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Abstract

The present study aimed to investigate (1) the association between left ven-
tricular diastolic dysfunction (LVDD), graded according to the algorithm pro-
posed by the Cirrhotic Cardiomyopathy Consortium, and long-term survival
in patients with cirrhosis undergoing transjugular intrahepatic portosystemic
shunt (TIPS) and (2) the additive prognostic value of left atrial (LA) function,
as assessed by LA reservoir strain, using two-dimensional speckle-tracking
echocardiography (2D-STE). A total of 129 TIPS candidates (mean + SD,
61+ 12years; 61% men) underwent a comprehensive preprocedural echocar-
diography. LA dysfunction was defined by LA reservoir strain <35%, based
on a previously suggested cut-off value. The outcome was all-cause mor-
tality after TIPS. In the current cohort, 65 (50%) patients had normal dias-
tolic function, 26 (20%) patients had grade 1 LVDD, 21 (16%) patients had
grade 2 LVDD, and 17 (13%) patients had indeterminate diastolic function.
Additionally, LA dysfunction (based on LA reservoir strain <35%) was noted in
67 (52%) patients. After a median follow-up of 36 months (range, 12—80), 65
(50%) patients died. All-cause mortality rates increased along worse grades
of LVDD (log-rank p = 0.007) and with LA dysfunction (log-rank p = 0.001).
On multivariable Cox regression analysis, Model for End-Stage Liver Disease
score (hazard ratio [HR],1.06; p = 0.003), hemoglobin (HR, 0.74; p = 0.022),
and LA strain, expressed as a continuous variable (HR, 0.96; p = 0.005) were
independently associated with all-cause mortality. Notably, the addition of
LA strain to the model provided incremental prognostic value over the estab-
lished prognostic variables (delta * = 8.27, p = 0.004). Conclusion: LA dys-
function assessed with 2D-STE is independently associated with all-cause
mortality in patients with cirrhosis treated by TIPS.
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INTRODUCTION

Transjugular intrahepatic portosystemic shunt (TIPS) is
widely used to treat portal hypertension-related com-
plications in patients with cirrhosis.l" TIPS placement
shifts a large amount of blood from the portal to the sys-
temic circulation, resulting in a sudden increase in car-
diac preload and output. The failure of cardiovascular
adaptation to these abrupt hemodynamic changes may
unmask a subclinical myocardial dysfunction, eventu-
ally leading to poor outcomes, including cardiac failure
and death.>* End-stage liver disease is frequently
associated with a specific type of myocardial dysfunc-
tion, referred to as cirrhotic cardiomyopathy (CCM).P!
Left ventricular diastolic dysfunction (LVDD) is the most
pronounced feature of CCM and is reported in approx-
imately one third of the patients with cirrhosis.’®! Of im-
portance, LVDD has been related to several adverse
outcomes in patients with end-stage liver disease,
including hepatorenal syndrome, decompensated cir-
rhosis, and increased morbidity or mortality following
transplantation.”‘g] The presence of LVDD has also
been associated with an increased risk of cardiac fail-
ure shortly after TIPS placement.m Nevertheless, the
impact of LVDD on long-term survival in patients with
cirrhosis undergoing TIPS is unclear, with conflicting
results being reported,“o‘m in the absence of a com-
prehensive and multiparametric assessment of left ven-
tricular (LV) diastolic function.

The Cirrhotic Cardiomyopathy Consortium[™! has
recently proposed a standardized algorithm for the
assessment of LV diastolic function in patients with
end-stage liver disease that incorporates multiple
echocardiographic parameters, including the mitral
inflow pattern derived from pulsed-wave Doppler im-
aging, annular velocities assessed by tissue Doppler
imaging (TDI), left atrial (LA) enlargement, and peak
velocity of the tricuspid regurgitant jet (TR velocity)
evaluated by routine echocardiography. In addition, the
authors suggested the integration of myocardial strain
imagingm] as an additional tool to reclassify patients
for whom the algorithm fails to categorize LV diastolic
function. Strain imaging, assessed by two-dimensional
speckle tracking-echocardiography (2D-STE), is a
novel echocardiographic technique that provides ob-
jective quantification of cardiac function based on the
analysis of myocardial deformation. Particularly, LV
global longitudinal strain (LV GLS) enables accurate
evaluation of LV systolic function,™ whereas LA res-
ervoir strain provides an estimate of LA function and
has been reported as a sensitive marker of LvDD.["®!
Despite its advantages and the suggestion of the
Cirrhotic Cardiomyopathy Consortium, the prognostic
value of LA reservoir strain in patients with cirrhosis
has not been evaluated.

Therefore, the aim of the current study was two-
fold: (1) to investigate the association between LVDD,

assessed according to the algorithm of the Cirrhotic
Cardiomyopathy Consortium, and long-term survival in
patients with cirrhosis undergoing TIPS and (2) to as-
sess the potential additive prognostic value of LA reser-
voir strain and LV GLS measured by 2D-STE.

MATERIALS AND METHODS
Study population

All patients with cirrhosis treated by TIPS between
January 2003 and June 2019 at the Leiden University
Medical Center (Leiden, the Netherlands) were retro-
spectively evaluated. The diagnosis of cirrhosis was
based on clinical, laboratory, and ultrasonographic cri-
teria and confirmed by histologic analysis if necessary.
TIPS insertion was indicated for treatment of the fol-
lowing portal hypertension-related complications: un-
controlled gastrointestinal variceal bleeding, refractory
ascites, and refractory hydrothorax or as preoperative
treatment in patients with clinically significant portal hy-
pertension undergoing abdominal surgery.

As currently recommended,"'®! patients with severe
pulmonary hypertension or congestive heart failure
(therefore also overt LV dysfunction) were not consid-
ered as candidates for TIPS. Moreover, no patients with
alcoholic cardiomyopathy were included.

According to the institutional protocol, all patients
planned for TIPS placement underwent echocardi-
ography a few weeks before the procedure. Patients
treated with emergency TIPS or without available echo-
cardiographic assessment were excluded. In addition,
patients with suboptimal image quality for 2D-STE
analysis and patients with significant valvular heart dis-
ease were also excluded (Figure 1).

Demographics and clinical data were collected
from the departmental electronic medical records (HiX
and EPD-vision; Leiden University Medical Center).
Information about medical history, clinical examina-
tion, and standard laboratory tests, including full blood
count, international normalization ratio, and markers of
kidney and liver function, was available for all patients
at the time of admission.

Because this study concerned the retrospective
analysis of clinically acquired data, the institutional
review board of the Leiden University Medical Center
waived the need for written patient informed consent.
The study was conducted in accordance with the prin-
ciples of the Helsinki Declaration.

Conventional echocardiographic
examination

Comprehensive transthoracic echocardiography was
performed using commercially available systems
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179 patients with cirrhosis treated with TIPS
between 2003 and 2019 were evaluated

Patients excluded
Rescue TIPS for refractory bleeding (n = 16)

142 patients with preprocedural
echocardiography

Early TIPS*(n =12)
Not available echocardiography (n = 5)

Patients excluded

129 patients were included in the study

FIGURE 1

Suboptimal image quality for 2D-STE (n = 12)
Moderate or severe aortic stenosis (n = 3)

Flow chart of the study with inclusion and exclusion criteria. *Early TIPS placement (within 24 hours) in patients with

bleeding from gastroesophageal varices at high risk for treatment failure after initial pharmacological and endoscopic therapy. 2D-STE,
two-dimensional speckle-tracking echocardiography; TIPS, transjugular intrahepatic portosystemic shunt.

(VIVID7, E9 and E95 system; General Electric Vingmed,
Horten, Norway). Two-dimensional, color, spectral
continuous- and pulsed-wave Doppler images were
acquired from the parasternal, apical, and subcostal
views. All images were digitally stored for offline analy-
sis (EchoPAC version 203; General Electric Vingmed).

LV linear dimensions were measured from the para-
sternal long-axis view, and LV mass was calculated by
the Devereux formulal'’! and indexed for body surface
area (BSA). From the apical two- and four-chamber
views, the LV end-diastolic and end-systolic volumes
were measured and indexed for BSA, and the LV ejec-
tion fraction (LVEF) was calculated using the biplane
Simpson method.l'"¥! The LA volume was measured
from the apical two- and four-chamber views using
the biplane Simpson method and indexed for BSA
(LAVi).'"® |n addition, the stroke volume was calculated
by multiplying the LV outflow tract time-velocity inte-
gral, obtained from the apical five-chamber view, with
LV outflow tract cross-sectional area and indexed for
BSA.I

The assessment of LV filling pressure and diastolic
function was performed according to the recommen-
dations provided by the Cirrhotic Cardiomyopathy
Consortium™ and revised from the American Society
of  Echocardiography/European  Association  of
Cardiovascular Imaging guidelines,[zo] using the com-
bination of several parameters. First, the ratio between
the trans-mitral early (E-wave) and late (A-wave) dia-
stolic filling velocities (E/A ratio) and deceleration time
of the E-wave were measured by the pulsed-wave
Doppler recording of the mitral inflow, from the apical

four-chamber view.2”! Additionally, using pulsed-wave
TDI, the early peak diastolic septal and lateral mitral
annular velocities (e') were measured and averaged.
The ratio of the trans-mitral E-wave to e' (E/e' ratio)
was calculated.®?% Moreover, the TR velocity was
obtained from the continuous-wave Doppler record-
ing of the TR. According to the algorithm proposed
by the Cirrhotic Cardiomyopathy Consortium,™® the
following four criteria were evaluated for the assess-
ment of LV filling pressure: LAVi <34ml/m?, septal €'
velocity 27 cm/second, E/e'<15, and TR velocity<2.8 m/
second; thereafter, the diastolic function was graded on
the basis of the E/A ratio. Normal LV filling pressure
was defined by at least three fulfilled criteria (or at least
two of three available), and in patients with normal LV
filling pressure, the diastolic function was defined as
normal if the E/A ratiowas >0.8 while an E/A<0.8 indi-
cated grade 1 LVDD. Conversely, elevated LV pressure
was diagnosed if only one of the parameters met the
cut-off thresholds, and then the corresponding LVDD
was classified as grade 2 in patients with E/A>0.8 but
<2 and grade 3 in the presence of E/A22. Evaluation
of LV filling pressure and diastolic function was consid-
ered inconclusive in the presence of two fulfilled criteria
(of four available).l"’!

In accordance with the updated criteria of CCM,["?!
the presence of (a) LV systolic dysfunction, defined by
LVEF =50% or LV GLS <18% (see speckle-tracking ex-
amination) and/or (b) advanced (grade 2 or 3) LVDD
met the diagnosis of CCM.

Right ventricular (RV) systolic function was assessed
measuring tricuspid annular plane systolic excursion
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(TAPSE) and RV fractional area change (RVFAC), from
an RV-focused apical four-chamber view. Finally, the
pulmonary arterial systolic pressure (PASP) was cal-
culated from the TR velocity and estimated right atrial
pressure, according to current recommendations."

Speckle-tracking echocardiographic
examination

The assessment of LV GLS and LA reservoir strain by
2D-STE was performed offline using EchoPAC version
203 software (General Electric Vingmed Ultrasound).
Images from the apical four- and two-chamber and
long-axis views zoomed on the LV and acquired with
a frame rate of 250 frames/second were used for the
measurement of LV GLS. After the manual definition
of the LV endocardial border, the endocardium was
automatically tracked through the cardiac cycle by
the software. The LV GLS was obtained by averag-
ing all segmental strain values and later by averag-
ing values of all apical views.""® |n the present study,
the values of LV GLS were reported in absolute value.
Impaired LV GLS was defined by values <18%, as
recommended."31°]

For the measurement of LA reservoir strain
(Figure 2), the onset of the QRS wave was selected as
the reference point (R-R gating). The LA endocardial
border was traced manually in the apical four-chamber
view. The region of interest was then adjusted to cover
the entire LA myocardium and was divided into six

segments by the software. LA reservoir strain was de-
fined as the average of the peak values during the car-
diac cycle of all six segments.m] LA strain provides an
estimate of LA function (with lower values of strain indi-
cating worse LA mechanics) and is a sensitive marker
of LVDD.'®1 An LA reservoir strain <35% has been
shown to identify early (grade 1) LVDD.I'>? Thereby,
this cut-off value has been adopted in the present study
to define LA dysfunction. As additional analysis, vali-
dated ranges of LA reservoir strain values were used to
reclassify patients in which the algorithm failed to cate-
gorize the diastolic function: >35% (normal), 24%—35%
(grade 1), 19%—24% (grade 2), and<19% (grade 3).%!
For this analysis, grade 2 and 3 LVDD were combined
(advanced LVDD).

TIPS procedure

TIPS placement was performed as reported[24] in an
interventional angio-suite under deep sedation or gen-
eral anesthesia. All procedures were performed with
covered stents (Viattor TIPS endoprostheses; Gore &
Associates, Flagstaff, AZ, USA). The stents were di-
lated to 10 mm in diameter in patients undergoing TIPS
for gastrointestinal variceal bleeding and to 8 mm in pa-
tients undergoing TIPS for refractory ascites or hydro-
thorax. The final function of the stent was confirmed by
portography and by measuring the portosystemic pres-
sure gradient to assess if the desired reduction in the
portosystemic gradient was achieved.

FIGURE 2 Measurement of LA reservoir strain by 2D-STE. The region of interest is illustrated in the upper left quadrant covering the
left atrium. The average LA reservoir strain from the six myocardial segments is displayed by the dotted white curve in the right of the figure;
in this case, the peak was 22%. 2D-STE, two-dimensional speckle-tracking echocardiography; AVC, aortic valve closure; LA, left atrial.
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Clinical follow-up

The primary endpoint of the study was all-cause mor-
tality after TIPS placement. Mortality data after dis-
charge were collected through municipal civil registries
or by reviewing medical records. Follow-up data were
available for all patients included in the study.

Statistical analysis

Continuous variables normally distributed are pre-
sented as meantSD, whereas non-normally distrib-
uted data are presented as median and interquartile
range (IQR). Categorical variables are expressed as
frequencies and percentages.

The comparison of LA reservoir strain between
grades of LVDD was performed using one-way analysis
of variance with Bonferroni post hoc tests. Long-term
survival rates were calculated according to Kaplan-Meier
analysis and compared among groups with a log-rank
test. The association of clinical and echocardiographic
variables with all-cause mortality was investigated using
univariable and multivariable Cox proportional hazard re-
gression models. Exposure to liver transplantation was
included in the analysis as a binary time-dependent vari-
able. Variables with a significant correlation in a univari-
able model (P<0.05) were included in the multivariable
regression model. The hazard ratio (HR) and 95% confi-
dence intervals (Cls) were calculated for each variable. A
minimum tolerance level of 0.5 was established to avoid
multicollinearity between covariates. Additionally, the like-
lihood ratio ;(2 test for nested models was used to assess
if the LA reservoir strain added incremental prognostic
value to the multivariable model, including the Model for
End-Stage Liver Disease (MELD) score, hemoglobin,
and grades of LVDD. In a sensitivity analysis, multivari-
able Cox regression models were repeated after exclud-
ing patients with chronic ischemic heart disease. Finally,
additional cause-specific Cox proportional regression
models were built, censoring patients who received liver
transplantation at this time point. All tests were two sided,
and p <0.05 was considered statistically significant.
Statistical analysis was performed using SPSS version
25.0 (IBM Corporation, Armonk, NY, USA) and R version
4.0.1 (R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

Study population: clinical and
echocardiographic characteristics

Among the 179 patients who were evaluated, 129
patients were included (Figure 1). Demographic and
clinical characteristics of the study population are

summarized in Table 1. The most frequent etiologies
of cirrhosis were alcoholic disease in 64 (50%) patients
and chronic viral infection in 19 (15%) patients. The
most common indication for TIPS placement was sec-
ondary prevention of variceal bleeding (51%) followed
by refractory ascites (40%).

Echocardiographic characteristics of the overall
population, including strain parameters, are shown
in Table 2. All patients had preserved LVEF (>50%),
whereas 20 (15%) patients exhibited a mildly reduced
LV GLS (with values from 15% to 18%). According to the
algorithm proposed by the Cirrhotic Cardiomyopathy
Consortium, the diastolic function was classified as nor-
mal in 65 (50%) patients, impaired in 47 (36%) patients,
and indeterminate in 17 (13%) patients. Among patients
with LVDD, 26 (20%) patients had grade 1 LVDD and 21
(16%) patients had grade 2 LVDD. A total of 33 patients
(26%) had CCM (defined by the presence of LV systolic
dysfunction and/or advanced LVDD). Additionally, LA
dysfunction, defined by LA reservoir strain <35%, was
observed in 67 (52%) patients. Of note, LA reservoir
strain appeared to progressively worsen with increas-
ing grades of LVDD (p<0.001) and showed significantly
lower values in patients with grade 2 LVDD and in pa-
tients with indeterminate function compared to patients
with normal function (Figure 3). When the ranges of LA
reservoir strain values were used to reclassify patients
with indeterminate diastolic function (n = 17), five of
them were categorized as normal function (LA strain
>35%), seven as grade 1 LVDD (LA strain 24%—-35%),
and five as advanced (grade 2-3) LVDD (LA strain
<24%).

Follow-up: outcome

After a median follow-up of 36months (IQR, 12-
80months), 65 (50.4%) patients died. Additionally, a
total of 23 (17.8%) patients underwent liver transplanta-
tion at a median time of 8 months (IQR, 5-24 months)
after TIPS. Kaplan-Meier curves for all-cause mortality
based on LVDD and on LA reservoir strain are illus-
trated in Figure 4.

Cumulative event rates at 4years were significantly
higher in more advanced grades of LVDD: 32%, 42%,
and 67% for normal function, grade 1, and grade
2, respectively, and 65% for indeterminate function
(p = 0.007). Furthermore, patients with LA dysfunction
(LA reservoir strain £35%) had higher event rates com-
pared to patients with preserved LA function (LA reser-
voir strain >35%) (58% versus 29%; log-rank p = 0.001).
Notably, even considering only patients with normal
LV diastolic function, LA reservoir strain <35% identi-
fied a subset of 25 patients (38% of the subjects with
normal LV diastolic function) with an increased rate of
all-cause mortality compared to patients with LA reser-
voir strain >35% (48% versus 22%; log-rank p = 0.018)
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TABLE 1 Demographic and clinical characteristics of the study

population

Clinical variables

Male sex, n (%)

Age (years)

BMI (kg/m?)

Etiology of liver disease, n (%)

Alcoholic/viral/others

MELD score

Indication for TIPS, n (%)

Variceal bleeding, secondary prevention
Refractory ascites

Refractory hydrothorax

Preoperative TIPS before abdominal
surgery

Cardiovascular risk factors, n (%)
Hypertension

Diabetes

Dyslipidemia

Active smoker

Comorbidities, n (%)

Chronic ischemic heart disease®
Chronic kidney disease

Chronic obstructive pulmonary disease
Laboratory tests

Hemoglobin (mmol/L)

Bilirubin (pmol/L)

Creatinine (pmol/L)

Sodium (mmol/L)

INR (ratio)

AST (U/L)

ALT (U/L)

Cardiovascular medications, n (%)
Cardioaspirin

Beta-blockers

ACE-inhibitors or AT-receptor antagonists
Calcium-channel blockers

Insulin

Oral glucose lowering drugs
Statins

Loop diuretics

Mineralocorticoid receptor antagonists

Population

(n =129)

78 (61)

61+12

24.8 (22.1-27.7)

64 (50)/19
(15)/46 (36)

11 (9-17)

66 (51)
52 (40)
10 (8)
1(1)

33 (26)
34 (26)
23 (18)
26 (20)

8 (6)
6 (5)
14 (11)

6.6+1.4
23 (16-41)

77 (61-106)
138 (134-141)
1.2 (11-1.3)
47 (33-68)
28 (19-43)

11(9)
70 (54)
7(5)

5(4)

16 (12)
20 (16)
17 (13)
66 (51)
68 (53)

TABLE 2 Echocardiographic characteristics of the study

population

Population
Echocardiographic variables (n =129)
Heart rate (bpm) 72+16
LVEDVi? (ml/m?) 48.8+12.1
LVESVi® (ml/m?) 17.8+5.6
LVMi? (g/m?) 88 (74-107)
LVEF (%) 64 (60-68)
LV GLS (%) 20.7+2.5
SVi# (ml/m?) 50.6 (44.9-59.3)
LAVi® (ml/m?) 33.3 (26.7-40.8)
LA reservoir strain (%) 34.0+9.7
Mitral E:A ratio 1.1 (0.9-1.5)
E-wave deceleration time (milliseconds) 223 (186—-269)
Septal e' velocity (m/second) 8 (6-9)
Mitral E/e' ratio 9.1 (71-11.7)
Peak TR velocity® (m/second) 2.3 (21-2.5)
Grading of LVDD (n, %)
Normal 65 (50%)
Grade 1 26 (20%)
Grade 2 21 (16%)
Indeterminate 17 (13%)
TAPSE (mm) 25 (21-28)
RVFAC (%) 51 (45-54)
PASP (mm Hg) 26 (22-30)

Note: Values are expressed as n (%), mean+SD, or median (interquartile

range).

Abbreviations: bpm, beats per minute; BSA, body surface area; LA, left
atrial; LAVi, left atrial volume indexed; LVDD, left ventricular diastolic
dysfunction; LVEDVi, left ventricular end-diastolic volume indexed;

LVESVi, left ventricular end-systolic volume indexed; LVEF, left ventricular
ejection fraction; LVGLS, left ventricular global longitudinal strain; LVMi,

left ventricular mass indexed; PASP, pulmonary arterial systolic pressure;
RVFAC, right ventricular fractional area change; SVi, stroke volume indexed;
TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitant

jet.
®Indexed for BSA.

®Peak TR velocity was measurable in 113 patients (90% of the overall

population).

Note: Values are expressed as n (%), mean+SD, or median (interquartile

range).

Abbreviations: ACE, angiotensin-converting enzyme; AT, angiotensin;
BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; INR, international normalized ratio; MELD, Model for
End-Stage Liver Disease; TIPS, transjugular intrahepatic portosystemic

shunt.

@Patients with a prior diagnosis of obstructive coronary artery disease,
treated with percutaneous or surgical coronary revascularization.

(Figure S1). In addition, more advanced grades of LA
strain impairment were associated with progressively
higher risk of death (log rank p = 0.004): 36%, 54%, and
66% at 4 years for LA strain higher than 35%, LA strain
between 35% and 24%, and LA strain lower than 24%,
respectively (Figure S2). Similarly, when LA reservoir
strain was used to reclassify patients with indetermi-
nate diastolic function, increasing event rates were ob-
served for worse grades of LVDD (log-rank p = 0.004):
36%, 56%, and 66% for normal function, grade 1 LVDD,
and grade 2—-3 LVDD, respectively (Figure S3).
Univariable and multivariable Cox regression analy-
ses were constructed to identify the clinical and echo-
cardiographic variables associated with long-term
mortality (Table 3). The univariable analysis showed an
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CW Doppler

2D-Echo  PW Doppler TDI
LAVi \';( ™ 4 AT
‘

LA strain
Normal
(n=65)
LA strain (%) 37+8
Impaired LA strain (n,%) 25 (38)

Grading of LVDD

Grade 1 LVDD Grade 2 LVDD Indeterminate
(n=26) (n=21) (n=17)
33+10 27 +14" 29 +10°
15 (58) 15 (72) 12 (71)

FIGURE 3 LA reservoir strain according to the grades of LVDD. Mean values (+SD) of LA reservoir strain and the proportion of
impaired LA reservoir strain for increasing grades of LVDD are shown. *p<0.05 versus the group with normal LV diastolic function. 2D-STE,
two-dimensional speckle-tracking echocardiography; CW, continuous wave; DT, deceleration time; E/A, E/A wave; LA, left atrial; LAV, left
atrial volume indexed for body surface area; LV, left ventricular; LVDD, left ventricular diastolic dysfunction; PW, pulsed-waved; TDI, tissue
Doppler imaging; TR, tricuspid regurgitation jet; 2D-Echo, two-dimensional echocardiography.

association between MELD score, hemoglobin, grades
of LVDD, and LA reservoir strain, with the endpoint of
all-cause mortality. Conversely, LV GLS was not signifi-
cantly associated with the risk of mortality after TIPS.
Similarly, the overall diagnosis of CCM did not show
significant association with post-TIPS outcomes. In the
multivariable Cox regression analysis incorporating
the parameters with a significant association on the
univariate analysis but not LA reservoir strain (model
1), MELD score and more advanced grades of LVDD
(grade 2 and indeterminate function) showed a signifi-
cant association with the outcome. When LA reservoir
strain was included in the multivariable analysis (model
2), only MELD score, hemoglobin, and LA reservoir
strain were independently associated with all-cause
mortality. Of importance, the addition of LA reservoir
strain to model 1 provided incremental prognostic value
on all-cause mortality, with an increase of;(2 from 27.95
to 36.22 (delta 2 = 8.27, p = 0.004). After adjustment
for significant variables (MELD score, hemoglobin,
grades of LVDD), LA reservoir strain expressed as a
categorical variable (£35%) was associated with an
approximately double risk of mortality after TIPS (HR,
2.187; 95% Cl, 1.287-3.742; p = 0.004). Additional Cox
regression analyses were built incorporating all the in-
dividual parameters included in the grading of LVDD
and LV GLS (using the recommended thresholds %),
as shown in Table S1. In these multivariable models,
LA dysfunction was consistently associated with an
excess risk of mortality after TIPS. A sensitivity analy-
sis performed excluding patients with chronic ischemic
heart disease (n = 8) confirmed the significant prognos-
tic value of LVDD and LA reservoir strain (Table S2).
Finally, cause-specific Cox regression models (built by
censoring for liver transplantation) showed a consistent

association of LVDD and LA reservoir strain with the
risk of all-cause mortality (Table S3).

DISCUSSION

The main findings of the present study can be sum-
marized as follows: (1) LVDD, graded according to the
algorithm of the Cirrhotic Cardiomyopathy Consortium,
and LA reservoir strain were independently associated
with long-term survival in patients with cirrhosis treated
by TIPS and (2) the evaluation of LA reservoir strain
provided incremental prognostic value over the sever-
ity of liver disease, assessed by the MELD score, and
grading of LVDD using conventional echocardiographic
parameters.

Cirrhosis is frequently associated with subclinical
cardiac dysfunction, characterized by a blunted con-
tractile response to stress stimuli, LVDD, and electro-
physiological abnormalities in the absence of other
known causes of cardiac disease.®! LVDD is an early
manifestation of CCM and is reported in approximately
one third of patients with cirrhosis.®! From a patho-
physiological point of view, LVDD has been related to
the hyperdynamic circulation state, which induces the
development of LV hypertrophy and interstitial fibrosis,
leading to increased myocardial stiffness.?! Of impor-
tance, parameters of LV diastolic function have been
shown to correlate with poor outcomes in patients with
end-stage liver disease.l’~92°] Particularly, LA enlarge-
ment and E/e' ratio were predictors of long-term survival
in individuals with cirrhosis.["%?! Moreover, among
TIPS candidates, the presence of LVDD portends an
increased risk of heart failure in the first year after
the procedure.[3] Nevertheless, there are limited and
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Grading of LVDD
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0.8 M Grade1l
E M Grade2
2 06 0 Indeterminate
a
[
2
S
S
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£
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O
0.2
Log-rank test P = 0.007
0 )
0 1 2 3 4
years
Number of patients at risk:
Normal 65 56 53 39 30
Grade 1 26 19 18 11 8
Grade 2 21 12 10 7 7
Indeterminate 17 9 7 6
B
®
B LA strain >35%
0.8 [l LA strain <35%
©
2
g 0.6
w
Q
2
-
o
3 04
£
3
QO
0.2
0 Log-rank test P = 0.001
0 1 2 3 4
years

Number of patients at risk:
LA strain >35% 62 50 49 40 33
LA strain <35% 67 46 40 24 17

FIGURE 4 Kaplan-Meier curves for survival. Curves are shown according to the grades of (A) LVDD and (B) LA reservoir strain. LA,
left atrial; LVDD, left ventricular diastolic dysfunction.

evaluation of LV diastolic function solely on the basis of
E/A ratio is strongly limited by the load dependency of

conflicting data regarding the predictive value of LVDD
on long-term outcomes in patients with cirrhosis under-

going TIPS."""2 The E/A ratio has been correlated with
the overall survival after TIPS placement,[m'”] whereas
another recent study failed to confirm this finding.['”
The lack of a comprehensive assessment of LV dia-
stolic function in the abovementioned studies is most
likely the reason for these differences. Moreover, the

this parameter and the U-shaped relationship between
E/A ratio and LVDD (patients with normal LV diastolic
function and patients with grade 2 LVDD show similar
values of E/A ratio).

To the best of our knowledge, this is the first study
to investigate the association between LV diastolic

85UB01 7 SUOIWIOD @A 181D 9|qeoljdde ay) Aq peusenob aJe ssppile VO ‘88N JO S9Nl 1oy AfeldiTauljuQ 4|1/ UO (SUONIPUOD-pUe-SWBILo" A3 1M ATeiq 1 jpulU0//SANL) SUONIPUOD pue SWie | 8U1 89S *[220z/0T/ZT] Uo Ariqi]auliuo A8|im myin1 Jo AisieAiun Aq 290z v0ey/z00T 0T/10p/wod A8 i Ale.d 1 pul|uosandp see//sdiy Woly pepeojumod ‘0 ‘XySeT.ve



HEPATOLOGY COMMUNICATIONS

| 9

TABLE 3 Univariable and multivariable Cox Regression analysis for all-cause mortality

Univariable Analysis

Variable HR (95% CI) P
Clinical variables
Age, years 1.00 (0.98-1.02) 0.98
Male sex 0.98 (0.76-1.25) 0.84
BMI (kg/m?) 1.05 (1.00-1.10) 0.05
Alcoholic liver disease 0.68 (0.26-1.74) 0.42
Indication for TIPS
Bleeding Reference -
Ascites 1.11 (0.66-1.86) 0.68
Hydrothorax 1.18 (0.76—4.40) 0.18
Liver transplantation® 0.86 (0.39-1.91) 0.71
MELD score 1.06 (1.02-1.10) 0.001"
Hemoglobin (mmol/L) 0.67 (0.53-0.85) 0.001"
AST (U/L) 1.00 (0.99-1.01) 0.67
Hypertension 1.50 (0.87-2.60) 0.15
Diabetes 1.40 (0.83-2.38) 0.21
Chronic IHD 0.65 (0.21-2.08) 0.47
Chronic kidney disease 2.18 (0.87-5.46) 0.09
Beta-blockers 0.62 (0.38-1.01) 0.06
Diuretics® 1.24 (0.74-2.07) 0.41
Echocardiographic

variables
Heart rate (bpm) 1.01 (0.99-1.02) 0.61
LVMi (g/m?) 1.01 (0.99-1.02) 0.76
LVEF (%) 0.99 (0.95-1.03) 0.69
LV GLS (%) 1.01 (0.91-1.10) 0.98
Grading of LVDD
Normal Reference -
Grade 1 1.21 (0.60-2.46) 0.59
Grade 2 2.55 (1.37-4.77) 0.003"
Indeterminate 2.40 (1.21-4.78) 0.012"
CCM diagnosis 1.417 (0.84-2.40) 0.20"
LA reservoir strain (%) 0.95 (0.93-0.98) <0.001"
TAPSE (mm) 0.99 (0.94-1.04) 0.77
RVFAC (%) 0.98 (0.94-1.02) 0.23
PASP (mm Hg) 1.02 (0.99-1.06) 0.10

Multivariable Analysis (1)

Multivariable Analysis (2)

HR (95% CI)

1.06 (1.02-1.10)
0.78 (0.61-1.00)

Reference

1.49 (0.72-3.06)
2.13 (1.07-4.23)
2.31 (1.13-4.73)

P

0.001"
0.05

0.28
0.031"
0.021°

HR (95% CI)

1.06 (1.02-1.10)
0.74 (0.58—0.96)

Reference

1.40 (0.67-2.90)
1.55 (0.76-3.14)
1.69 (0.80-3.57)

0.96 (0.94-0.99)

p

0.003"
0.022°

0.37
0.23
0.18

0.005"

Note: Multivariable model (1) was constructed including variables that showed a significant correlation in univariable analysis but not LA strain. In multivariable

model (2), LA strain was added to the first model.

Abbreviations: AST, aspartate aminotransferase; bpm, beats per minute; BMI, body mass index; CCM, cirrhotic cardiomyopathy; Cl, confidence interval;

HR, hazard ratio; IHD, ischemic heart disease; LA, left atrial; LVDD, left ventricular diastolic dysfunction; LVEF, left ventricular ejection fraction; LV GLS, left

ventricular global longitudinal strain; LVMi, left ventricular mass indexed for body surface area; MELD, Model for End-Stage Liver Disease; PASP, pulmonary
arterial systolic pressure; RVFAC, right ventricular fractional area change; TAPSE, tricuspid annular plane systolic excursion; TIPS, transjugular intrahepatic

portosystemic shunt.

*Time-dependent variable.

bLoops diuretics or mineralocorticoid receptor antagonists.
*Significant at p<0.05.

function assessed according to a multiparametric
and comprehensive approach and long-term progno-
sis in patients with cirrhosis treated with TIPS. In our

study, the presence of grade 2 LVDD or indetermi-
nate diastolic function identified a cohort of patients
with a high risk of death at 4 years of follow-up. Thus,
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our results provide evidence on the prognostic im-
plications of the grading of LVDD proposed by the
Cirrhotic Cardiomyopathy Consortium among TIPS
candidates.!"® The finding of worse survival in indi-
viduals with indeterminate diastolic function may be
explained by the fact that, in the majority of these pa-
tients, the algorithm likely failed to grade an existing
LVDD. When LA reservoir strain was used to recate-
gorize the diastolic function in these patients, most of
them (71%) were indeed reclassified as having some
degree of LVDD.

The left atrium manifests adaptive changes in its
structure and mechanics in the setting of abnormal pat-
terns of LV filling, known as LVDD. The analysis of LA
reservoir strain by 2D-STE provides a higher accuracy
and reproducibility in the quantification of LA function
compared to conventional echocardiography.[15] LA
reservoir strain directly reflects increased LA stiffness,
which is related to LA fibrosis, but LV diastolic (or sys-
tolic) dysfunction is usually the primary determinant.['®!
Indeed, LA reservoir strain has emerged as sensitive
marker of LVDD, with prognostic implications in several
cardiovascular conditions." In contrast to conventional
diastolic parameters, LA reservoir strain decreases in
a linear fashion with increasing severity of LVDD and
as such may allow a more accurate judgment of LVDD
grading."®2% In addition, LA function is less affected
by loading conditions than LA dimensions.["™ LAVi may
increase despite normal LV diastolic function in patients
with high-output states, including those with cirrhosis.
Thereby, LA reservoir strain appears particularly prom-
ising for the evaluation of LV filling pressure and dia-
stolic function in patients with end-stage liver disease,
overcoming the load dependency of other parameters
(such as E/A ratio and LA enlargement).

Some recent studies!?®2”! showed impaired values of
LA reservoir strain in patients with cirrhosis compared
to healthy controls. Notably, in patients with cirrhosis,
LA reservoir strain demonstrated a better agreement
with LV filling pressure, evaluated by E/E' ratio, in com-
parison to LAVi.?Y The only study investigating the
prognostic value of LA reservoir function in cirrhosis
was conducted in a small-size population (n = 80) and
described a trend toward worse posttransplantation
survival in patients with cirrhosis with reduced LA res-
ervoir strain (defined as <37%).2"!

In the present study, we demonstrated that LA
dysfunction is independently associated with worse
survival in patients with cirrhosis treated by TIPS. Of
importance, LA reservoir strain provided incremental
prognostic value over a model including significant clin-
ical variables (MELD score and hemoglobin) and the
grading of LVDD. In our population, LA reservoir strain
appeared to progressively decrease with increasing
grades of LVDD. However, the presence of impaired
LA reservoir strain (£35%) was still associated with a
worse outcome in the subset of patients with normal

LV diastolic function, highlighting the prognostic impor-
tance of this marker above conventional echocardio-
graphic parameters.

Our results support the implementation of LA reser-
voir strain in the echocardiographic evaluation of TIPS
candidates. In this context, LA reservoir strain may be
a valuable diagnostic tool for the assessment of LV di-
astolic function, especially in patients with discrepant
values of traditional diastolic parameters, and for pa-
tients' risk stratification.

Conversely, we did not observe a significant cor-
relation between LV GLS and patient outcome. LV
GLS measured with 2D-STE is an early and accurate
marker of LV systolic dysfunction and its superiority in
comparison to conventional parameters of LV function,
such as LVEF, has been demonstrated in several clin-
ical settings.“‘” However, few studies investigating the
prognostic value of LV GLS in patients with end-stage
liver disease led to discordant results.”®2?%! These in-
consistences may be related to the fact that patients
with end-stage liver disease are primarily characterized
by an impairment of LV diastolic function with preserved
LV systolic function at rest. Accordingly, in our study, LV
GLS values were mostly within the normal range, with a
small proportion of patients (15%) with mildly impaired
LV GLS, thus making LV GLS a suboptimal risk stratifi-
cation tool in this population.

This study is subject to the limitations of its retro-
spective, single-center, observational design, and fur-
ther prospective studies should confirm our findings.
In particular, patients with a history of ischemic heart
disease or risk factors for cardiovascular disease were
not excluded in the current study in order to represent
a “real-world” setting. This pragmatic approach implies
that we could not discriminate between the effects of
CCM or comorbidities on cardiac function. However,
this was not the primary aim of our investigation. In
addition, the Cox regression analysis did not reveal a
significant correlation between these variables and out-
comes, and a sensitivity analysis performed excluding
patients with a history of ischemic heart disease con-
firmed the main results of the study.

The current cohort did not include patients with grade
3 LVDD. Therefore, our results cannot be extended to
this subset of patients with the more advanced form of
LV diastolic impairment. Finally, because the mortality
data were retrieved mostly by municipal civil registries,
we could not discriminate between cardiac and no-
cardiac causes of death.

LA dysfunction, evaluated by LA reservoir strain, is
significantly associated with all-cause mortality in pa-
tients with cirrhosis treated by TIPS and demonstrated
an incremental prognostic value above the grading of
LVDD using conventional parameters. Thereby, the
assessment of LA function by 2D-STE may help char-
acterizing LV diastolic function and improving risk strat-
ification in TIPS candidates.
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