocity flow in early diastole,
and E; early diastolic velocity from the pulsed-wave tissue Doppler imaging; LA:
left atrial; NTproBNP: N-terminal prohormone of brain natriuretic peptide; LVFP:
left ventricular filing pressure; TV: tricuspid velocity.

but also from insufficient clearance, noticed especially in
decompensated cirrhosis [72-74]. NT-proBNP was found to
be a better indicator for early cardiac dysfunction than BNP
because of its stability and longer biological half-life [73]. Both
of them significantly correlate with interventricular septal
thickness, LAVi, E/E’ ratio, and the presence of DD [74-76].
Most importantly, their increased levels before transplantation
appear to normalize afterwards [77]. Their cut-oft values for
chronic HF diagnosis are generally considered 35 pg/ml for
BNP, and 125 pg/ml for NT-pro-BNP in patients without LC
[78]. However, since the levels of these biomarkers seem to
be higher in cirrhosis, there is a need for a conclusive cut-oft
value to rule-out patients who are unlikely to have CCM. One
study found that LC patients with plasma levels of NT-proBNP
of more than 290 pg/ml are at an increased risk of CCM and
should be referred for specific cardiac evaluation, but this study
used the old definition criteria [79]. Moreover, BNP levels
before LT represent an independent predictor of early mortality
after transplantation, with an excellent negative predictive value
[79]. A study on 525 LT recipients showed that the level of BNP
before LT was higher in the non-survival group (114 pg/ml)
versus the survival group after LT (56 pg/ml) (p <0.001). A
value higher than 136 pg/ml was associated with an increased
mortality after LT with a specificity of 83.5% [80].

Galectin-3, copeptin, soluble suppression of tumorgenicity-2
(ST-2, member of the interleukin family) are newly investigated
biomarkers for myocardial injury, inflammatory and fibrotic
cardiac remodelling [6, 81]. But galectin-3 and soluble ST-2
have also been shown to be markers of liver inflammation
and fibrosis, which may limit their applicability as diagnostic
criteria for CCM. Besides, the prognostic role and the cut-
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off values for all these biomarkers in LC patients are not
established.

CONCLUSIONS

Cirrhotic cardiomyopathy should be regarded as a
particular HF type, characterized mainly by diastolic, but also
systolic dysfunction. Cirrhotic cardiomyopathy contributes to
the high cardiovascular morbidity and mortality related to LT
and to the overall prognosis of the patient. Although a novel
consensus definition was recently published, there are still
unanswered questions and points to be improved, in order
to efficiently diagnose this condition. With the remarkable
developments in cardiac imaging, an improvement of the
current definition criteria is urgently required, including
TDI and STE parameters, and also stress echocardiography
in specific situations, in order to unmask silent myocardial
dysfunction at rest. Diastolic dysfunction and LVFP assessment
should be based on a multi-parameter approach, in order
to properly identify patients at risk for worse outcomes
especially after LT. We proposed a new step-by-step algorithm
for the CCM diagnosis, which takes into account all recent
published data and new guidelines from general cardiology.
Future studies, using a new updated algorithm, are required
to establish which parameters serve better to diagnose and
monitor the cardiac dysfunction in cirrhotic patients, which
parameters predict worst prognosis after LT, and if identifying
cardiac dysfunction in early stages has an important prognostic
value.
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