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Abstract: (1) Background: Transjugular intrahepatic portosystemic shunt (TIPS) is a standard therapy
for portal hypertension. We aimed to explore the association of established baseline scores with TIPS
outcomes. (2) Methods: In total, 136 liver cirrhosis patients underwent TIPS insertion, mainly to treat
refractory ascites (86%), between January 2016 and December 2019. An external validation cohort of
187 patients was chosen. (3) Results: The majority of the patients were male (62%); the median follow-
up was 715 days. The baseline Child—Turcotte-Pugh stage was A in 14%, B in 75% and C in 11%.
The patients’ liver-transplant-free (LTF) survival rates after 3, 12 and 24 months were 87%, 72% and
61%, respectively. In the univariate analysis, neither bilirubin, nor the international normalized ratio
(INR), nor liver enzymes were associated with survival. However, both the APRI (AST-to-platelet
ratio index) and the FIB-4 (fibrosis-4 score) were associated with LTF survival. For patients with
FIB-4 > 3.25, the hazard ratio for mortality after 2 years was 3.952 (p < 0.0001). Liver-related clinical
events were monitored for 24 months. High FIB-4 scores were predictive of liver-related events
(HR = 2.404, p = 0.001). Similarly, in our validation cohort, LTF survival was correlated with the
APRI and FIB-4 scores. (4) Conclusions: Well-established scores that reflect portal hypertension and
biochemical disease activity predict long-term outcomes after TIPS and support clinical decisions
over TIPS insertion.

Keywords: transjugular intrahepatic portosystemic shunt; short- and long-term liver-transplantation-
free survival; liver-related event; APRI and FIB-4

1. Introduction

Liver cirrhosis is a leading cause of mortality in Western countries [1]. Transjugular
intrahepatic portosystemic shunt insertion (TIPS) was first performed in 1988 [2] and has
become an established method to reduce portal-hypertension-related complications: studies
report an improved control of ascites compared to therapeutic paracentesis in refractory
ascites [3], as well as lower rebleeding rates compared to solely endoscopic treatment in
variceal bleeding [4]. A better outcome in transplant-free survival has been reported [5]
since improvements in the technology of TIPS implantation and the use of covered stents [6].
Additionally, patients on the waiting list for transplantation have lower mortality after
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TIPS intervention [7]. Most studies have investigated solely short-time survival and few
reports are available on long-term follow-up in homogenous patient cohorts.

Since TIPS complications include hepatic encephalopathy, liver function deterioration
and cardiac decompensation, proper patient selection and handling is crucial for the
achievement of better survival results [8,9]. Several publications discuss prognostic scores
for survival prediction according to patient cohort and TIPS indication [10,11]. At present,
the model of end-stage liver disease (MELD) score is still the main parameter to predict
mortality in patients undergoing TIPS [12,13]. However, MELD does not mirror precisely
the grade of portal hypertension and cirrhosis disease severity.

The APRI (AST-to-platelet ratio index) and FIB-4 (fibrosis-4 score) are noninvasive
scores that can be used to assess liver fibrosis in patients with chronic liver disease and have
been studied extensively in patients with chronic viral hepatitis [14,15] and NASH [16].
The use of APRI and FIB-4 as predictive markers in patients awaiting TIPS has not yet
been studied. We investigated the prognostic value of FIB-4 and APRI for the incidence of
mortality and liver-related events in a homogenous single-center cohort with liver cirrhosis
patients who received TIPS.

2. Materials and Methods

All patients with liver cirrhosis without prior liver transplantation, who received
TIPS using only covered stents between January 2016 and December 2019, were included.
For external validation, a cohort of 187 TIPS patients was used, comprising patients from
Hannover Medical School (Hannover, Germany) who received TIPS between January 2009
and December 2019.

Liver cirrhosis was diagnosed based on medical history. All patient information was
anonymized according to standards; data were obtained at the point of routine care and
were available in the medical records. Demographic characteristics, liver disease etiology,
comorbidities and relevant treatment, as well as biochemical and clinical parameters and
data from ultrasound and endoscopy studies were analyzed. Patients gave their written
informed consent and the study was approved by the local ethics committee (number
Nu20-9192-BO) and followed the principles outlined in the Declaration of Helsinki.

Baseline patient characteristics at the time of TIPS implantation were recorded. Liver
disease severity was performed using the well-established Child-Turcotte-Pugh (CTP)
score, which is based on laboratory tests reflecting liver function (albumin, INR, bilirubin),
portal hypertension (ascites) and detoxification (clinical evidence of encephalopathy) [17],
as well as model of end-stage liver disease (MELD) score [12,18]. Comorbidity was evalu-
ated by calculating the Charlson-Deyo comorbidity index (CCI) at the time of presentation
for TIPS evaluation. The patient cohort was evaluated according to age, with patients
divided according to whether they were younger or older than 65 years old. Indication for
TIPS insertion was refractory ascites, recurrent variceal hemorrhage, or a combination of
both. The TIPS implantation urgency was divided into elective or emergent.

TIPS placement was performed according to standard clinical practice by two expe-
rienced interventional radiologists (JT, AW) in one tertiary center, guided by fluoroscopy
and ultrasound with the help of a gastroenterology fellow. Covered stent grafts (TIPS
Endoprosthesis, Viatorr, GORE, Arizona, AZ, USA) were used in all patients. Portal and
hepatic venous pressure were measured invasively using a pressure transducer system
and multichannel monitoring. Stent graft was dilatated after a consensus according to
measured portosystemic pressure gradient (PSG) before and after TIPS placement. In case
of esophageal varices observed on post-TIPS portography, the varices were embolized
using Histoacryl and 0.035-inch metal coils (Cook medical, Bloomington, IN, USA). The
arterial pressure and the heart rate were monitored noninvasively. The patients were
under light or no sedation, except for the emergency TIPS, where unstable patients had
assisted ventilation.

Subsequent outpatient care, including a noninvasive ultrasound control as well as
laboratory results, was performed on a regular basis according to hospital standards.



Biomedicines 2022, 10, 1018 30f13

TIPS malfunction was supposed in the absence of a doppler ultrasound flow, abnormal
velocity (<50 cm/s or >200 cm/s), or a significant change in velocity with respect to
previous ultrasound examination. In such cases, an invasive hemodynamic study and
digital subtraction portography were performed.

Primary endpoint of this study was liver-transplant-free (LTF) survival, as defined
from the date of TIPS implantation to either death, loss of follow-up, or date of trans-
plantation. Secondary endpoint was a liver-related event, defined as hepatic decompensa-
tion due to persistence of clinically significant portal hypertension despite TIPS implan-
tation, with resulting paracentesis and/or esophageal variceal bleeding, TIPS revision,
hepatic encephalopathy grade > 3, or development of hepatocellular carcinoma during
follow-up period.

All statistical analyses were performed using SPSS (IBM SPSS Statistics, Versions 27)
and GraphPad Prism 9. Continuous variables are presented as median with interquar-
tile range (IQR) and were compared using the Mann-Whitney-U Test for unpaired data.
Categorical variables are shown as numbers with percentages and were compared using
a chi-squared test or Fisher’s exact test, as appropriate. Survival was analyzed using
the logrank test. In order to adjust for potential confounders, multivariate Cox-logistic
regression analysis was conducted, including all clinically significant factors tested in the
univariate model. In all analyses, p < 0.05 was considered as statistically significant.

3. Results
3.1. Baseline Cohort Characteristics

In total, 84 male (62%) and 52 (38%) female patients with a median age of 57 years
were included. The baseline characteristics of the study population are shown in Table 1.
The etiology of the liver cirrhosis was alcohol-related in the majority of cases (75%). The
baseline CTP stage was A in 14%, B in 75% and C in 11%. A MELD score over 15 points was
measured in 32% of the patients. The mean CLIF-C-AD score was 47 (SEM 0.7) and the mean
Charlson-Deyo comorbidity index (CCI) was 5 points (21% estimated 10-year survival).

Table 1. Demographic and clinical characteristics by indication for TIPS at baseline.

All Patients Refractory Ascites Variceal Bleeding p-Value
Patients, n (%) 136 (100) 117 (86) 19 (14)

Age,y 57 (49-64) 57 (50-64) 54 (37-63) 0.244
Male/female, n (%) 84/52 (62/38) 74/43 (63/37) 10/9 (53/47) 0.377
Etiology of cirrhosis

AlCOhO&{X;ﬁlfsgltgﬁmum/ 102/5/9/12/8 93/3/6/9/6 9/2/3/3/2 0.025
Child-Pugh A/B/C, n 19/102/15 6/97/14 13/5/1 0.001
MELD 12 (10-15) 13 (10-16) 11 (8-12) 0.049
CLIF-C-AD Score 47 (42-53) 48 (43-53) 43 (38-48) 0.007

CCI 5 (4-7) 5 (4-7) 4 (3-7) 0.414

BMI, kg /m? 25 (22-29) 25 (22-29) 26 (22-33) 0.355

Esophageal varices

No varices/Grad I-1I / ITI-IV 38/76/22 38/62/17 0/14/5 0.012
GI bleeding, n (%) 52 (38) 33 (28) 19 (100) <0.0001

HRS yes/no, n (%) 71/65 (52/48) 66/51 (56/44) 5/14 (26/74) 0.015
Previous SPB yes/no, n (%) 44/92 (32/68) 41/76 (35/65) 3/16 (16/84) 0.096
HE, n (%) 29 (21) 23 (20) 6 (32) 0.239
Elective/urgent, n 134/2 117/0 17/2 0.001
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Table 1. Cont.

All Patients Refractory Ascites Variceal Bleeding p-Value
TIPS procedural characteristics

Pre-TIPS PSG, mmHg 22 (18-25) 22 (18-25) 22 (18-25) 0.934
Post-TIPS PSG, mmHg 9 (7-10) 8 (7-10) 9 (7-11) 0.290
Reduction PSG, mmHg 13 (9-17) 13 (9-17) 13 (8-17) 0.719
Stent diameter, mm 8 (6-8) 8 (6-8) 8 (6-8) 0.999

Coil embolization, n (%) 19 (14) 10 (9) 9 (47) <0.0001

Laboratory characteristics

Leukocytes, /nL 5.9 (4.1-7.8) 6.1 (4.8-8.5) 3.9 (3.3-5.8) 0.008
Hemoglobin, g/dL 10 (8.6-12) 10 (8.8-12) 9(8.3-11) 0.336
Platelets, /nL 130 (91-188) 141 (97-219) 90 (62-114) 0.001
INR 1.2 (1.1-1.3) 1.2 (1.1-1.3) 1.2 (1.1-1.3) 0.565
Fibrinogen, mg/dL 277 (201-377) 279 (199-389) 295 (222-311) 0.635
Sodium, mmol/L 137 (134-139) 137 (134-139) 138 (136-141) 0.074
Creatinine, mg/dL 1.2 (1.0-1.6) 1.2 (1.0-1.7) 1.0 (0.9-1.1) 0.002
Bilirubin, mg/dL 1.2(0.7-1.7) 1.2(0.7-1.7) 1.3 (0.8-1.7) 0.789
AST,U/L 36 (29-47) 35 (28-42) 46 (34-59) 0.004
ALT,U/L 20 (14-28) 19 (14-25) 30 (18-53) 0.001
Protein, g/dL 6.4 (5.5-7.1) 6.2 (5.5-6.9) 7.1 (6.1-8.0) 0.005
Albumin, g/dL 3.2 (2.8-3.6) 3.1(2.8-3.5) 3.6 (2.9-4.0) 0.028
CRP, mg/dL 1.6 (0.6-3.1) 1.6 (0.7-3.4) 0.6 (0.5-1.8) 0.029

Abbreviations: NASH: non-alcoholic steatohepatitis; MELD: model of end-stage liver disease; CLIF-C AD: chronic
liver failure-acute decompensation; CCI: Charlson-Deyo comorbidity index; BMI: body-mass index; GI: gas-
trointestinal; HRS: hepatorenal syndrome; SPB: spontaneous bacterial peritonitis; HE: hepatic encephalopathy,
TIPS: transjugular portosystemic shunt insertion; PSG: portosystemic pressure gradient; INR: international nor-
malized ratio; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CRP: C-reactive protein. The
medians with IQR or numbers with percentages are shown.

The indication for TIPS insertion was predominantly refractory ascites (86%), while
32% of patients had experienced spontaneous bacterial peritonitis previously and 52%
had hepatorenal syndrome in their medical history. In most of the cases in which it was
indicated, recurrent gastrointestinal variceal bleeding coiling was additionally performed
during the intervention. The patients with esophageal variceal bleeding had lower MELD
and CLIF-C-AD scores and better liver synthesis function (measured by protein and albu-
min), but lower platelet count (90/nL vs. 141/nL, p = 0.001).

Patients with hepatic encephalopathy (HE) higher than grade II were excluded and in
most cases, no HE was reported (79%).

The TIPS insertion was performed mainly as an elective procedure (134/136 cases). The
median PSG before TIPS insertion was 22 mmHg (IQR = 18-25) and after TIPS implantation
it was 9 mmHg (IQR = 7-10, no significant difference between both groups). In the majority
of cases (68%), the so-called 8 + 2-centimeter covered stent graft with a medium dilation to
8 mm was used. A median PSG reduction of 13 mmHg (IQR = 9-17) was achieved.

Our validation cohort had similar baseline characteristics (Supplementary Table S1).
In total, 62% of the patients were male and the median age was 59 years. The main
etiology of the liver cirrhosis was alcohol-related (112/187, 60%). The baseline CTP stage
was A in 3%, B in 87% and C in 10%. The median MELD score was 13 points. The
indication for TIPS insertion was therapy refractory ascites. The median baseline PSG
was 15 mmHg (IQR = 12-18) and a reduction to a median of 5 mmHg (IQR = 4-7) was
achieved post-intervention.
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3.2. Cohort Follow-Up and Survival

The patients were followed up on a regular basis for a median of 715 days (IQR = 176-1023).
The median hospital stay after TIPS implantation was 7 days (IQR = 5-13), irrespective of
the TIPS indication. In-hospital mortality occurred in 10 cases; no technical complications
were reported. Nine patients were lost to follow-up; seven patients underwent liver
transplantation after TIPS intervention (Figure 1A). The patient liver-transplant-free (LTF)
survival rates after 1, 3, 6, 12 and 24 months were 92%, 87%, 79%, 72% and 61%, respectively
(Figure 1B). The cause of death was cirrhosis-related in 9 out of 47 cases, it was non-hepatic

in 21 and no data were available in 17 patients.

(A) Patient cohort after TIPS Insertion

survival month 3

= 4 lost-to follow-up
3 1 liver transplantation
3 115 survival

Em 16 non-survival

survival month 24

=3 9 lost-to follow-up
3 7 liver transplantation
3 73 survival

Em 47 non-survival

(B) 24-month survival after TIPS insertion

overall survival (%)
(=2
o
1

100
80_\\\\__‘

200

400
Time (days)

600

Figure 1. (A). Patient cohort 3 months and 24 months after TIPS insertion. (B). LTF survival of
patients 2 years after TIPS insertion.

3.3. Short-Term and Long-Term Survival Predictive Factors

Table 2 describes the differences in the hemodynamic and biochemical parameters
between the LTF survival and non-survival groups after 3- and 24-month of follow-up.
Overall, a greater PSG decrease after TIPS insertion was associated with LTF survival.

Table 2. A. Demographic and clinical characteristics at baseline by short-term LTF survival (3 months)
and long-term LTF survival (24 months) after TIPS in 131 patients.

All Patients LTF LTF Non- Val All Patients LTF LTF Non- Val
Month 3 Survival Survival p-value Month 24 Survival Survival p-value
Patients, n (%) 131 (100) 115 (88) 16 (12) 120 (100) 73 (61) 47 (39)
Age,y 58 (50-64) 58 (50-64) 58 (50-63) 0.712 58 (50-65) 57 (47-64) 60 (53-66) 0.046
o 80/51 69/46 72/48 42/31 31/16
Male/female, n (%) (61/39) (60/40) 11/5 (69/31) 0.592 (60/40) (58/42) (66/34) 0.444
MELD 12 (10-15) 12 (10-15) 16 (12-23) <0.001 12 (10-15) 12 (9-15) 14 (11-17) 0.004
o 68/63 56/59 34/39 30/17
HRS yes/no, n (%) (52/48)) (49/51) 12/4 (75/25) 0.048 47/53) (64/36) 0.064
Preggligsc, 22 (18-25) 22 (19-26) 18 (14-22) 0.004 22 (18-25) 22 (19-26) 20 (16-23) 0.005
Post-TIPS PSG,
mmig 9 (7-10) 9 (7-10) 7 (6-10) 0.109 8 (7-10) 9 (7-11) 8 (6-10) 0.159
Reduction PSG, 13 (9-17) 14 (10-17) 11 (7-13) 0.044 13 (10-17) 14 (11-17) 13 (8-16) 0.042
mmHg
Laboratory characteristics
Leukocytes, /nL 5.9 (4.0-7.8) 5.8 (3.9-7.8) 6.6 (4.5-8.9) 0.273 5.8 (4.3-8.0) 6.1 (3.9-8.9) 5.6 (4.4-7.4) 0.258
Hemoglobin, g/dL 10 (8.8-12) 10 (8.8-12) 10 (8.3-11) 0.174 10 (8.6-12.0)  10(9.0-12.0) 9.7 (8.0-12.0) 0.123
Platelets, /nL 130 (91-189) 138 (95-206) 106 (62-150) 0.134 130 (91-186) 144 (98-234) 107 (74-154) 0.001
INR 1.2 (1.1-1.3) 1.2 (1.1-1.3) 1.2 (1.2-1.4) 0.052 1.2 (1.1-1.3) 1.2 (1.1-1.3) 1.2 (1.1-1.3) 0.298
Fibrinogen, mg/dL 279 (201-377) 284 (204-389) 234 (126-312)  0.052 277 (201-377) 298 (216-384) 250 (186-344)  0.229
Sodium, mmol/L 137 (134-139) 137 (134-139) 137 (131-138) 0.235 137 (134-139) 137 (135-139) 137 (134-139) 0.629
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Table 2. Cont.

All Patients

LTF

LTF Non-

All Patients

LTF

LTF Non-

Month 3 Survival Survival p-Value Month 24 Survival Survival p-Value
Creatinine, mg/dL 1.1 (1.0-1.6) 1.1 (1.0-1.5) 1.3 (1.1-2.2) 0.008 1.2 (1.0-1.6) 1.1 (1.0-1.4) 1.3 (1.0-2.0) 0.009
Bilirubin, mg/dL 1.2 (0.7-1.7) 1.2 (0.7-1.7) 1.4 (0.6-2.5) 0.201 1.2 (0.7-1.7) 1.1 (0.7-1.6) 1.2 (0.7-1.8) 0.723
AST,U/L 35 (29-47) 35 (29-47) 36 (3148) 0.037 35 (29-47) 34 (27-41) 37 (30-51) 0.051
ALT, U/L 20 (15-28) 20 (15-28) 16 (13-35) 0.051 20 (14-28) 20 (15-26) 19 (14-33) 0.183
Protein, g/dL 6.4 (5.5-7.1) 6.5 (5.7-7.1) 6.0 (5.0-6.4) 0.009 6.3 (5.5-7.0) 6.5 (5.8-7.1) 5.9 (5.3-6.6) 0.002
Albumin, g/dL 3.2 (2.8-3.6) 3.2 (2.8-3.6) 3.1(2.6-3.5) 0.291 3.2 (2.8-3.6) 3.2 (2.8-3.6) 3.1(2.9-3.5) 0.535
CRP, mg/dL 1.3 (0.6-2.9) 1.3 (0.6-2.8) 2.1 (0.9-6.6) 0.0002 1.4 (0.6-2.8) 1.3 (0.7-2.7) 1.6 (0.6-3.3) 0.067
APRI 0.8 (0.5-1.4) 0.7 (0.5-1.4) 1.0 (0.6-2.4) 0.034 0.8 (0.5-1.4) 0.7 (0.5-1.1) 1.0 (0.6-1.7) 0.008

FIB-4 3.3(2.2-5.5) 3.2(2.1-4.9) 47 (3.0-8.2) 0.011 3.3(2.3-5.5) 2.9 (2.0-4.0) 4.7 (3.3-6.5) <0.0001

Abbreviations: MELD: model of end-stage liver disease; LTF: liver-transplant-free survival; TIPS: transjugular
portosystemic shunt insertion; PSG: portosystemic pressure gradient; INR: international normalized ratio; AST: as-
partate aminotransferase; ALT: alanine aminotransferase; CRP: C-reactive protein; APRI: AST-to-platelet ratio
index; FIB-4: fibrosis-4 score. The medians with IQR or numbers with percentages are shown.

The patients with decreased kidney function, especially those with HRS in their history,
showed an increased risk of short- and long-term mortality (Figure 2A, 3-month survival,
logrank HR = 2.884, 95% CI = 1.082-7.687, p = 0.054; 24-month survival, logrank HR = 2.001,
CI =1.129-3.549, p = 0.019).

Sixteen patients died within 3 months of TIPS insertion. A high baseline CRP level
(increased CRP level three times the upper limit of normal) was the only discriminative
factor significantly associated with negative short-term outcomes (Figure 2B, 3-month
survival, logrank HR = 2.765, 95% CI 1.031-7.4316, p = 0.048).

By contrast, the long-term mortality after TIPS insertion was not associated with
CRP but with decreased platelet count (lower than 100/nl at the timepoint of insertion,
Figure 2C, 24-month survival, logrank HR = 1.987, 95% CI 1.069-3.693, p = 0.016). Neither
bilirubin nor INR or liver enzymes as markers of liver functionality were associated with
short- or long-term survival.

However, a combination of markers reflecting portal hypertension and biochemical
disease (APRI and FIB-4) was associated with long-term LTF survival. The mortality was
significantly higher in patients with APRI > 1 (Figure 2D, 24-month mortality, logrank
HR =2.638, CI 1.463-4.755, p = 0.0007). Even more pronounced, mortality was significantly
higher in patients with FIB-4 > 3.25 (Figure 2E, 24-month mortality, logrank HR = 3.952,
CI2.225-7.018, p < 0.0001).

In order to validate our hypothesis, we examined whether the APRI and FIB-4 were
predictive of LTF survival in our external cohort. This confirmed the trend of higher mor-
tality rates in the patients with baseline APRI > 1 (Supplementary Figure S1A, 24-month
mortality, logrank HR = 1.779, 95% CI 1.038-3.050, p = 0.044), as well as the patients with
FIB-4 > 3.25 (Supplementary Figure S1B, 24-month mortality, logrank HR = 1.267, 95% CI
0.701-2.291, p = 0.457).

A MELD score of higher than 13 points has been reported to be associated with a
higher risk of complications after invasive interventions and lower survival rates [19]. In
our cohort, a MELD score of higher than 13 was also predictive of long-term mortality, but
not for short-term mortality (Figure 2F, 3-month mortality, logrank HR = 2.656, 95% CI
0.993-7.108, p = 0.059; 24-month mortality, logrank HR = 2.051, CI 1.149-3.661, p = 0.013).

We adjusted the cohorts for the parameters, which were significant in the univariate
analyses and performed multivariate regression analyses. As reported in previous studies,
in addition to the MELD score, increased CRP values correlated with increased mortality
risk shortly after TIPS insertion (Table 3). However, FIB-4 but not APRI and MELD score,
remained an independent factor in long-term mortality (Table 3, logrank HR = 1.389,
p =0.001).
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Figure 2. 90 days (a) and 730 days (b) LTF survival of TIPS patients dependent on (A) HRS in the
history (HRS vs. no HRS), (B) CRP levels (<1.5 mg/dL vs. >1.5 mg/dL), (C) platelet count (>100/nL
vs. <100/nL), (D) APRI (<1 vs. >1), (E) FIB-4 (<3.25 vs. >3.25) and (F) MELD score (<13 vs. >13).

The p-values were obtained using the logrank test.
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Table 3. Multivariate Cox regression analyzing risk factors for short- and long-term mortality after
TIPS insertion. All statistically significant parameters tested in the univariate analysis were included
in the multivariate model.

Risk Factor for Mortality ~Multivariate Analysis 3 Months  Multivariate Analysis 24 Months

HR SE p HR SE p
MELD 1.228 0.089 0.022 1.094 0.059 0.129
Pre-TIPS PSG 0.839 0.074 0.19 0.889 0.045 0.009
Protein 0.673 0.388 0.307 0.623 0.247 0.060
CRP 1.240 0.100 0.031
FIB-4 1.225 0.188 0.282 1.389 0.096 0.001

Abbreviations: MELD: model of end-stage liver disease; TIPS: transjugular intrahepatic portosystemic shunt;
PSG: portosystemic pressure gradient; CRP: C-reactive protein; FIB-4: fibrosis-4 score; HR: hazard ratio; SE:
standard error.

3.4. Liver-Related Event Incidence during Follow-Up

Additionally, we analyzed the incidence of liver-related events during the follow-up
period. The patients who suffered from liver-related complications after TIPS insertion had
higher baseline MELD scores and more frequent episodes of SPB before TIPS. The baseline
biochemical parameters were not significantly different between the two groups, while
the serum protein levels were lower in the group of patients who experienced an event
(Table 4).

Table 4. Demographic and clinical characteristics at baseline in the groups without and with liver-
related events 24 months after TIPS insertion.

No Event Event p-Value
Patients, n (%) 77 (57) 59 (43)

Age,y 54 (47-63) 60 (53-66) 0.001
Male/female, n (%) 45/32 (58/42) 39/20 (66/34) 0.002
Etiology of cirrhosis

Alcohol/viral/autoimmune/NASH/other, n 60/3/3/6/5 41/2/8/6/2 0.283

Child-Pugh A/B/C, n 14/56/7 5/46/8 0.225

MELD 12 (10-14) 13 (10-16) 0.009

CLIF C AD Score 47 (42-53) 48 (42-52) 0.772

CCI (points) 4 (3-6) 6 (5-8) 0.001

BMI, kg/m? 24 (22-29) 25 (22-30) 0.253
Esophageal varices

No varices/Grade I-1I/III-IV 27/36/14 11/40/8 0.045

GI bleeding, n (%) 27 (35) 25 (42) 0.385

HRS yes/no, n (%) 33/44 (43/57) 38/21(78/22) 0.013

Previous SPB yes/no, n (%) 20/57 (26/74) 38/21 (64/36) 0.069

Elective /urgent, n 77/0 57/2 0.104

TIPS procedural characteristics

Pre-TIPS PSG, mmHg 22 (19-26) 21 (17-23) 0.004

Post-TIPS PSG, mmHg 9 (7-11) 8 (6-10) 0.061

Reduction PSG, mmHg 14 (10-17) 13 (9-16) 0.055

Stent diameter, mm 8 (6-8) 7 (6-8) 0.065
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Table 4. Cont.

No Event Event p-Value

Coil embolization, n (%) 14 (18) 5(9) 0.106
Laboratory characteristics

Leukocytes, /nL 6.0 (4.1-8.8) 5.7 (4.0-7.5) 0.329
Hemoglobin, g/dL 10 (8.9-12) 10 (8.3-12.0) 0.119
Platelets, /nL 150 (104-227) 111 (85-164) 0.009
INR 1.2 (1.1-1.3) 1.2 (1.1-1.3) 0.828
Fibrinogen, mg/dL 289 (203-391) 262 (190-344) 0.275
Sodium, mmol/L 137 (134-140) 137 (134-139) 0.411
Creatinine, mg/dL 1.1 (1.0-1.4) 1.3 (1.1-1.8) 0.004
Bilirubin, mg/dL 1.2 (0.8-1.7) 1.2 (0.7-1.6) 0.372
AST, U/L 36 (30-42) 35 (27-50) 0.319
ALT, U/L 20 (15-27) 18 (14-29) 0.493
Protein, g/dL 6.6 (5.9-7.3) 6.0 (5.3-6.6) 0.0001
Albumin, g/dL 3.2 (2.8-3.6) 3.1(2.7-3.5) 0.378
CRP, mg/dL 1.4 (0.7-3.0) 1.4 (0.6-3.0) 0.225
APRI 0.7 (0.5-1.1) 1.0 (0.5-1.6) 0.292
FIB-4 2.9 (2.0-3.9) 4.4 (3.0-6.3) 0.0005

Abbreviations: NASH: non-alcoholic steatohepatitis; MELD: model of end-stage liver disease; CLIF-C AD: chronic
liver failure-acute decompensation; CCI: Charlson-Deyo comorbidity index; BMI: body-mass index; GI: gas-
trointestinal; HRS: hepatorenal syndrome; SPB: spontaneous bacterial peritonitis; HE: hepatic encephalopathy,
TIPS: transjugular portosystemic shunt insertion; PSG: portosystemic pressure gradient; INR: international nor-
malized ratio; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CRP: C-reactive protein; APRI:
AST-to-platelet ratio index; FIB-4: fibrosis-4 score. The medians with IQR or numbers with percentages are shown.

Similarly, the patients with a FIB-4 > 3.25 experienced significantly more liver-related
events 24 months after TIPS insertion (Figure 3E, logrank HR = 2.404, 95% CI 1.434-4.028,
p = 0.001). The presence of HRS in the history was also a risk factor for events (Figure 3A,
logrank HR = 2.121, 95% CI 1.265-3.557, p = 0.005). A baseline MELD score greater 13 points
was a discriminative factor for event incidence (Figure 3F, logrank HR = 1.755, 95% CI
1.031-2.988, p = 0.037).

After the adjustment in the multivariate analysis, the baseline FIB-4 was still associated
with an increased risk of experiencing a liver-related event during the follow-up period
(Supplementary Table S2).
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Figure 3. Cumulative event incidence for 730 days after TIPS insertion dependent on (A) HRS in the
history (HRS vs. no HRS), (B) CRP levels (<1.5 mg/dL vs. >1.5 mg/dL), (C) platelet count (>100/nL
vs. <100/nL), (D) APRI (<1 vs. >1), (E) FIB-4 (<3.25 vs. >3.25) and (F) MELD score (<13 vs. >13).
The p-values were obtained using the logrank test.

4. Discussion

This retrospective observational study followed a homogenous and well-characterized
cohort of 136 patients with liver cirrhosis, who received TIPS by experienced interventional
radiologists, as well as a validation cohort of 187 patients. We suggest that the simple and
well-established scores, FIB-4 and APRI, could be useful to identify patients with a higher
risk of experiencing liver-related complications and mortality after TIPS insertion.

Liver-related complications in patients with cirrhosis are associated with high mortality.
TIPS insertion reduces portal hypertension and has been shown to improve survival,
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both in patients receiving TIPS due to variceal bleeding [20] and in those with refractory
ascites [5,21]. However, careful pre-selection and the experience of the center are important,
since major complications may occur after TIPS insertion, including hepatic encephalopathy,
liver function deterioration and/or death [8]. TIPS insertion is not recommended for
patients with advanced liver cirrhosis disease, as defined by bilirubin levels > 3 mg/dL,
lower platelet count and/or hepatic encephalopathy higher than grade 2 [22].

Several previous studies identified the MELD score and the cause of liver cirrhosis
as predictive factors for outcomes after TIPS insertion [12,23-25]. In recent years, the
use of smaller-caliber stents has led to reduced episodes of hepatic encephalopathy [26]
and liver decompensation [27,28]. However, simple prognostic factors predicting short-
term as well as long-term mortality after TIPS insertion to guide patient selection are not
well established. Here we hypothesized that well-established scores the reflect portal
hypertension and biochemical liver disease activity, such as FIB-4 and APRI, could have
prognostic value for survival and event incidence after TIPS insertion.

FIB-4 and APRI were validated as non-invasive tools for liver fibrosis assessment in
a variety of chronic liver diseases, including viral hepatitis, NASH and alcoholic cirrho-
sis [29-32]. Both scores consider platelet levels as markers of portal hypertension and AST
and/or ALT levels as indicators of inflammatory disease activity.

In most TIPS cases, short-term mortality results from acute liver function deterioration
and hemodynamic decompensation as fragile liver cirrhosis patients lack compensating
mechanisms. Our study supports the hypothesis that systemic inflammation is a major
risk factor for fatal outcomes in decompensated liver cirrhosis. Elevated C-reactive protein
levels over a threshold of 1.5 mg/dL were highly predictive of short-term mortality in a time
window of 30-90 days post-intervention, even in the absence of infection or a requirement
for antibiotic therapy. Our findings support already published data, which explore the
correlation between C-reactive protein, portal hypertension and mortality [33-35].

By contrast, the long-term outcomes after TIPS were mainly dependent on portal
hypertension markers and liver inflammation, reflected as a combination of markers in the
FIB-4 and APRI scores. In a multivariate model, these scores even outperformed MELD
as a predictive score for long-term LTF survival. The same tendency was verifiable in our
external validation cohort, albeit with some minor differences in the clinical characteris-
tics. The mortality rate among the patients who survived more than 12-24 months was
mainly attributed to liver disease deterioration and thus should not be regarded as a direct
TIPS complication.

One of the strengths of our study is the relatively large and homogenous cohort,
the involvement of the same interventional radiologist and the standard pre- and post-
interventional follow-up visits. However, our study also features some limitations. The
cohort was a group of selected patients, whose interventions were mainly elective. Thus,
the ability of the mentioned scores to predict the long-term outcomes should be evaluated
in the setting of emergency TIPS insertion. It is well known that in the case of bleeding and
hemodynamic instability, liver enzymes and platelet count can deteriorate quickly and, thus,
the value of FIB-4 should be further evaluated in a cohort, which involves more variceal
bleeding cases. It should be further noted that our cohort included mainly patients with
alcohol-induced liver disease. Here, ongoing alcohol consumption may have contributed
to liver deterioration and decompensation events in some patients. Moreover, additional
systemic inflammation markers could be helpful to predict short-term survival and have
stronger statistical power, since the typical inflammatory markers of liver cirrhosis do not
always reflect the actual immune response status. Finally, the findings of this pilot study
require validation in independent and larger multicenter cohorts. This task is ongoing.

5. Conclusions

In conclusion, we suggest that the simple and well-established scores, FIB-4 and APRI,
could be useful to identify patients with a higher risk of experiencing liver-related compli-
cations and mortality after TIPS insertion. Furthermore, this study confirms that short-term
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outcomes after TIPS in patients with significant inflammation are impaired. Thus, TIPS
insertion should be considered cautiously in patients with increased inflammatory markers,
high biochemical disease activity and severe thrombocytopenia.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /biomedicines10051018 /s1.

Author Contributions: Conceptualization, A.A.M., HW. and S.A K.; methodology, A.A.M. and
S.AK,; software, A.AM. and S.A K; validation, A.A.M. and S.A K., H.S. and B.M.; formal analysis,
A.AM. and S.A K, HS. and B.M.; investigation, A.A.M. and S.A K..; resources, A.AM.,, S.AK,].T,
AW, M.B, J.R-A.,, KW. and C.L.; data curation, A.A.M., S.AK., ].T., M.B,, J.R.-A.,, KW. and C.L.;
writing—original draft preparation, A.A.M., HW. and S.A K,; writing—review and editing, A.A.M.
and H.W.; visualization, A.A.M. and S.A K.; supervision, A.A.M. and H.W.; project administration,
A.AM. and HW,; funding acquisition, none. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of University Hospital Essen (protocol code 20-
9192-BO, 08-04-2020).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
the study.

Data Availability Statement: Not applicable.

Acknowledgments: We thank all the patients in the study, as well as all the collaborators, for their
support and productive cooperation.

Conflicts of Interest: The authors declare no conflict of interest.

References

10.

11.

Trebicka, ]. Predisposing Factors in Acute-on-Chronic Liver Failure. Semin. Liver Dis. 2016, 36, 167-173. [CrossRef] [PubMed]
Rossle, M.; Siegerstetter, V.; Euringer, W.; Olschewski, M.; Kromeier, J.; Kurz, K.; Langer, M. The use of a polytetrafluoroethylene-
covered stent graft for transjugular intrahepatic portosystemic shunt (TIPS): Long-term follow-up of 100 patients. Acta Radiol.
2006, 47, 660—-666. [CrossRef] [PubMed]

Albillos, A.; Banares, R.; Gonzalez, M.; Catalina, M.V.; Molinero, L.M. A meta-analysis of transjugular intrahepatic portosystemic
shunt versus paracentesis for refractory ascites. J. Hepatol. 2005, 43, 990-996. [CrossRef] [PubMed]

Tripathi, D.; Stanley, A.].; Hayes, P.C.; Travis, S.; Armstrong, M.J.; A Tsochatzis, E.; A Rowe, L.; Roslund, N.; Ireland, H.;
Lomax, M.; et al. Transjugular intrahepatic portosystemic stent-shunt in the management of portal hypertension. Gut 2020, 69,
1173-1192. [CrossRef] [PubMed]

Bureau, C.; Thabut, D.; Oberti, F.; Dharancy, S.; Carbonell, N.; Bouvier, A.; Mathurin, P,; Otal, P.; Cabarrou, P.; Péron, ].M.; et al.
Transjugular Intrahepatic Portosystemic Shunts with Covered Stents Increase Transplant-Free Survival of Patients with Cirrhosis
and Recurrent Ascites. Gastroenterology 2017, 152, 157-163. [CrossRef]

Triantafyllou, T.; Aggarwal, P.; Gupta, E.; Svetanoff, W.J.; Bhirud, D.P; Singhal, S. Polytetrafluoroethylene-Covered Stent Graft
Versus Bare Stent in Transjugular Intrahepatic Portosystemic Shunt: Systematic Review and Meta-Analysis. ]. Laparoendosc. Adv.
Surg. Tech. A 2018, 28, 867-879. [CrossRef]

Berry, K.; Lerrigo, R.; Liou, LW.,; Ioannou, G.N. Association Between Transjugular Intrahepatic Portosystemic Shunt and Survival
in Patients With Cirrhosis. Clin. Gastroenterol. Hepatol. 2016, 14, 118-123. [CrossRef]

Sarwar, A.; Zhou, L.; Novack, V; Tapper, E.B.; Curry, M.; Malik, R.; Ahmed, M. Hospital volume and mortality after transjugular
intrahepatic portosystemic shunt creation in the United States. Hepatology 2018, 67, 690-699. [CrossRef]

Fagiuoli, S.; Bruno, R.; Venon, W.D.; Schepis, E,; Vizzutti, F,; Toniutto, P.; Senzolo, M.; Caraceni, P; Salerno, E; Angeli, P; et al.
Consensus conference on TIPS management: Techniques, indications, contraindications. Dig. Liver Dis. 2017, 49, 121-137.
[CrossRef]

Bureau, C.; Métivier, S.; D’Amico, M.; Péron, ].M.; Otal, P.; Garcia-Pagan, J.C.; Chabbert, V.; Chagneau-Derrode, C.; Procopet, B.;
Rousseau, H.; et al. Serum bilirubin and platelet count: A simple predictive model for survival in patients with refractory ascites
treated by TIPS. J. Hepatol. 2011, 54, 901-907. [CrossRef]

Khabbaz, R.C.; Lokken, R.P; Chen, Y.-F,; Lipnik, A.J.; Bui, ].T.; Ray, C.E.; Gaba, R.C. Albumin-Bilirubin and Platelet-Albumin-
Bilirubin Grades Do Not Predict Survival After Transjugular Intrahepatic Portosystemic Shunt Creation. Cardiovasc. Intervent.
Radiol. 2018, 41, 1029-1034. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/biomedicines10051018/s1
https://www.mdpi.com/article/10.3390/biomedicines10051018/s1
http://doi.org/10.1055/s-0036-1583195
http://www.ncbi.nlm.nih.gov/pubmed/27172359
http://doi.org/10.1080/02841850600806324
http://www.ncbi.nlm.nih.gov/pubmed/16950701
http://doi.org/10.1016/j.jhep.2005.06.005
http://www.ncbi.nlm.nih.gov/pubmed/16139922
http://doi.org/10.1136/gutjnl-2019-320221
http://www.ncbi.nlm.nih.gov/pubmed/32114503
http://doi.org/10.1053/j.gastro.2016.09.016
http://doi.org/10.1089/lap.2017.0560
http://doi.org/10.1016/j.cgh.2015.06.042
http://doi.org/10.1002/hep.29354
http://doi.org/10.1016/j.dld.2016.10.011
http://doi.org/10.1016/j.jhep.2010.08.025
http://doi.org/10.1007/s00270-018-1923-2
http://www.ncbi.nlm.nih.gov/pubmed/29516241

Biomedicines 2022, 10, 1018 13 of 13

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.
35.

Malinchoc, M.; Kamath, P.S.; Gordon, ED.; Peine, C.J.; Rank, J.; ter Borg, P.C. A model to predict poor survival in patients
undergoing transjugular intrahepatic portosystemic shunts. Hepatology 2000, 31, 864-871. [CrossRef] [PubMed]

Schepke, M.; Roth, F.; Fimmers, R.; Brensing, K.A.; Sudhop, T.; Schild, H.H.; Sauerbruch, T. Comparison of MELD, Child-Pugh,
and Emory model for the prediction of survival in patients undergoing transjugular intrahepatic portosystemic shunting. Am. J.
Gastroenterol. 2003, 98, 1167-1174. [CrossRef] [PubMed]

Snyder, N.; Gajula, L.; Xiao, S.-Y.; Grady, J.; Luxon, B.; Lau, D.T.-Y.; Soloway, R.; Petersen, J. APRI: An easy and validated predictor
of hepatic fibrosis in chronic hepatitis C. J. Clin. Gastroenterol. 2006, 40, 535-542. [CrossRef]

Vallet-Pichard, A.; Mallet, V.; Nalpas, B.; Verkarre, V.; Nalpas, A.; Dhalluin-Venier, V.; Fontaine, H.; Pol, S. FIB-4: An inexpensive
and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and fibrotest. Hepatology 2007, 46, 32-36.
[CrossRef]

Lee, J.; Vali, Y,; Boursier, J.; Spijker, R.; Anstee, Q.M.; Bossuyt, PM.; Zafarmand, M.H. Prognostic accuracy of FIB-4, NAFLD
fibrosis score, and APRI for NAFLD-related events: A systematic review. Liver Int. 2020, 41, 261-270. [CrossRef]

Child, C.G.; Turcotte, J.G. Surgery and portal hypertension. Major Probl. Clin. Surg. 1964, 1, 1-85.

Kamath, P.S.; Wiesner, R.H.; Malinchoc, M.; Kremers, W.K.; Therneau, T.M.; Kosberg, C.L.; D’Amico, G.; Dickson, E.R.; Kim, W.R.
A model to predict survival in patients with end-stage liver disease. Hepatology 2001, 33, 464-470. [CrossRef]

Bhangui, P.; Laurent, A.; Amathieu, R.; Azoulay, D. Assessment of risk for non-hepatic surgery in cirrhotic patients. J. Hepatol.
2012, 57, 874-884. [CrossRef]

Lv, Y;; Yang, Z,; Liu, L,; Li, K;; He, C.; Wang, Z.; Bai, W.; Guo, W.; Yu, T.; Yuan, X,; et al. Early TIPS with covered stents
versus standard treatment for acute variceal bleeding in patients with advanced cirrhosis: A randomised controlled trial. Lancet
Gastroenterol. Hepatol. 2019, 4, 587-598. [CrossRef]

Bucsics, T.; Hoffman, S.; Griinberger, J.; Schoder, M.; Matzek, W.; Stadlmann, A.; Mandorfer, M.; Schwabl, P.; Ferlitsch, A.;
Peck-Radosavljevic, M.; et al. ePTFE-TIPS vs repetitive LVP plus albumin for the treatment of refractory ascites in patients with
cirrhosis. Liver Int. 2018, 38, 1036—-1044. [CrossRef] [PubMed]

European Association for the Study of the Liver. EASL Clinical Practice Guidelines for the management of patients with
decompensated cirrhosis. . Hepatol. 2018, 69, 406-460. [CrossRef] [PubMed]

Casadaban, L.C.; Parvinian, A.; Zivin, S.P,; Lakhoo, J.; Minocha, J.; Knuttinen, M.G.; Ray, C.E.; Bui, J.T.; Gaba, R.C. MELD score
for prediction of survival after emergent TIPS for acute variceal hemorrhage: Derivation and validation in a 101-patient cohort.
Ann. Hepatol. 2015, 14, 380-388. [CrossRef]

Angermayr, B.; Cejna, M.; Karnel, F.; Gschwantler, M.; Koenig, F,; Pidlich, J.; Mendel, H.; Pichler, L.; Wichlas, M.; Kreil, A.; et al.
Child-Pugh versus MELD score in predicting survival in patients undergoing transjugular intrahepatic portosystemic shunt. Gut
2003, 52, 879-885. [CrossRef]

Gaba, R.C.; Couture, PM.; Bui, ].T.; Knuttinen, M.G.; Walzer, N.M.; Kallwitz, E.R.; Berkes, J.L.; Cotler, S.J. Prognostic capability
of different liver disease scoring systems for prediction of early mortality after transjugular intrahepatic portosystemic shunt
creation. J. Vasc. Interv. Radiol. 2013, 24, 411-420.e4. [CrossRef]

Schepis, F; Vizzutti, F.; Garcia-Tsao, G.; Marzocchi, G.; Rega, L.; De Maria, N.; Di-Maira, T.; Gitto, S.; Caporali, C.; Colopi, S.; et al.
Under-dilated TIPS Associate With Efficacy and Reduced Encephalopathy in a Prospective, Non-randomized Study of Patients
With Cirrhosis. Clin. Gastroenterol. Hepatol. 2018, 16, 1153-1162.e7. [CrossRef]

Vozzo, C.F; Singh, T,; Bullen, J.; Sarvepalli, S.; McCullough, A.; Kapoor, B. Hospital readmission following transjugular
intrahepatic portosystemic shunt: A 14-year single-center experience. Gastroenterol. Rep. 2020, 8, 98-103. [CrossRef]

Bosch, J. Small diameter shunts should lead to safe expansion of the use of TIPS. J. Hepatol. 2020, 74, 230-234. [CrossRef]
Sterling, RK.; Lissen, E.; Clumeck, N.; Sola, R.; Correa, M.C.; Montaner, J.; Sulkowski, M.S.; Torriani, FJ.; Dieterich, D.T,;
Thomas, D.L,; et al. Development of a simple noninvasive index to predict significant fibrosis in patients with HIV/HCV
coinfection. Hepatology 2006, 43, 1317-1325. [CrossRef]

Vilar-Gomez, E.; Chalasani, N. Non-invasive assessment of non-alcoholic fatty liver disease: Clinical prediction rules and
blood-based biomarkers. J. Hepatol. 2018, 68, 305-315. [CrossRef]

Vasconcelos, M.P.A.; DallAcqua, D.V.; Wedemeyer, H.; Witkin, S.S.; Mendes-Corréa, M.C.; Villalobos-Salcedo, ]. M. Noninvasive
Models for Predicting Liver Fibrosis in Individuals with Hepatitis D Virus/Hepatitis B Virus Coinfection in the Brazilian Amazon
Region. Am. J. Trop. Med. Hyg. 2020, 103, 169-174. [CrossRef] [PubMed]

Moreno, C.; Mueller, S.; Szabo, G. Non-invasive diagnosis and biomarkers in alcohol-related liver disease. J. Hepatol. 2019, 70,
273-283. [CrossRef] [PubMed]

Mortensen, C. Markers of immunity and bacterial translocation in cirrhosis. Dan. Med. J. 2015, 62, B5121. [PubMed]

Pieri, G.; Agarwal, B.; Burroughs, A.K. C-reactive protein and bacterial infection in cirrhosis. Ann. Gastroenterol. 2014, 27, 113-120.
Alexopoulou, A.; Agiasotelli, D.; Vasilieva, L.E.; Dourakis, S.P. Bacterial translocation markers in liver cirrhosis. Ann. Gastroenterol.
2017, 30, 486—497. [CrossRef]


http://doi.org/10.1053/he.2000.5852
http://www.ncbi.nlm.nih.gov/pubmed/10733541
http://doi.org/10.1111/j.1572-0241.2003.07515.x
http://www.ncbi.nlm.nih.gov/pubmed/12809844
http://doi.org/10.1097/00004836-200607000-00013
http://doi.org/10.1002/hep.21669
http://doi.org/10.1111/liv.14669
http://doi.org/10.1053/jhep.2001.22172
http://doi.org/10.1016/j.jhep.2012.03.037
http://doi.org/10.1016/S2468-1253(19)30090-1
http://doi.org/10.1111/liv.13615
http://www.ncbi.nlm.nih.gov/pubmed/29091351
http://doi.org/10.1016/j.jhep.2018.03.024
http://www.ncbi.nlm.nih.gov/pubmed/29653741
http://doi.org/10.1016/S1665-2681(19)31278-5
http://doi.org/10.1136/gut.52.6.879
http://doi.org/10.1016/j.jvir.2012.10.026
http://doi.org/10.1016/j.cgh.2018.01.029
http://doi.org/10.1093/gastro/goz062
http://doi.org/10.1016/j.jhep.2020.09.018
http://doi.org/10.1002/hep.21178
http://doi.org/10.1016/j.jhep.2017.11.013
http://doi.org/10.4269/ajtmh.19-0688
http://www.ncbi.nlm.nih.gov/pubmed/32431268
http://doi.org/10.1016/j.jhep.2018.11.025
http://www.ncbi.nlm.nih.gov/pubmed/30658728
http://www.ncbi.nlm.nih.gov/pubmed/26183053
http://doi.org/10.20524/aog.2017.0178

	Introduction 
	Materials and Methods 
	Results 
	Baseline Cohort Characteristics 
	Cohort Follow-Up and Survival 
	Short-Term and Long-Term Survival Predictive Factors 
	Liver-Related Event Incidence during Follow-Up 

	Discussion 
	Conclusions 
	References

