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Prognostic assessment of patients with liver cirrhosis allocated for implantation of a transjugular intrahepatic porto-
systemic shunt (TIPS) is a challenging task in clinical practice. The aim of our study was to assess the prognostic
value of the CLIF-C AD (Acute Decompensation) score in patients with TIPS implantation. Transplant-free survival
(TFS) and 3-month mortality were reviewed in 880 patients who received de novo TIPS implantation for the treat-
ment of cirrhotic portal hypertension. The prognostic value of the CLIF-C AD score was compared with the Model
for End-Stage Liver Disease (MELD) score, Child-Pugh score, and albumin-bilirubin (ALBI) score using Harrell's C
concordance index. The median TFS after TIPS implantation was 40.0 (34.6-45.4) months. The CLIF-C AD score
(c = 0.635 [0.609-0.661]) was superior in the prediction of TFS in comparison to MELD score (c = 0.597 [0.570-
0.623], P = 0.006), Child-Pugh score (¢ = 0.579 [0.552-0.606], P < 0.001), and ALBI score (c = 0.573 [0.545-0.600],
P < 0.001). However, the CLIF-C AD score did not perform significantly better than the MELD-Na score (c = 0.626
[0.599-0.653], P = 0.442). There were no profound differences in the scores’ ranking with respect to indication for TIPS
implantation, stent type, or underlying liver disease. Subgroup analyses revealed that a CLIF-C AD score >45 was a
predictor of 3-month mortality in the supposed low-risk group of patients with a MELD score <12 (14.7% vs. 5.1%,
P < 0.001). Conclusion: The CLIF-C AD score is suitable for prognostic assessment of patients with cirrhotic portal
hypertension receiving TIPS implantation. In the prediction of TFS, the CLIF-C AD score is superior to MELD
score, Child-Pugh score, and ALBI score but not the MELD-Na score. (Hepatology Communications 2021;5:650-660).

mplantation of a transjugular intrahepatic porto-
systemic shunt (TIPS) is a safe and effective treat-
ment for complications of portal hypertension in
patients with liver cirrhosis.”) However, patients that
require TIPS implantation due to decompensated liver
cirrhosis are a population with impaired prognosis per

se. Reported in-hospital mortality following TIPS
implantation ranges between 2.3% and 16.3%, and
3-month mortality between 7.9% and 27.0%.%® For
optimum patient care after TIPS implantation, it is
crucial to identify those patients who are at high risk
for a poor outcome. Originally developed for this

Abbreviations: ACLE acute-on-chronic liver failure; ALBI, albumin-bilirubin; MELD, Model for End-Stage Liver Disease; PSG, portosystemic
pressure gradient; TFES, transplant—free survival; TIPS, transjugular intrahepatic portosystemic shunt.

Received September 22, 2020; accepted November 22, 2020.

Additional Supporting Information may be found at onlinelibrary.wiley.com/doi/10.1002/hep4.1654/suppinfo.

*These authors contributed equally fo this work.
“These authors contributed equally to this work.

Supported by Deutsche Forschungsgemeinschaft (SFB TRR57 P18 and CRC1382), H2020 European Institute of Innovation and Technology
(668031 and 825694), Fundaci¢n Cellex (PREDICT), and H2020 Society (731875).

© 2021 The Authors. Hepatology Communications published by Wiley Periodicals LLC on behalf of the American Association for the Study of Liver
Diseases. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use
and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modg'fimfiom or adaptations are

made.

650


https://orcid.org/0000-0002-3623-7857
mailto:﻿
https://orcid.org/0000-0001-7033-9956
https://orcid.org/0000-0002-8782-8729
https://orcid.org/0000-0002-7028-3881
https://onlinelibrary.wiley.com/doi/10.1002/hep4.1654/suppinfo
http://creativecommons.org/licenses/by-nc-nd/4.0/

HEPATOLOGY COMMUNICATIONS, Vol.5, No. 4, 2021

purpose, the MELD score has prevailed as primary
prognostic tool for patients with TIPS implanta-
tion.””¥ In 2015 the European Association for the
Study of the Liver (EASL)-CLIF Consortium pub-
lished the CLIF-C AD (Acute Decompensation)
score that was designed to predict 3-month mortal-
ity in patients with decompensated liver cirrhosis—
excluding patients with acute-on-chronic liver failure
(ACLF).” So far, the CLIF-C AD score has not
been validated in the TIPS setting. Hence, the aim
of our study was to assess the CLIF-C AD score as a
prognostic tool in patients with implantation of TIPS
in comparison to the MELD score, the Child-Pugh
score, and the albumin-bilirubin (ALBI) score.

Patients and Methods

PATIENT SELECTION

A total of 1,235 patients who received de novo TIPS
implantation at the University Medical Centers Freiburg
(n = 489) and Bonn (n = 746) between January 2004
and September 2016 were screened. Thirty patients with
Budd-Chiari-syndrome, 16 patients with noncirrhotic
portal vein thrombosis, and 46 patients with hepatocel-
lular carcinoma were excluded. Furthermore, 55 patients
with missing or incomplete clinical were excluded. The
remaining 1,088 patients were screened for fulfilling
the criteria for ACLF according to the definition of the
EASL-CLIF consortium.’” A total of 208 patients
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(19.1%) with ACLF before TIPS implantation were
excluded. Eventually, 880 patients were enrolled in the
study, as summarized in Fig. 1.

All patients were diagnosed with liver cirrhosis and
clinically significant portal hypertension. Diagnosis of
liver cirrhosis and portal hypertension was based on
imaging and endoscopic studies, clinical findings, and
laboratory tests. In addition, the portosystemic pressure
gradient (PSG) was measured in all patients during the
TIPS intervention before stent implantation, to con-
firm the presence of portal hypertension (210 mmHg).
Indication for TIPS implantation was based on the rec-
ommendations of the Baveno consensus conference and
the German guidelines for the treatment of ascites and
variceal bleeding.1*® Patients received TIPS implan-
tation in standard clinical care.

TIPS PROCEDURE

TIPS implantation was performed as described
previously.(l) Summarizing, a puncture needle was
advanced into a hepatic vein using a transjugular
approach. After successful puncture of the portal
vein under ultrasound guidance, spleno-portography
was performed to confirm correct positioning of the
catheter and to detect varices. In case of suitable
varices, angiographic embolization was performed.
Subsequently, the parenchymal tract was dilated and
the stent graft was placed. Portal vein and inferior
vena cava pressure were measured before and after
placement of the stent graft to determine the PSG.
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1235 patients with de novo TIPS-implantation
(n = 489 Medical Center University of Freiburg, n = 746 Medical Center University of Bonn)

147 patients excluded:
n = 30 Budd-Chiari-syndrome

'

2 | n =16 non-cirrhotic PVT
n=46 HCC
n = 55 missing clinical data

1088 patients |

!

> | 208 patients with ACLF excluded |

880 patients included

FIG. 1. Flow chart summarizing patient inclusion. A total of 1,235 patients who received de novo TIPS implantation were screened.
A total of 147 patients with noncirrhotic portal hypertension, hepatocellular carcinoma, or missing clinical data and 208 patients with
acute-on-chronic liver failure according to the definition of the EASL-CLIF consortium were excluded.™” Eventually, 880 patients
were enrolled in the study. Abbreviations: ACLF, acute-on-chronic liver failure; HCC, hepatocellular carcinoma; PV'T, portal vein

thrombosis.

Different types of noncovered stents and covered
stents were used, as the choice of stent type was not
defined in the study protocol but was made by the
respective interventionalist.

ETHICS APPROVAL

Written informed consent for TIPS implantation
and for data collection was obtained from all patients.
The multicenter study was approved by the local eth-
ics committee (No. EK 355/20) and is in accordance
with the Declaration of Helsinki.

STATISTICAL ANALYSES

The study was a retrospective observational anal-
ysis. Patients’ demographic data, interventional data,
and laboratory parameters were reviewed in the med-
ical records. Liver function was assessed using the
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CLIF-C AD score, the MELD score, the Child-
Pugh score and the ALBI score. Parameters used to
calculate the scores were assessed within 48 hours
before TIPS implantation. The CLIF-C AD score
was calculated according to the formula presented
on the EASL-CLIF consortium website.' Patients
were analyzed from the day of TIPS implantation
until death (n = 671; 76.3%), liver transplantation
(n = 47; 5.3%), or last contact. The primary endpoint
was transplant-free survival (TFS); 3-month mortal-
ity after TIPS implantation was defined as a second-
ary endpoint. The cutoff point for survival data was
January 15, 2019.

Continuous variables were expressed as mean
with SD; categorial variables were expressed as fre-
quencies and percentages. Differences in continuous
variables were determined using Wilcoxon Mann-
Whitney and Kruskal-Wallis tests, as there was no
Gaussian distribution of the data. The y* tests or
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Fisher’s exact tests were used for categorial variables.
P values < 0.05 were considered significant. TFS was
calculated according to the Kaplan-Meier method
with death and liver transplantation being recorded
as event. Differences in survival were assessed using
log-rank tests.

For survival analyses, patients were stratified accord-
ing to MELD score, applying a cutoff of <12, as this
value has been used previously to define patients with
relatively preserved liver function.!”) Patients were
stratified according to CLIF-C AD score, applying
cutoff values of <45 and 260, as these defined low-
risk and high-risk patients in the CLIF-C AD score’s
original publication.(g) Discriminatory performance of
the CLIF-C AD score in comparison to the Child-
Pugh and MELD score was assessed using Harrell’s
C concordance index (c-index). Statistical compar-
ison of the c-indices for TFS was performed using
STATA’s Somers’ D package. To analyze the percent-
age improvement of the CLIF-C AD score in com-
parison to the other scores, the prediction error rate
was determined. Prediction error rate was assessed as
percentage reduction in discordance rate of the CLIF
C-AD versus the other scores, respectively (100 *
[c-indexpc ap — c-index  J/[1 - c-index _]).
Statistical analyses were performed with SPSS
(Version 25.0; IBM, New York, NY), GraphPad
Prism (Version 8; GraphPad Software, San Diego,
CA), and STATA (Version 15.0; StataCorp, College
Station, TX). The study was conducted in accordance

with the STROBE guidelines.™®

Results
PATIENT CHARACTERISTICS

Table 1 patient characteristics.
Indication for TIPS implantation was treatment
of refractory ascites including hepatic hydrothorax
in 458 patients (52.0%) and secondary prophy-
laxis of variceal bleeding in 422 patients (48.0%).
The mean MELD score of the patients included
was 11.1 + 3.6; most of the 614 patients (69.8%)
presented with a MELD score <12. A total of 183
patients (20.8%) were classified as Child-Pugh A,
559 patients (63.5%) as Child-Pugh B, and 138
patients (15.7%) as Child-Pugh C. A total of 93
patients (10.6%) were in ALBI stage 1, 531 patients

summarizes
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(60.3%) in ALBI stage 2, and 256 patients (29.1%)
in ALBI stage 3. The mean CLIF-C AD score in
the patient collective was 48.4 + 7.6, with most of
the 522 patients (59.3%) presenting with a CLIF-C
AD score between 46 and 59, 294 patients (33.4%)
with a CLIF-C AD score of < 45, and 64 patients
(7.3%) with a CLIF-C AD score of > 60.

TFS AND 3-MONTH MORTALITY
AFTER TIPS IMPLANTATION
ACCORDING TO MELD,
CHILD-PUGH, ALBI, AND

CLIF-C AD SCORE

Median TFS after TIPS implantation was 41.0
(35.3-46.7) months. TFS was significantly related to
the MELD score. Patients with a MELD score >12
displayed significantly reduced TFS of 21.0 (14.4-
27.6) months compared with 48.0 (40.8-55.2) months
in patients with a MELD score of <12 (P < 0.001;
Fig. 2A). TFS was also linked to the Child-Pugh
score, as it was 63.0 (45.9-80.1) versus 37.0 (30.5-
43.5) versus 27.0 (19.0-35.0) months in patients
with Child-Pugh stadiums A, B and C, respec-
tively (P < 0.001; Fig. 2B). However, discrimination
between Child-Pugh stadiums B and C was not sta-
tistically significant (P = 0.068). TFS declined with
ALBI grade from 65.0 (48.3-81.7) months in grade 1
to 41.0 (35.4-46.6) months in grade 2 to 29.0 (20.1-
37.9) months in grade 3 (P < 0.001; Fig. 2C). Similar
to the Child-Pugh score, the ALBI score did not offer
significant discrimination between stadiums 2 and 3
(P =0.075). The CLIF-C AD score also offered sub-
stantial differentiation with regard to survival: TFS
declined with increasing CLIF-C AD score from
67.0 (58.3-75.7) to 30.0 (23.0-37.0) to 11 (0-22.2)
months in patients with a CLIF-C AD score of <45,
46-59, and 260, respectively (P < 0.001; Fig. 2D).

Three-month mortality in the patient collec-
tive investigated was 14.7%. It was also significantly
linked to MELD score, as 3-month mortality was
10.1% compared to 25.2% in patients with a MELD
score of <12 and >12, respectively (P < 0.001). Three-
month mortality was also significantly related to the
Child-Pugh score, as it accounted for 7.1%, 16.1%,
and 18.8% in patients with Child-Pugh stadiums A,
B, and C (P = 0.004), and to the ALBI score, as it was
4.3%, 14.1%, and 19.5% in ALBI grades 1, 2, and 3
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TABLE 1. PATIENT CHARACTERISTICS

Total of Patients

Age (years)

Etiology of liver disease
Viral liver disease

HCV
HBV
Nonviral liver disease
Alcoholic
NASH
Others

Indication for TIPS implantation
Ascites
Varices

History of HE before TIPS
No HE
Grade |
Grade Il

CLIF-C AD score
<45
46-59
> 60

MELD score
<12
>12

Child-Pugh score
A
B
c*

MELD-Na score

ALBI score
1
2
3

Hepatic hemodynamical data
PSG before TIPS (mmHg)
PSG after TIPS (mmHg)

Stent type
Noncovered
Covered

Stent size
Diameter (mm)
Length (mm)

TIPS revision®
Dilatation/overstenting
Reduction

Laboratory
WBC (10%/uL)

INR

Creatinine (mg/dL)
Bilirubin (mg/dL)
Albumin (g/L)

654

880
58.1+123

95 (10.8%)
35 (4.0%)

554 (63.0%)
8 (0.9%)
188 (21.4%)

458 (52.0%)
422 (48.0%)

768 (87.3%)
84 (9.5%)
28 (3.2%)
484 7.6

294 (33.4%)

522 (59.3%)
64 (7.3%)
11.1£3.6

614 (69.8%)

266 (30.2%)
7917

183 (20.8%)

559 (63.5%)

138 (156.7%)
143+3.8
-1.7+£18
93 (10.6%)

531 (60.3%)

256 (29.1%)

20.7£56.7
9.0+43

268 (30.5%)
612 (69.5%)

10115
60.0+10.9
206 (23.4%)
199 (22.6%)
7 (0.8%)

6.7+3.6
12+02
1.1+£0.3
1.6+1.2
30+8
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TABLE 1. Continued

Sodium (mmol/L) 136 £5
Mortality

TFS (months) 40.0 [34.6 - 45.4]

3-month mortality 129 (14.7%)

*Decision for TIPS implantation was made on an individual basis.
"Patients receiving TIPS revision in the course of the observation
period.

Abbreviations: CI, confidence interval; HBV, hepatitis B virus;
HCYV, hepatitis C virus; HE, hepatic encephalopathy; INR, inter-
national normalized ratio; NASH, nonalcoholic steatohepatitis;
PSG, portosystemic gradient; WBC, white blood count.

(P=0.002). Again, the difference between Child-Pugh
stadiums B and C and ALBI grades 2 and 3 was not
statistically significant (P = 0.445 and P = 0.052). The
CLIF-C AD score also offered significant discrimina-
tion, as 3-month mortality was 6.5% in patients with
a score <45, 16.7% in patients with a score of 46-59,
and 35.9% in patients with a score 260 (P < 0.001;
Supporting Fig. S1).

PROGNOSTIC DISCRIMINATION
OF CLIF-C AD, MELD,
CHILD-PUGH, AND ALBI SCORE

To assess the prognostic discrimination of the
different scores, the patients’ Harrell c-indices were
calculated. The CLIF-C AD score achieved the
highest c-index of 0.635 (0.609-0.661) with regard
to prediction of TFS. The MELD score achieved
a c-index of 0.597 (0.570-0.623), followed by the
Child-Pugh score with a c-index of 0.579 (0.552-
0.606) and the ALBI score with a c-index of 0.573
(0.545-0.600). The CLIF-C AD score performed
significantly better in comparison to MELD score
(P = 0.006), Child-Pugh score (P < 0.001), and
ALBI score (P < 0.001). The percentage improve-
ment of the prediction error rate obtained with the
CLIF-C AD score compared with MELD score,
Child-Pugh score, and ALBI score was 9%, 13%
and 15%, respectively. However, incorporating the
modified MELD-Na score into the analysis revealed
that the CLIF-C AD score’s c-index was only mar-
ginally higher compared with the MELD-Na score
with a c-index of 0.626 (0.599-0.653). Subsequently,
the CLIF-C AD score’s improvement of prediction
toward the MELD-Na score was not significant
(P =0.442).
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FIG. 2. Transplant-free survival according to MELD, Child-Pugh, ALBI, and CLIF-C AD score. MELD, Child-Pugh, ALBI, and
CLIF-C AD scores were all able to stratify patients according to TFS following TIPS implantation. Patients with a MELD score > 12
showed significantly reduced TFS of 21.0 (14.4-27.6) months compared with 48.0 (40.8-55.2) months in patients with a MELD score of
<12 (P<0.001). TFS was 63.0 (45.9-80.1) versus 37.0 (30.5-43.5) versus 27.0 (19.0-35.0) months in patients with Child-Pugh stadiums
A, B and C, respectively (P < 0.001). TFS was 65.0 (48.3-81.7) months in ALBI stadium 1, 41.0 (35.4-46.6) months in ALBI stadium 2,
and 29.0 (20.1-37.9) months in ALBI stadium 3 (P < 0.001). TFS declined with increasing CLIF-C AD score from 67.0 (58.3-75.7) to
30.0 (23.0-37.0) to 11 (0-22.2) months in patients with a CLIF-C AD score of < 45,46-59, and 2 60, respectively (P < 0.001).

With regard to 3-month TFS, the CLIF-C AD
score (¢ = 0.688 [0.638-0.738]) performed signifi-
cantly better than Child-Pugh score (¢ = 0.614
[0.564-0.664]; P = 0.026). However, the CLIF-C
AD score’s performance was not significantly better
in comparison to the MELD score (¢ = 0.656 [0.603-
0.710]; P = 0.259) and the ALBI score (c = 0.621
[0.570-0.672]; P = 0.077). In fact, the MELD-Na
score even predicted 3-month mortality marginally
better than the CLIF-C AD score (c = 0.698 [0.647-
0.747]). However, the difference was not significant
(P =0.668).

Incorporating further survival endpoints revealed
that the CLIF-C AD score’s performance in relation
to the other scores investigated improved with time,
as summarized in Table 2.

PROGNOSTIC EFFECTS OF TIPS
INDICATION, STENT TYPE, AND
UNDERLYING LIVER DISEASE

TFS was significantly reduced in patients with
ascites as leading TIPS indication, compared to
patients with varices as leading TIPS indication (48.0
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TABLE 2. C-INDICES OF SCORES FOR PREDICTION OF DIFFERENT SURVIVAL ENDPOINT'S
C-Index [95% CI] PValue*

CLIF-CAD MELD Child-Pugh MELD-Na ALBI
1-month TFS ~ 0.673 [0.607-0.740]  0.618[0.544-0.703]0.175  0.600[0.523-0.677]0.146  0.673[0.601-0.746]0.999  0.621 [0.542-0.699] 0.364
3-monthTFS  0.688[0.638-0.738]  0.656 [0.603-0.710]0.259  0.614[0.564-0.664]0.026  0.698 [0.647-0.747]0.668  0.621 [0.570-0.672] 0.077
6-month TFS  0.688[0.646-0.730]  0.648 [0.603-0.692]0.090  0.599 [0.555-0.642]0.001  0.694 [0.652-0.736]0.747  0.598 [0.553-0.643] 0.004
lyear TS 0.672[0.636-0.708]  0.631 [0.594-0.669] 0.045  0.592 [0.555-0.628] <0.001  0.674[0.638-0.710]0.850  0.585 [0.547-0.623] 0.001
2vearTFS  0.671[0.638-0.704]  0.625[0.591-0.660] 0.014  0.599 [0.565-0.632] <0.001  0.647 [0.616 -0.679]0.654  0.585 [0.553-0.618] 0.002
TFS 0.6350.609-0.661]  0.597 [0.570-0.623]0.006 ~ 0.579 [0.552-0.606] < 0.001  0.626[0.599-0.653] 0.442  0.573 [0.545-0.600] < 0.001

*P value against CLIF-C AD score.

[39.5-56.5] months vs. 30.0 [21.0-39.0] months;
P < 0.001; Supporting Fig. S2). The prognostic val-
ues of the scores investigated were comparable in
both subgroups, with the CLIF-C AD score and the
MELD-Na score performing best (Coy ¢ AD ascites =
0.611 [0.572-0.650] vs. ¢y 11 1-Na ascites = 0-610 [0.571-
0.649]; P = 0.957; Copqrc AD varices = 0-638 [0.601-
0.676] vs. Cpiprp-Na varices = 0-617 [0.579-0.0.656];
P = 0.230). The type of implanted stent was also a
relevant prognostic factor, as patients with a covered
stent displayed a significantly longer TFS in compar-
ison to patients with a noncovered stent (44.0 [36.6-
51.4] months vs. 31.0 [21.6-40.4] months; P < 0.001;
Supporting Fig. S3). The CLIF-C AD score and
the MELD-Na score performed best in both
patients with covered and noncovered stent. Notably,
both scores’ prognostic values were higher among
patients with a covered stent (Copipc AD covered =
0.652 [0.619-0.685] Vvs. CpipipNa covered = 0-640
[0.606-673]; P = 0.401; Co1 15 AD non-covered = 0-298
[0.554-0.642] vs. C\1p1D-Na non-covered = 0-397 [0.552-
0.642]; P = 0.978). There were no significant differ-
ences in TFS between patients with smaller (<9 mm)
and larger (210 mm) stent diameter (41.0 [33.6-48.4]
months vs. 39.0 [32.0-40.0] months; P = 0.772) or
patients with and without TIPS revision during the
observational period (38.0 [32.2.-43.8] months vs.
48.0 [32.3-63.7] months; P = 0.861). With regard to
underlying liver disease, there was no significant differ-
ence in TFS between patients with alcoholic and viral
liver disease (38.0 [31.7-44.3] months vs. 48.0 [30.7-
65.3] months; P = 0.386). While the scores investi-
gated performed better in patients with viral liver
disease in absolute measures, there were no profound
differences in their relative performance between the
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two etiologies. Supporting Table S1 summarizes the
prognostic scores’ c-indices for patient subgroups.

PROGNOSTIC EFFECT OF THE
CLIF-C AD SCORE IN PATIENTS
WITH LOW MELD SCORE

Exploratory analyses of the data showed that 614
patients (69.8%) presented with a MELD score <12,
suggesting low-risk patients with comparatively good
liver function. However, 3-month mortality in this
subgroup still accounted for 10.1%, illustrating poor
prognosis despite a low MELD score. We assessed
whether the CLIF-C AD score could substratify this
patient group. As only 14 (2.3%) of patients with a
MELD score <12 had a CLIF-C AD score 260, this
cutoff proved unfeasible for a sensible substratification.
However, 256 (41.7%) of the patients with a MELD
score <12 had a CLIF-C AD score <45. Applying this
cutoff value allowed significant prognostic discrimina-
tion of the patients with low MELD scores, as those
with a CLIF-C AD score <45 displayed a significantly
lower 3-month mortality of 5.1% compared to 14.7%
in those with a CLIF-C AD score >45 (P < 0.001).
The difference in 3-month mortality between patients
with a MELD score of <2 and a CLIF-C AD score
of >45 and patients with a MELD score >12 was also
significant (14.7% vs. 25.2%; P < 0.001) (Fig. 3). In
contrast, the CLIF-C AD score was not able to sub-
stratify patients with a MELD score >12 (P = 0.224).

The significant prognostic discrimination within
the low-MELD subgroup of patients applying a cut-
off of a CLIF-C AD score <45 was also consistent for
long-term survival (TFS 71.0 months [60.7-81.3] vs.
34.0 months [26.2-41.8]; P < 0.001).
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FIG. 3. Stratification according to 3-month mortality by the
CLIF-C AD score in the low-MELD patient group. Among
the supposed low-risk patients with a low MELD score of < 12,
patients with a CLIF-C AD score < 45 displayed a significantly
lower 3-month mortality of 5.1% compared with 14.7% in those
with a CLIF-C AD score > 45 (P < 0.001). The difference in
3-month mortality between patients with a MELD score of < 12
and a CLIF-C AD score of > 45 and patients with a MELD score
> 12 was also significant (14.7% vs. 25.2%; P < 0.001).

Discussion

TIPS implantation is the acknowledged interven-
tional therapy for the treatment of portal hypertension
in specific patients with liver cirrhosis, such as patients
with refractory ascites or patients who suffered from
variceal bleeding.") The TIPS not only offers effective
portal decompression, and therefore therapy of compli-
cations of portal hypertension, but can also lead to an
improved survival.""*® At the same time, apart from
hepatic encephalopathy that occurs in up to one third
of patients after TIPS implantation procedure-related
complications are rare.>'” Despite the efficacy and
safety of TIPS implantation, it is important to realize
that patients with liver cirrhosis requiring treatment
of refractory ascites or secondary prophylaxis of vari-
ceal bleeding by TIPS are a high-risk patient cohort.
These patients present with decompensated liver cir-
rhosis, which is associated with significantly impaired
prognosis per se.?? In clinical practice, identifying
those patients who are at high risk for a poor outcome
is an important factor in making the decision for or
against TIPS implantation. On the other hand, known
high-risk patients can be monitored more closely than
in routine care after TIPS implantation. Identification
of prognostic factors in TIPS patients is subject to
intensive research. For example, the NEPTUN study
(NCT03628807), an observational, real-world TIPS
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cohort with structured follow-up described sarcope-
nia and echocardiographic parameters as prognostic
factors.*"?? In addition, several instrument-based
parameters of liver function and portal hypertension,
which could serve to assess patients’ prognoses, have
emerged in recent years, such as the liver maximum
function capacity test (LiMax) or transient elastogra-
phy.®?¥ Furthermore, several scoring systems have
been evaluated for prognostic assessment of TIPS
patients. Since its publication in 2000, the MELD
score, designed to predict 3-month mortality in TIPS
patients, is still likely to be considered the most valid
tool to assess prognosis in patients undergoing TIPS
implantation. Various studies demonstrated that the
MELD score is superior to the widely used Child-
Pugh classification in this setting."® The ALBI score
has been discussed as a possible alternative model, but
so far has not proven suitable as predictor for sur-
vival after TIPS implantaltion.(zs’26 Importantly, the
MELD score has several limitations, too. Indeed, it
was observed that the MELD score tends to overes-
timate mortality and, designed to predict short-term
mortality, its prognostic value significantly decreases
in the long term.”” An alternative prognostic model
is the modified MELD-Na score, which was designed
to improve the MELD score’s performance in patients
awaiting liver cirrhosis.?”” However, the MELD-Na
is not established as prognostic tool in patients under-
going TIPS implantation, as it has been evaluated
with mixed results in this context.?®?? In 2015 the
EASL-CLIF Consortium published the CLIF-C
AD score for prognostic assessment of patients hos-
pitalized for decompensated liver cirrhosis (without
ACLF).”) We set out to investigate the prognostic
value of the CLIF-C AD score in patients under-
going TIPS implantation and to compare it with
the MELD score, the Child-Pugh score, and the
ALBI score. Indeed, in our analysis of 880 patients
the CLIF-C AD score allowed significant stratifica-
tion according to TFS following TIPS implantation.
Thereby, the CLIF-C AD score’s prognostic per-
formance increased with time. Compared with the
MELD score, the Child-Pugh score and ALBI score
demonstrated that the CLIF-C AD score was supe-
rior in the prediction of long-term survival among
these scores, but performed only marginally better
in comparison with the modified MELD-Na score.
With regard to the prediction of short-term survival
3 months after TIPS implantation, the CLIF-C AD
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was not superior to the MELD score and ALBI score,
with the MELD-Na score even performing minimally
better. Subgroup analyses demonstrated impaired TFS
in patients with a noncovered stent in comparison to
patients with a covered stent, which is in accordance
with previous studies.®” With respect to stent size,
we observed no significant difference in TFS between
patients with smaller (<9 mm) and larger (210 mm)
shunt diameter. This result is in contrast to a recent
study in which a smaller nominal shunt diameter was
associated with better survival after TIPS implanta-
tion.®" Importantly, our data do not allow us to dif-
ferentiate whether the reported shunt diameter was
nominal or due to underdilation, which may influence
our survival analyses. With regard to the prognostic
scores’ ranking, we observed no profound differences
with respect to technical TIPS specifics, indication for
TIPS implantation, or underlying liver disease.

To the best of our knowledge our study is the first
to investigate the prognostic value of the CLIF-C AD
score in patients with TIPS implantation. In a recent
study, Lv et al. found the CLIF-C AD score to be
a strong predictor for mortality in 608 patients with
liver cirrhosis in Child-Pugh stadium B and active var-
iceal bleeding.®? Fifty-four of these patients (8.9%)
received a rescue TIPS; patients with early or elective
TIPS were excluded from the analysis. Due the low
number of TIPS patients and the narrowly defined
patient collective investigated, the significance of the
study’s findings in the context of TIPS implantation in
general appears limited. Allegretti et al. compared the
CLIF-C ACLF score to the MELD score and Child-
Pugh score in 440 patients.”) The study reported
the prognostic discrimination of the MELD score
to be higher than that of the CLIF-C ACLF score.
However, the authors did not specify whether patients
included in the study met the criteria of ACLF accord-
ing to the EASL consortium.” Because the CLIF-C
ACLF score was developed particularly for patients
with ACLE, this may be a reason for the weaker per-
formance of the score in comparison with the MELD
score. In contrast, we applied the CLIF-C AD score
and excluded patients meeting the criteria for ACLF.

An interesting finding is that the CLIF-C AD
score was able to substratify patients according to
3-month mortality in the supposed low-risk group of
patients with a MELD score <12. As 3-month mor-
tality increased from 5.1% to 13.7% to 25.2% between
patients with a MELD score <2 and CLIF-C AD

658

HEPATOLOGY COMMUNICATIONS, April 2021

score <45, with a MELD score <12 and CLIF-C AD
score >45, and with a MELD score >12 (P < 0.001),
one may propose a classification of patients with
TIPS into a low-risk, intermediate-risk, and high-risk
groups according to these criteria.

Our study has some limitations that need to be dis-
cussed. We performed a multicenter analysis including
880 patients. As prior studies evaluating prognostic
scores in patients with TIPS implantation investi-
gated smaller patient numbers, a quantum of 880
patients appears reasonably high to achieve depend-
able results. 8222633 Notably, the cohort in which
the CLIF-C AD score was developed accounted for
1,016 patients (plus 225 patients for validation).”)
Still, including a larger number of patients and more
than two centers in the analysis may contribute to
obtaining even more valid results. Another limitation
that should also be mentioned is that we did not per-
form survival analyses in patients with similar stages
of cirrhosis without TIPS implantation in compari-
son. Another aspect that needs to be addressed is
that, in order to include a sufficiently high number
of patients, data were obtained over a comparatively
long observation period of almost 12 years. Along
with this goes a certain heterogeneity regarding tech-
nical aspects of TIPS implantation. This is apparent
in the use of noncovered versus covered stents, which
were both implemented in our analysis. An issue to
be discussed is the absolute prognostic value of the
CLIF-C AD score. Realizing that a c-index of 1.0
would be a perfect result while a c-index of 0.50 rep-
resents coin-flip probability, it is important to keep in
mind that the CLIF-C AD score’s c-index of 0.635
(0.609-0.661) for TES in our analysis equates to a rel-
evant number of incorrect predictions when applying
the score to assess patients’ prognoses. Notably, in the
cohort of patients outside the TIPS setting, in which
the CLIF-C AD score was originally developed, the
c-index accounted for 0.67 regarding prediction of
12-month mortality.”’ This indicates that prediction
of survival in patients with decompensated liver cir-
rhosis is a challenging task in general.

The present study demonstrates that the CLIF-C
AD score is suitable for the prognostic assessment of
patients with cirrhotic portal hypertension allocated
for TIPS implantation. In comparison with the
MELD score, Child-Pugh score and ALBI score,
the CLIF-C AD score offers the best prediction
of long-term TFS following TIPS implantation.
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However, it performs only marginally better in
comparison to the modified MELD-Na score. In
the prediction of short-term TFS, the CLIF-C AD
score is superior to the Child-Pugh score, but offers
no significant advantage over MELD score and

ALBI score.
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