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Article History: Introduction and Objectives: TIPS placement is an effective, possibly life-saving, treatment for complications of
Received 15 March 2024 portal hypertension. The pressure shift induced by the stent can lead to cardiac decompensation (CD). We
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investigated the incidence of CD, possible variables associated with CD and the validity of the Toulouse algo-
rithm for risk prediction of CD post-TIPS.
Patients and Methods: A total of 106 patients receiving TIPS for variceal bleeding (VB, 41.5%) or refractory asci-
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Keywords:

Cardiac decompensation tes (RA, 58.5%) with available echocardiography and NT-proBNP results were included and retrospectively
TIPS reviewed. Development of CD between time of TIPS placement and occurrence of liver transplantation, death
Shunt or loss-to-follow-up was recorded. Competing risk regression analysis was performed to assess which base-

Portal hypertension
Algorithm

line variables predicted occurrence of CD post-TIPS.
Results: A total of 12 patients (11.3%) developed CD after a median of 11.5 days (IQR 4 to 56.5) post-TIPS. Mul-
tivariate regression showed age (HR 1.06, p = 0.019), albumin (HR 1.10, p = 0.009) and NT-proBNP (HR 1.00,
p = 0.023) at baseline predicted CD in the RA group. No clear predictors were found in those receiving TIPS
for VB. Correspondingly, the Toulouse algorithm successfully identified patients at risk for CD, however only
in the RA population (zero risk 0% vs. low risk 12.5% vs. high risk 35.3% with CD; p = 0.003).
Conclusions: CD is not an infrequent complication post-TIPS occurring in 1/10 patients. The Toulouse algo-
rithm can identify patients at risk of CD, though only in patients receiving TIPS for RA. Allocation to the high-
risk category warrants close monitoring but should not preclude TIPS placement.
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1. Introduction

Abbreviations: ACLF, acute on chronic liver failure; (a)HR, (adjusted) hazard ratio;

ANOVA, analysis of variance; AoS, aortic valve stenosis; ALT, alanine transaminase;
AST, aspartate transaminase; BMI, body mass index; CCMP, cirrhotic cardiomyopathy;
CD, cardiac decompensation; CI, confidence interval; CLIF-C OF, chronic liver failure
consortium organ failure score; HCC, hepatocellular carcinoma; IQR, interquartile
range; INR, international normalized ratio; IVC, inferior vena cava; LAV, left atrial vol-
ume index; LVEF, left ventricle ejection fraction; MASLD, metabolic dysfunction-associ-
ated steatotic liver disease; MELD, model for end-stage liver disease; (nt-pro)BNP, (N-
terminal pro-)brain natriuretic peptide; PSPG, portosystemic pressure gradient; PT,
prothrombin time; RA, right atrium/refractory ascites; SD, standard deviation; sPAP,
systolic pulmonary artery pressure; TIPS, transjugular intrahepatic portosystemic
shunt; VB, variceal bleeding; WCC, white cell count
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Transjugular intrahepatic portosystemic shunt (TIPS) is a well-
established treatment for portal hypertension-related complications
such as refractory ascites and variceal bleeding. The TIPS stent creates
a shunt between the splanchnic and systemic circulation resulting in a
brisk and effective reduction of the increased portal pressure. Unfortu-
nately, shunt placement might result in complications such as hepatic
encephalopathy, ischemic hepatitis and cardiac decompensation. Car-
diac decompensation (CD) after TIPS is a direct consequence of the vol-
ume shift after shunt formation which results in an increased venous
return and therefore cardiac preload. Failure to adapt to these hemo-
dynamic changes could trigger CD after TIPS [1,2].
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An impaired inotropic and chronotropic response of the left
ventricle to stress is a specific characteristic of the cardiac dys-
function seen in patients with cirrhosis defined by the term ‘cir-
rhotic cardiomyopathy’ (CCMP) [3]. Other characteristics
associated with CCMP include impaired diastolic relaxation and
electrophysiological abnormalities (e.g. QT prolongation) in the
absence of other underlying cardiac diseases [3]. TIPS placement
may represent a clear stressor for the heart, especially in those
with preexisting cirrhotic heart disease.

Patient selection is key in the prevention of complications, such as
CD, and mortality post-TIPS [4—8]. However, the decision-making
process to do so is still cumbersome and often ill-defined. Cardiac
dysfunction in patients receiving TIPS has previously been studied,
but results regarding the link between diastolic dysfunction and sur-
vival have been contradictory [1,9,10]. To our knowledge, only two
studies to this day have looked at predictors specifically for CD post-
TIPS [11,12]. In 2017, in a large TIPS database from the Cleveland
Clinic, Modha et al. identified higher pre-TIPS right atrial and portal
vein pressures, higher albumin level, longer prothrombin time (PT)
and older age as possible predictors for symptomatic heart failure
post-TIPS. In 2019, Billey et al. defined the ‘Toulouse algorithm’, a
combination of (N-terminal pro-) brain natriuretic peptide ((NT-pro)
BNP) and echocardiographic parameters that could aid patient selec-
tion for TIPS by identifying those at risk for CD [11].

In this retrospective study, we wanted to (I) investigate the inci-
dence of CD post-TIPS, (II) study the relation between baseline varia-
bles including echocardiographic parameters with CD post-TIPS, and
(1) assess if the Toulouse algorithm could have predicted CD in our
population.

2. Patients and Methods
2.1. Study population

All patients with decompensated cirrhosis who underwent TIPS
for either variceal bleeding or refractory ascites between 2011 and
2021 at the University Hospital of Leuven, Belgium, were included. A
total of 219 patients underwent TIPS placement, of which 106
patients had both echocardiographic parameters and NT-proBNP
results available.

Clinical data, lab results, imaging results and all hemodynamic
measurements pre- and post-TIPS were extracted from the patient’s
medical file. The presence of CD was based on documentation of CD
post-TIPS in the medical file. The need for intravenous diuretics to
relieve acute lung oedema in the immediate postoperative period
after TIPS was also recorded as CD. All complications were recorded
from TIPS placement until the occurrence of liver transplantation,
death or loss-to-follow-up.

2.2. TIPS procedure

All patients received a covered TIPS stents (Gore Viatorr TIPS
endoprosthesis®, Gore & Associates, Newark, Delaware, USA). Ini-
tially, all patients received self-expanding Viatorr stents. However,
after the introduction of the controlled expansion Viatorr stents, the
latter gradually replaced the former. From March 2019 onwards, all
patients received controlled expansion stents. TIPS stents were
dilated to 6, 8 or 10 mm at the discretion of the interventional radiol-
ogist while aiming for a post-TIPS portosystemic gradient of
12 mmHg or less [13]. Every patient was admitted to our intensive
care unit for at least 24 h after TIPS placement. Patency of the stents
was typically assessed by Doppler ultrasound 3 to 6 months after
TIPS placement and every 6 months thereafter at the occasion of
scheduled hepatocellular carcinoma (HCC) screening or revised ear-
lier upon clinical indication.
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2.3. Echocardiography and nt-proBNP

NT-proBNP was measured via an automated immunoassay (Roche
Diagnostics, Mannheim, Germany) (unit ng/L or pg/mL) with normal
value less than 125 ng/L. When a 12-lead electrocardiogram was
available, the QT interval was measured and corrected according to
the Bazett formula (QTc = QT/RRY?) and Fridericia’s formula
(QTc = QT/(3.02 x RR'?)). QTc was considered prolonged if >440 ms
in men or >460 ms in women. Echocardiography was performed
using a Vivid E9 or E95 ultrasound system (GE Vingmed, Harten, Nor-
way) and digitally stored for offline analysis using the EchoPAC soft-
ware (version 204; GE Healthcare, Horten, Norway). When available,
the following measurements were extracted from the medical file:
left ventricle ejection fraction (LVEF), presence of aortic valve stenosis
(AoS), systolic pulmonary artery pressure (SPAP) and measures of dia-
stolic dysfunction such as E/A ratio, E/e’ ratio and the left atrial vol-
ume index (LAVI). LVEF was calculated by the Simpson’s biplane
method using the apical 4- and 2-chamber views. Presence and grade
of AoS were classified according to the valve area with >3.0 cm?
indicating absence of an AoS, 1.5-3.0 cm? grade 1 AoS, 1.5-1.0
cm? grade 2 AoS and <1.0 cm? grade 3 AoS. sPAP (unit mmHg)
was estimated from the peak tricuspid regurgitation velocity. The
peak early (E wave) and late (A wave) transmitral velocities
were measured by pulsed wave Doppler from the apical 4-cham-
ber view with the sample volume placed at the tip of the mitral
leaflets. The early peak myocardial relaxation velocity (e’) was
measured using pulsed wave tissue Doppler obtained in the api-
cal 4-chamber view at the septal mitral annulus. The E wave, A
wave and e’ were used to calculate the E/A ratio and E/e’ ratio.
The left atrial volume was assessed by the biplane area-length
method from apical 4- and 2-chamber views and indexed to
body surface area (unit ml/m?) resulting in the LAVI. All meas-
urements were performed in accordance with international
guidelines [14,15].

2.4. Statistical analysis

Continuous variables were reported as mean values + standard
deviation (SD), or median values with interquartile range (IQR) as
indicated. Categorical variables were recorded as numbers and/or
percentages. The Chi-square test was used to compare categorical
variables. Continuous variables were compared with the Student t-
test, one-way analysis of variance (ANOVA) or the Mann-Whitney U
test as appropriate. Paired tests were used when comparing data
within subjects. Correlation between variables was studied using
Spearman’s rho. Subgroup analysis was used to investigate patients
receiving TIPS for refractory ascites and TIPS for variceal bleeding
separately.

Univariate Cox regression was applied to assess variables associ-
ated with CD post-TIPS. Individual biochemical variables were used
in the regression analysis, rather than compound scores such as the
MELD and Child-Pugh score. Variables with p < 0.05 on univariate
analysis were entered in the multivariate model. We used the Fine
and Gray subdistribution hazard function with liver transplantation
and death as competing risks to study the association with post-TIPS
complications. Kaplan-Meier curves were compared using the log-
rank test.

Only cases with available NT-proBNP and echocardiography
reports were included, nevertheless, some values were missing, espe-
cially in cases performed before 2019, when structured reporting of
echocardiography, including detailed hemodynamic measurements,
was not yet implemented as standard of care. Missing data was han-
dled by listwise deletion.

P < 0.05 was considered statistically significant. All statistical
analyses were performed using SPSS (version 28.0, IBM, Armonk, NY,
USA) and R statistics (version 4.1.2, Vienna, Austria).
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2.5. Ethical statements

This retrospective study was approved by the local research Ethics
Committee of the University Hospital of Leuven, Belgium
(MP017025). Need for an informed consent was waived by the Ethics
Committee Research UZ/KU Leuven. Research was conducted in
accordance with the Declarations of Helsinki.

3. Results
3.1. Patient characteristics

A total of 219 patients underwent TIPS placement, of which 106
patients had both echocardiographic parameters and NT-proBNP
available. Out of these 106 patients, 62 received TIPS for refractory
ascites and 44 for variceal bleeding. Fig. 1 shows the inclusion flow-
chart. Patients with variceal bleeding underwent TIPS either as a res-
cue procedure (47.7%), a pre-emptive procedure (36.4%) or as
secondary prophylaxis (15.9%). Included patients were mainly men
(69.8%) with a mean age of 60.6 years old. Alcohol-related liver dis-
ease was the predominant aetiology (72.6%). Table 1 gives an over-
view of the study population demographics.

Patients receiving TIPS for variceal bleeding had more severe liver
disease compared to the refractory ascites group illustrated by the
significantly higher mean MELD score, CLIF-C OF score and higher
portosystemic pressure gradient (PSPG) before TIPS placement (see
Table 1).

The majority of included patients had an increased NT-proBNP
(54.7%) and prolonged QTc (65.5%). There were no patients with a
reduced ejection fraction in our population (i.e. LVEF <45%). Further-
more, there were no patients receiving TIPS with pre-existing severe
AosS (i.e. grade 3). Half of the patients (50.7%) had pulmonary hyper-
tension determined by an estimated sPAP >25 mmHg on echocardi-
ography. Cardiac parameters did not differ between the refractory
ascites and variceal bleeding group, except for LAVI which was signif-
icantly higher in the latter group (see Table 1).

Median time between TIPS and lab results was 1 day before TIPS
(IQR —1 to 0 days), between TIPS and ultrasound 3 days before TIPS
(IQR —28.25 to 1 day) and between TIPS and echocardiography
6 days before TIPS (IQR —41.75 to 0 days). Before 2019 (year of publi-
cation of the Toulouse algorithm), NT-proBNP was only occasionally
determined. Thereafter, it became standard of care. Median time
between TIPS and NT-proBNP analysis was 1 day before TIPS (IQR
—14.25 to 0.5 days).

All patients
n=219
l
| |
Echocardiography NT-proBNP
available available
n=191 n=108
| |
|
both available
n=106
TIPS for TIPS for
refractory ascites variceal bleeding
n =62 n =44

Fig. 1. Study inclusion flowchart.
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To assess possible selection bias, we compared baseline features of
patients receiving TIPS between 2011 and 2021 with and without
echocardiography and NT-proBNP results. Incidence of cardiac
decompensation in patients without echocardiography and NT-
proBNP was not significantly different from that in the current cohort
(6.2% vs. 11.4%, p 0.178). Patients of whom echocardiography results
were available more often underwent TIPS placement for refractory
ascites (57.1% vs 25.0%, p 0.001), more frequently received controlled
expansion stents (39.7% vs 14.8%, p 0.012), less often had active alco-
hol abuse (46.6% vs 67.9%, p 0.036), had higher albumin levels
(32.4 vs 29.1 g/L, p 0.009) and lower sodium levels (135.8 vs
138.8 mmol/L, p 0.004) compared to patients without echocardiogra-
phy results available. Patients of whom NT-proBNP measurement
was available, were often older (60.4 vs 57.3 years old, p 0.051). All
other baseline variables did not show significant differences (see Sup-
plemental Table 1).

3.2. Incidence of cardiac decompensation post-TIPS

During a median follow-up time of 328 days (IQR 52.25 to 933.5
days) 12 patients (11.3%) developed CD. The median time between
TIPS and CD was 11.5 days (IQR 4 to 56.5 days). Two patients (16.7%)
experienced CD within 48 h, and nine patients (75%) experienced CD
within 30 days post-TIPS.

Patients who developed CD were significantly older than patients
who did not (66.8 vs 59.8 years old, p 0.045). Other baseline parame-
ters were not significantly different, specifically MELD score, PSPG
before/after TIPS, and inferior vena cava (IVC)/right atrium (RA) pres-
sure before/after TIPS were similar (see Table 2).

Echocardiographic parameters were not different between the
two groups. Grade 1 and 2 AoS were slightly more frequent in the CD
group (two grade 1 AoS and one grade 2 AoS), though the difference
did not reach statistical significance. Two out of the twelve patients
who developed CD had grade 1 aortic stenosis. Both patients received
IV diuretics which relieved heart failure symptoms. Out of the five
included patients with grade 2 aortic stenosis only one (male, 65y0)
developed CD 25 days post-TIPS, which sadly progressed to recurrent
heart failure episodes. He underwent surgical valve replacement 7
months post-TIPS as part of the work-up for liver transplantation and
developed a delayed intrathoracic bleed post-surgery leading to
hemorrhagic shock, multiorgan failure and eventually death.

When reviewing the 12 cases with CD, we saw that most patients
were still in-hospital when symptoms of CD developed, which were
managed with an increased dose or initiation of diuretics. Only two
patients were rehospitalised and three patients were transferred to
the intensive care unit. One required non-invasive and one invasive
mechanical ventilation because of acute pulmonary oedema. One sin-
gle patient, who also developed ischemic hepatitis immediately after
TIPS, needed TIPS reduction. One patient receiving TIPS for acute vari-
ceal bleeding with ACLF grade 3 at time of TIPS placement, experi-
enced cardiac arrest and subsequently died immediately after TIPS
which was deemed due to acute pulmonary oedema and was there-
fore also allocated to the cardiac decompensation group. However,
overall, mortality one year after TIPS was not elevated in patients
with CD (with CD: 33.3% vs. without CD: 44.7%, p 0.455).

3.3. Variables associated with cardiac decompensation post-TIPS

Factors associated with CD were studied separately for patients
with TIPS for either refractory ascites or variceal bleeding for two rea-
sons. The first being the baseline differences between these two pop-
ulations as shown in Table 1. Secondly, since the circumstances for
TIPS placement in these two populations are very different, with TIPS
for variceal bleeding being mostly performed in (the prevention of)
life-threatening situations and TIPS for refractory ascites performed
in non-urgent settings to improve quality of life.
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Table 1
Study population demographics and comparison of baseline characteristics of patients receiving TIPS for refractory ascites and variceal
bleeding.
Entire cohort TIPS for refractory ascites TIPS for variceal bleeding  p-value
(n=106) (n=62) (n=44)
Male sex 69.8% 67.7% 72.7% 0.670
Age (years) 63.0 (54.7-68.0) 61.5(53.7-67.0) 63.5(55.2-68.7) 0.634
BMI (kg/m?) 24.2(22.1-27.0) 23.6(21.3-26.8) 24.9(22.8-27.1) 0.230
Etiology 0.481
- Alcohol 72.6% 74.2% 70.5%
- MASLD 123% 129% 114%
- Viral 57% 8.1% 23%
- Other 9.4% 4.8% 15.8%
Actively drinking at TIPS placement ~ 45.3% 419% 50.0 % 0411
Controlled expansion TIPS stent 34.0% 36.2% 37.0% 0.846
PSPG before TIPS (mmHg) 15.0(13.0-19.0) 14.5(12.0-17.2) 16.5(14.0-21.7) 0.012
PSPG after TIPS (mmHg) 5.0 (4.0-7.0) 5.0 (4.0-7.0) 5.5(4.0-7.0) 0.915
Creatinine (mg/dL) 1.06 (0.73-1.30) 1.11(0.76-1.31) 0.89(0.67-1.30) 0.837
Albumin (g/L) 32.3(27.9-37.0) 32.6(28.1-36.7) 31.9(27.0-38.0) 0.640
Platelets (x10°/L) 122.5(78.7-176.0) 134.5(99.2-192.2) 100.0 (67.5—145.5) 0.002
Bilirubin (mg/dL) 1.36(0.79-2.12) 1.0(0.65-1.69) 1.7 (1.0-3.7) < 0.001
INR 14(1.2-1.5) 1.3(1.2-1.5) 14(1.3-1.9) 0.002
AST (U/L) 43.0(29.0-70.2) 36.0(26.7-48.5) 64.0 (35.2—130.0) < 0.001
ALT (U/L) 24.0(16.0-37.0) 20.0(14.0-28.0) 35.0(24.0-81.0) < 0.001
White cell count (x10°/L) 6.2 (4.6-8.6) 5.8 (4.8-7.7) 7.9 (45-12.9) 0.029
Sodium (mmol/L) 136.0(132.4-139.1)  135.0(131.3-137.4) 138.4(135.1-141.1) < 0.001
Ammonia («mol/L) 73.0 (56.0-96.0) 68.0 (56.0-82.0) 85.0(57.0-138.7) 0.034
MELD score 12.3(10.2-16.5) 11.8(10.1-14.4) 14.1(10.2-20.6) 0.040
Child-Pugh score 8.0(7.0-9.2) 8.0(7.0-9.0) 8.0(7.0-11.0) 0.230
CLIF-C OF score 6.0 (6.0-8.0) 6.0 (6.0-6.0) 8.5(6.0-12.0) < 0.001
ACLF at TIPS placement 20.8% 48% 432% <0.001
NT-proBNP (ng/L) 154.0 (98.0-587.0) 150.0 (98.0—639.5) 171.0 (98.5-533.0) 0.864
QTc (Bazett formula, msec) 459.0 (441.0-482.5)  457.0 (441.0-479.5) 468.0 (441.0—490.0) 0.178
QTc (Fridericia formula, msec) 438.5(420.0-458.5)  436.7 (419.2—455.7) 441.5 (420.5-471.2) 0.107
LV EF 0.207
- <45% 0% 0% 0%
-45-60% 209 % 246% 159%
->60% 79.1% 75.4% 84.1%
Aortic valve stenosis 0.814
- No stenosis 81.4% 83.0% 79.0 %
- Grade 1 13.7% 119% 163 %
- Grade 2 49% 51% 47 %
- Grade 3 0% 0% 0%
SPAP (mmHg) 25.0(20.0-30.0) 24.0(20.0-27.0) 26.5(21.5-32.5) 0.142
E/A 1.0(0.8-1.2) 0.9(0.7-1.18) 1.1(0.85-1.35) 0.132
Ele’ 7.3 (5.6-9.6) 7.0 (5.4-9.5) 7.6 (6.2—10.6) 0.168
LAVI (ml/m?) 33.0(27.4-404) 30.4(25.3-37.9) 39.0(32.7-48.2) 0.002
Cardiac decompensation 11.3% 129% 9.1% 0.757
Mortality one year after TIPS 434 % 435% 432 % 0.970
Liver transplantation after TIPS 10.4% 113 % 9.1% 1.000

Numbers represent medians (IQR) and percentages. ACLF, Acute-on-Chronic Liver Failure; ALT, Alanine Aminotransferase; AST, Aspar-
tate Aminotransferase; BMI, Body Mass Index; CLIF-C OF, Chronic Liver Failure Consortium Organ Failure; E/A, Ratio of early (E) to late
(A) ventricular filling velocities; E/e’, Ratio of early (E) mitral inflow velocity to early (e’) diastolic mitral annular velocity; INR, Interna-
tional Normalized Ratio; LAVI, Left Atrial Volume Index; LV EF, Left Ventricular Ejection Fraction; MELD, Model for End-Stage Liver Dis-
ease; NT-proBNP, N-terminal pro B-type Natriuretic Peptide; PSPG, Portal-Systemic Pressure Gradient; QTc, Corrected QT interval;
sPAP, Systolic Pulmonary Arterial Pressure; TIPS, Transjugular Intrahepatic Portosystemic Shunt.

In patients receiving TIPS for treatment of refractory ascites, com-
peting risk univariate analysis found a significant association
between CD and older age, higher albumin, higher NT-proBNP and
higher LAVI. After multivariate regression, we found age, albumin
and NT-proBNP predicted CD after shunt placement. The link
between LAVI and CD presumably disappeared on multivariate analy-
sis because higher LAVI correlated with higher NT-proBNP values
(Spearman’s rho 0.40, p 0.008).

Although NT-proBNP is significantly associated with CD, the haz-
ard ratio (HR) is only 1.00 (CI 1.00—1.00), which is a result of the
small unit (ng/L) of this measure. When we calculate the HR for every
100 ng/L increase in NT-proBNP the HR becomes 1.04 (CI 1.00—1.07)
or for every 1000 ng/L increase the HR is 1.43 (CI 1.05-1.93). Fig. 2
illustrates the influence of a baseline NT-proBNP greater than 125 ng/
L on the incidence of CD post-TIPS in the entire study population.

In TIPS for variceal bleeding, higher creatinine and International
Normalised Ratio (INR), but lower albumin levels were linked to CD

on univariate competing risk analysis. However, none of these varia-
bles remained significant on multivariate analysis. Again, significant
correlation was found between higher creatinine and higher INR
(Spearman’s rho 0.45, p 0.002), and between higher INR and lower
albumin (Spearman’s rho —0.43, p 0.004), likely explaining why sig-
nificance disappeared on multivariate analysis. See Table 3 for an
overview of the uni- and multivariate Fine and Gray analysis.

3.4. The Toulouse algorithm

Following the algorithm designed by Billey et al. [11], 90 patients
could be classified into three risk groups, namely: 48 patients (53.3%)
in the zero-risk group, 10 patients (11.1%) in the low-risk group and
32 patients (25.6%) in the high-risk group (see Table 4). The algorithm
was able to identify a significant difference in the risk for CD (p
0.047), with the high-risk group identifying more patients that even-
tually would develop CD. Almost 80% of patients experiencing post-
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Table 2
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Comparison of baseline characteristics of patients with or without cardiac decompensation after TIPS place-

ment.

No cardiac decompensation Cardiac decompensation p-value

(n=94) (n=12)

TIPS for refractory ascites 574% 66.7 % 0.757
Male sex 702 % 66.7% 0.751
Age (years) 61.5(52.7-67.2) 67.0 (61.0-69.7) 0.045
BMI (kg/m?) 23.9(21.9-26.8) 25.3(23.4-28.2) 0.274
Alcohol-related liver cirrhosis 734 % 66.7 % 0.732
Actively drinking at TIPS placement ~ 46.8 % 333% 0.377
Controlled expansion TIPS stent 326% 50.0 % 0.333
PSPG before TIPS (mmHg) 15.0(13.0-19.0) 14.5(12.0-16.7) 0.268
PSPG after TIPS (mmHg) 5.0 (4.0-7.0) 4,0 (3.2-6.0) 0.114
IVC/RA pressure before TIPS (mmHg) 9.0 (6.0-12.0) 11.0(5.7-16.5) 0.363
IVC/RA pressure after TIPS (mmHg) 12.0(9.0-16.0) 14.0(6.5-21.7) 0.327
MELD score 11.9(10.1-16.5) 13.3(10.5-20.1) 0.389
Child-Pugh score 8.0(7.0-10.0) 8.0(7.0-9.0) 0.634
CLIF-C OF score 6.0 (6.0-8.0) 6.0 (6.0-7.7) 0.938
ACLF at TIPS 21.3% 16.7 % 1.000
NT-proBNP (ng/L) 150.0 (97.0-512.0) 539.5(135.0-1255.0) 0.492
QTc (Bazett formula, msec) 459.0 (441.5-482.2) 457.0 (437.0-497.0) 0.589
QTc (Fridericia formula, msec) 438.0 (419.5-458.0) 439.0 (427.0—480.0) 0.121
LVEF

- <45% 0% 0% 0.457

-45-60% 23.4% 83%

- >60% 76.6 % 91.7 %
Aortic valve stenosis 0.787

- No stenosis 822% 75.0%

- Grade 1 133% 16.7 %

- Grade 2 44% 83%

- Grade 3 0% 0%
sPAP (mmHg) 25.0(20.0-30.0) 25.0(22.0-31.0) 0.816
E/A 1.0(0.8-1.2) 0.9 (0.6-1.3) 0.725
Ele’ 7.4(5.5-9.5) 6.3(7.0-10.6) 0.886
LAVI (ml/m?) 32.6 (26.5-40.0) 39.3(29.3-48.5) 0.140
Mortality one year after TIPS 44.7 % 333% 0.455

Numbers represent medians (IQR) and percentages. ACLF, Acute-on-Chronic Liver Failure; BMI, Body Mass
Index; CLIF-C OF, Chronic Liver Failure Consortium Organ Failure; E/A, Ratio of early (E) to late (A) ventricu-
lar filling velocities; E/e’, Ratio of early (E) mitral inflow velocity to early (e’) diastolic mitral annular velocity;
IVC/RA, Inferior Vena Cava/Right Atrium; LAVI, Left Atrial Volume Index; LVEF, Left Ventricular Ejection Frac-
tion; MELD, Model for End-Stage Liver Disease; NT-proBNP, N-terminal pro B-type Natriuretic Peptide;
PSPG, Portal-Systemic Pressure Gradient; QTc, Corrected QT interval; sPAP, Systolic Pulmonary Arterial Pres-
sure; TIPS, Transjugular Intrahepatic Portosystemic Shunt.
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Fig. 2. Kaplan-Meier curve showing the influence of baseline BNP values above or under 125 ng/L on the incidence of cardiac decompensation post-TIPS in the entire study popula-
tion.
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Table 3
Univariate and multivariate Fine and Gray regression analysis for cardiac decompen-
sation after TIPS placement.

TIPS for refractory ascites

Univariate analysis Multivariate analysis

HR 95% Cl p-value aHR 95% Cl p-value
Age 1.05 1.01-1.09 0.013 1.06 1.01-111 0.019
Creatinine 174 097-3.10 0.062
Bilirubin 132 0.70-248 039
INR 504 041-618 021
Sodium 105 091-123 049
Albumin 113 1.07-119 <0.001 110 1.03-1.18 0.009
NT-proBNP  1.00 1.00-1.00 0.022 1.00 1.00-1.00 0.023
QTc (Baz) 1.01 098-1.03 0.3
QTc (Fri) 1.02 098-1.00 0.065
AoS grade 159 0.64-395 031
sPAP 1.09 097-120 0.060
E/A 073 0.05-105 0.82
Ele’ 1.11 091-136 031
LAVI 1.08 1.02-1.15 0.014 1.04 099-1.09 0.16
TIPS for variceal bleeding
Univariate analysis Multivariate analysis
HR 95% Cl p-value aHR 95% Cl p-value
Age 113  096-134 0.15
Creatinine 357 1.61-7.89 0.002 435 031-60.5 0.27
Bilirubin 1.08 093-125 032
INR 253 1.34-477 0.004 063 006-6.89 0.71
Sodium 092 0.79-1.07 026
Albumin 092 086-099 0.031 095 088-1.02 0.17
NT-proBNP  1.00 0.99-1.00 0.71
QTc (Baz) 1.00 097-1.03 0.86
QTc (Fri) 1.01 097-1.04 0.65
AoS grade 1.02 0.16-644 0.98
SPAP 092 081-105 022
E/A 1.78 0.04-70.5 0.76
Ele’ 097 0.72-131 0.85
LAVI 1.02 088-1.18 0.76

AoS, Aortic Valve Stenosis; E/A, Ratio of early (E) to late (A) ventricular filling veloci-
ties; E/e’, Ratio of early (E) mitral inflow velocity to early (e’) diastolic mitral annular
velocity; INR, International Normalized Ratio; LAVI, Left Atrial Volume Index; NT-
proBNP, N-terminal pro B-type Natriuretic Peptide; QTc (Baz), Corrected QT interval
(Bazett formula); QTc (Fri), Corrected QT interval (Fridericia formula); sPAP, Systolic
Pulmonary Arterial Pressure; TIPS, Transjugular Intrahepatic Portosystemic Shunt.

TIPS CD were classified in the high-risk group. However, 2 patients
within the zero-risk group also developed CD. Both these patients
received TIPS for variceal bleeding. Therefore, we revisited the Tou-
louse classification for each indication separately. As a result, we
observed that the algorithm worked well in the refractory ascites pop-
ulation but failed in the variceal bleeding population (see Table 4).

Table 4
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There were only 3 patients with TIPS for variceal bleeding devel-
oping CD of which 2 were allocated to the zero-risk group. The first
of these two patients (male, 70yo) received a pre-emptive TIPS for
acute variceal bleeding and went on to develop CD 67 days post-TIPS
needing initiation of diuretics. NT-proBNP was 100 ng/L, classifying
him as low-risk according to the algorithm. Echocardiography was
performed 6 months prior to TIPS insertion and showed E/A less than
1.5, Efe’ less than 10 but a LAVI more than 34 ml/m?. The second
patient (male, 68yo) underwent rescue TIPS for a variceal bleed. NT-
proBNP on the day of TIPS measured 52 ng/L. He received an echocar-
diography on the same day showing no clear abnormalities, however,
due to lack of echogenicity and the acute setting no detailed meas-
urements were taken. The patient developed subacute heart failure
with preserved ejection fraction 6 months after TIPS placement need-
ing diuretics. In both cases CD was well managed with diuretics only,
mechanical ventilation or TIPS reduction was not indicated.

4. Discussion

In this observational retrospective cohort study, we witnessed CD
after TIPS placement in 11.3% of included patients, occurring mostly
in the first weeks after shunt placement. Multivariate regression
demonstrated that older age, higher albumin and higher NT-proBNP
values at baseline were linked to CD in patients receiving TIPS for
refractory ascites. However, no clear predictors in patients receiving
TIPS for variceal bleeding were found. Correspondingly, the Toulouse
algorithm could identify patients at risk for CD, but only in the popu-
lation receiving TIPS for refractory ascites.

In their study, the authors of the Toulouse algorithm described a
very high incidence of CD after TIPS, namely 20%. The authors even
restricted the definition of the primary outcome to severe CD, i.e.
needing hospital admission for intravenous diuretics, implying an
even higher number if mild-moderate CD would be encompassed.
Studies describing the incidence of CD post-TIPS are scarce. In a large
retrospective study including 882 patients, Modha et al. [12].
reported a CD incidence of only 0.9%. However, only cases in whom
signs of CD developed during the first week after TIPS, were recorded
in this study. In our cohort, cases of CD occurred mostly in the first
month after TIPS. Because of the relation in time, we believe there is
a clear link with shunt placement. In patients experiencing CD more
than one month after TIPS placement or patients in need of aggres-
sive volume resuscitation like with variceal hemorrhage, this link can
be debated as other factors might have precipitated decompensated
heart failure. In the Billey et al. study median time to CD was 30 days,
from this we deduct that half of CD cases occurred in the first month,
thus corresponding to an incidence of 10%. Incidence of CD within
one month after TIPS was 8.5% in our cohort. We believe the inci-
dence of TIPS-related CD was likely underreported in the study of

The Toulouse algorithm applied to the entire study cohort as well as to the refractory asci-

tes and variceal bleeding subgroups.

Zero Risk

Toulouse algorithm  NT-proBNP < 125 ng/L

(Billey et al. 2019)

Entire cohort (n = 90)

Patients without CD 46 (95.8%)

Patients with CD 2 (4.2%)

TIPS for refractory ascites (n = 54)

Patients without CD 29 (100%)

Patients with CD 0 (0%)

TIPS for variceal bleeding (n = 36)

Patients without CD 17 (89.5%)

Patients with CD 2 (10.5%)

Low Risk High Risk
NT-proBNP > 125 ng/L  NT-proBNP > 125 ng/L
and and
E/A<1.5 and E/A>15 or
E/e’ <10 and E/e’>10 or
LAVI < 34 ml/m? LAVI > 34 ml/m?

p = 0.047
9 (90%) 25 (78.1%)
1(10%) 7 (21.9%)

p = 0.003
7 (87.5%) 11 (64.7%)
1(12.5%) 6 (35.3%)

p=0.837
2 (100%) 14 (93.3%)
0 (0%) 1 (6.7%)

CD, cardiac decompensation; LAVI, left atrial volume index
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Modha et al. since it only accounted for CD in the first week, and, cor-
respondingly, might have been overreported in the study of Billey
et al. since half of cases occurred more than one month post-TIPS.

Multivariate regression showed a significant association between
CD after TIPS for refractory ascites and older age, higher albumin and
higher NT-proBNP levels. While a higher NT-proBNP in patients at
risk for CD was also described in the Toulouse study, higher age and
albumin were not significant in this study. Modha et al. did find an
older age and higher albumin level in patients with CD after TIPS, but
they did not assess (NT-pro)BNP. It seems plausible that a higher age
predisposes to CD as well as a higher albumin which reflects oncotic
pressure. In patients receiving TIPS for variceal bleeding, none of the
cardiologic variables were significantly associated with CD.

When applying the Toulouse algorithm, we discovered it worked
well in patients with refractory ascites, but failed in those with cirrho-
sis and variceal bleeding. This finding might be explained by the dif-
ferent inclusion criteria in the Toulouse study, which included
preoperative TIPS and excluded emergency and pre-emptive TIPS for
variceal bleeding. Only a minority of patients included in our study
received TIPS for secondary prevention of variceal bleeding. As a con-
sequence of including urgent TIPS indications, some patients in our
variceal bleeding group received echocardiography and NT-proBNP in
an urgent setting where use of vasopressors, resuscitation with IV flu-
ids and blood products, protective intubation, etc. might have influ-
enced measurements. Based on our findings, we subsequently
conclude that the Toulouse algorithm should not be applied in
patients needing pre-emptive or emergency TIPS for variceal bleeding.

Besides the aforementioned differences with the Toulouse study,
our study population had comparable baseline characteristics, partic-
ularly mean age, MELD score, PSPG before and after TIPS, NT-proBNP,
QTc, E/A, E[e’, LAVI values and main aetiology were similar.

It should be mentioned that many patients identified as high-risk
by the Toulouse algorithm did not experience CD post-TIPS, therefore
the algorithm should merely be used to increase awareness and mon-
itoring for signs of CD rather than as an exclusion criterium for TIPS
placement. TIPS placement in patients with AoS remains a much-
debated topic. Since CD post-TIPS was well managed with diuretics
and did not lead to increased mortality in our series, TIPS appears
safe in mild and moderate AoS. In our centre, TIPS insertion is
avoided in patients with severe AoS. This cohort contained one case
with moderate AoS who developed recurrent CD and died in the
aftermath of surgical valve replacement. This case, in addition to the
data from the Toulouse trial, does call for caution when TIPS is con-
sidered in patients with moderate to severe AoS, especially in a non-
urgent setting.

This study has a few limitations inherent to the retrospective
nature of our database. Cardiac assessment was not routinely per-
formed before 2019 (year of publication of the Toulouse algorithm).
Indeed, since not all patients receiving TIPS before 2019 had both NT-
proBNP and echocardiography performed, it is possible that both
investigations were only performed in those considered at higher
risk by the treating physician, thus introducing selection bias in our
database. This is reflected by the lower sodium and higher albumin
values (possibly indicating clinical fluid overload) and by the older
age of individuals with echocardiography and NT-proBNP results
available. Echocardiography was also more frequently missing in the
variceal bleeding group, presumably owing to the urgent setting of
this TIPS indication. Furthermore, timing and circumstances of echo-
cardiography and NT-proBNP measurements were not standardized.
As mentioned before, clinical factors such as use of vasopressor, IV
fluids (e.g. albumin substitution), etc. could have influenced the
measurements. Nevertheless, our findings are important since this is
the first study to confirm the efficacy of the Toulouse algorithm in
patients needing TIPS for refractory ascites.

While we included patients receiving TIPS during a large time-
frame, our cohort only involves single-centre data. More data in this
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field are welcomed which will likely be expedited by international
collaborations and the introduction of artificial intelligence. Future
studies should focus on the different indications for TIPS placement
separately and should also focus on patients receiving preoperative
TIPS. The Toulouse algorithm remains to be validated in this latter
non-urgent indication, in which cardiac evaluation and risk-benefit
assessment are all the more important.

5. Conclusions

We can conclude that CD is not an infrequent complication post-
TIPS occurring in around 1 out of 10 patients and mostly in the first
month post-TIPS. When TIPS is considered to relieve symptoms of
refractory ascites, evaluation should include echocardiography and
NT-proBNP, and the Toulouse algorithm can be applied to identify
those at risk of CD requiring close monitoring for signs of heart fail-
ure. As CD can be well managed with diuretics in most cases, alloca-
tion to the high-risk group should not preclude shunt placement but
does call for increased surveillance. Furthermore, in patients needing
TIPS for variceal bleeding, the Toulouse algorithm failed to identify
those at risk for developing CD. In these patients, TIPS should not be
avoided based on cardiac parameters - such as diastolic dysfunction,
prolonged QTc or mild-moderate AoS - especially when TIPS could be
a life-saving or life-altering procedure.
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