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Highlights Impact and implications

� In patients with cirrhosis, SPSS prevalence in-

creases over time, along with deteriorating liver
function.

� HCV eradication and alcohol abstinence improve
liver function, portal hypertension and clinical
outcomes.

� Amelioration of liver function does not correlate
with changes in SPSS distribution.

� SPSS persist but progression is decreased after HCV
eradication or alcohol abstinence.
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There is no information regarding the evolution of sponta-
neous portosystemic shunts (SPSS) during the course of
cirrhosis, and especially after disease regression with aetio-
logical interventions, such as HCV treatment with direct-
acting antivirals or alcohol abstinence. These results are
relevant for clinicians dealing with patients with cirrhosis
and portal hypertension because they have important im-
plications for the management of cirrhosis with SPSS after
disease regression. From a practical point of view, physicians
should be aware that in advanced cirrhosis with portal hy-
pertension, after aetiological intervention, SPSS mostly
persist despite liver function improvement, and complica-
tions related to SPSS may still develop.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhepr.2023.100977&domain=pdf


Research article
Evolution of spontaneous portosystemic shunts over time and
following aetiological intervention in patients with cirrhosis
Judit Vidal-González,1 Javier Martínez,2,3 Akhilesh Mulay,4 Marta López,5 Anna Baiges,3,6 Ahmed Elmahdy,7

Katharina Lampichler,8 Geert Maleux,9 Johannes Chang,10 Marta Poncela,11 Gavin Low,12 Gabriele Ghigliazza,13,14

Alexander Zipprich,15,16 Carmen Picón,17 Rushabh Shah,18 Elba Llop,3,5 Anna Darnell,19 Martin H. Maurer,20

Lawrence Bonne,9 Enrique Ramón,21 Sergi Quiroga,22 Juan G. Abraldes,23 Aleksander Krag,24,25 Jonel Trebicka,10,26

Cristina Ripoll,15,16 Vincenzo La Mura,13,15 Puneeta Tandon,23 Rita García-Martínez,3,11 Michael Praktiknjo,10,26

Wim Laleman,27 Thomas Reiberger,28 Annalisa Berzigotti,7 Virginia Hernández-Gea,3,6 José Luis Calleja,3,5

Emmanuel A. Tsochatzis,4 Agustín Albillos,2,3 Macarena Simón-Talero,1,3,* Joan Genescà 1,3, for the Baveno VI-SPSS
group from the Baveno Cooperation

1Liver Unit, Digestive Diseases Department, Vall d’Hebron University Hospital, Vall d’Hebron Institute of Research (VHIR), Vall d’Hebron Barcelona
Hospital Campus. Universitat Autònoma de Barcelona, Barcelona, Spain; 2Department of Gastroenterology and Hepatology, Hospital Universitario Ramón
y Cajal, Instituto Ramón y Cajal de Investigación Sanitaria, Universidad de Alcalá, Madrid, Spain; 3Centro de Investigación Biomédica en Red de
Enfermedades Hepáticas y Digestivas, Instituto de Salud Carlos III, Madrid, Spain; 4Sheila Sherlock Liver Unit and University College London Institute for
Liver and Digestive Health, Royal Free Hospital and University College London, London, UK; 5Liver Unit, Hospital U. Puerta de Hierro, Universidad
Autónoma de Madrid, Madrid, Spain; 6Hepatic Hemodynamic Laboratory, Liver Unit, Hospital Clínic, Institut de Investigacions Biomèdiques August Pi i
Sunyer (IDIBAPS), Universitat de Barcelona, Barcelona, Spain; 7Department of Visceral Surgery and Medicine, Inselspital, Bern University Hospital,
University of Bern, Bern, Switzerland; 8Department of Biomedical Imaging and Image-Guided Therapy, Medical University of Vienna, Vienna, Austria;
9Department of Radiology, University Hospitals KU Leuven, Herestraat 49, 3000 Leuven, Belgium; 10Department of Internal Medicine I, University of Bonn,
Bonn, Germany; 11Liver Unit, Hospital General Universitario Gregorio Marañón, Instituto de Investigación Sanitaria Gregorio Marañón, Universidad
Complutense, Madrid, Spain; 12Department of Radiology, University of Alberta, Edmonton, Alberta, Canada; 13Foundation I.R.C.C.S. Ca’ Granda, Ospedale
Maggiore Policlinico, Angelo Bianchi Bonomi and Thrombosis center, Milan, Italy; 14Department of Pathophysiology and Transplantation, University of
Milan, Milan, Italy; 15First Department of Internal Medicine, Martin Luther University Halle-Wittenberg, Halle (Saale), Germany; 16Internal Medicine IV.
Jena University Hospital, Jena Germany; 17Department of Radiology, Hospital Universitario Ramón y Cajal, Instituto Ramón y Cajal de Investigación
Sanitaria, Universidad de Alcalá, Spain; 18Royal Free Hospital Radiology Department, Royal Free Hospital and University College London, London, UK;
19Department of Radiology, Hospital Clínic, Universitat de Barcelona, Barcelona Spain; 20Department of Radiology, Inselspital, University of Bern, Bern,
Switzerland; 21Digestive Radiology, Hospital General Universitario Gregorio Marañón, Instituto de Investigación Sanitaria Gregorio Marañón, Universidad
Complutense, Madrid, Spain; 22Radiology Department, Hospital Universitari Vall d’Hebron, Vall d’Hebron Barcelona Hospital Campus, Barcelona, Spain;
23Cirrhosis Care Clinic, Division of Gastroenterology (Liver Unit), Centre of Excellence for Gastrointestinal Inflammation and Immunity Research,
University of Alberta, Edmonton, Canada; 24Centre for Liver Research, Department of Gastroenterology and Hepatology, Odense University Hospital,
Odense, Denmark; 25Institute of Clinical Research, University of Southern Denmark, Odense, Denmark; 26Department of Internal Medicine B, University of
Münster, Münster, Germany; 27Department of Gastroenterology and Hepatology, Section of Liver and Biliopancreatic disorders, University Hospitals
Leuven, KU Leuven, Leuven, Belgium; 28Division of Gastroenterology and Hepatology, Vienna Hepatic Hemodynamic Lab, Medical University of Vienna,
Vienna, Austria
JHEP Reports 2024. https://doi.org/10.1016/j.jhepr.2023.100977

Background & Aims: Spontaneous portosystemic shunts (SPSS) develop frequently in cirrhosis. Changes over time and the
effect of aetiological interventions on SPSS are unknown, so we aimed to explore the effect of these variables on SPSS
evolution.
Methods: Patients with cirrhosis from the Baveno VI-SPSS cohort were selected provided a follow-up abdominal CT or MRI
scan was available. Clinical and laboratory data were collected at baseline and follow-up. Imaging tests were reviewed to
evaluate changes in the presence and size of SPSS (large (L)-SPSS was >−8 mm) over time. Regarding alcohol- or HCV-related
cirrhosis, two populations were defined: cured patients (abstinent from alcohol or successful HCV therapy), and non-cured
patients.
Results: A total of 617 patients were included. At baseline SPSS distribution was 22% L-SPSS, 30% small (S)-SPSS, and 48%
without (W)-SPSS. During follow-up (median follow-up of 63 months), SPSS distribution worsened: L-SPSS 26%, S-SPSS 32%,
and W-SPSS 42% (p <0.001). Patients with worse liver function during follow-up showed a simultaneous aggravation in SPSS
distribution. Non-cured patients (n = 191) experienced a significant worsening in liver function, more episodes of liver
Keywords: Collateral vessels; Portal hypertension; Advanced chronic liver disease; Computed tomography; Magnetic resonance imaging; Hepatitis C virus; Sustained viro-
logical response; Alcohol; Ascites; Hepatic encephalopathy.
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decompensation and lower transplant-free survival compared to cured patients (n = 191). However, no differences were
observed regarding SPSS distribution at inclusion and at follow-up, with both groups showing a trend to worsening. Total
shunt diameter increased more in non-cured (52%) than in cured patients (28%). However, total shunt area (TSA) significantly
increased only in non-cured patients (74 to 122 mm2, p <0.001).
Conclusions: The presence of SPSS in cirrhosis increases over time and parallels liver function deterioration. Aetiological
intervention in these patients reduces liver-related complications, but SPSS persist although progression is decreased.
Impact and implications: There is no information regarding the evolution of spontaneous portosystemic shunts (SPSS)
during the course of cirrhosis, and especially after disease regression with aetiological interventions, such as HCV treatment
with direct-acting antivirals or alcohol abstinence. These results are relevant for clinicians dealing with patients with cirrhosis
and portal hypertension because they have important implications for the management of cirrhosis with SPSS after disease
regression. From a practical point of view, physicians should be aware that in advanced cirrhosis with portal hypertension,
after aetiological intervention, SPSS mostly persist despite liver function improvement, and complications related to SPSS may
still develop.
© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Portal hypertension (PH) is the main consequence of cirrhosis
and is responsible for its most severe complications, including
ascites, variceal bleeding, and hepatic encephalopathy (HE).1

Another consequence of PH is the formation of spontaneous
portosystemic shunts (SPSS), which are collateral blood vessels
that form communications between the portal or splanchnic
venous system and the systemic venous system, in an attempt to
decompress the portal circulation.2 However, SPSS are insuffi-
cient to significantly lower portal pressure. Furthermore, they
contribute to increase splanchnic blood flow, worsening PH, and
decrease hepatocyte perfusion, contributing to liver insufficiency
and liver function deterioration.

The previous multicentre study performed by the Baveno VI-
SPSS group3 with data from 1,729 patients showed a high
prevalence of SPSS in patients with cirrhosis. Large-SPSS (L-SPSS-
diameter >−8 mm) were identified in 28% of patients and
small-SPSS (S-SPSS) in 32%. SPSS increased as liver function
deteriorated and they were associated with PH-related compli-
cations. HE was more common in patients with SPSS irrespective
of liver function. However, SPSS were related to other hepatic
complications and transplant-free survival only in the subgroup
of patients with low model for end-stage liver disease (MELD)
scores or Child-Pugh class A.

In a subsequent study performed by Praktiknjo et al.,4

including patients with SPSS from the same cohort, a high total
shunt area (TSA), defined as a TSA >−83 mm2, corresponding to a
single shunt of approximately 10 mm diameter, was associated
with more complications and mortality. All these findings
suggest that the identification and size of SPSS could be a
prognostic marker of cirrhosis.

The Baveno VI-SPSS study reported only cross-sectional
clinical and imaging data. Cirrhosis is a progressive disease in
many patients, but different interventions might also change its
course. Radiological changes and their relationship with the
evolution of the disease have not been evaluated in a longitu-
dinal study. The influence of alcohol abstinence and direct-acting
antivirals (DAAs) against HCV has not been assessed either.
Therefore, aetiological interventions provide a unique opportu-
nity to study dynamic changes in liver function, portal hyper-
tension and SPSS. Lens et al.5 found that after achieving sustained
viral response (SVR) with DAAs, patients with HCV-related
cirrhosis achieved a reduction in hepatic venous pressure
gradient (HVPG), but clinically significant portal hypertension
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(CSPH, HVPG >−10 mmHg) persisted in most patients. The effect
that treatment has on SPSS is still to be determined.

The main objective of the study was to evaluate morpholog-
ical changes in SPSS over time and their relationship with liver
function, portal hypertension and clinical outcomes. Based on
this objective, special attention was dedicated to elucidating the
influence of aetiological interventions (alcohol abstinence and
DAAs for HCV) on SPSS.
Patients and methods
A retrospective study, prolonging the follow-up of the Baveno VI-
SPSS study, was performed, consisting of a second cross-
sectional analysis of the cohort to collect new clinical and
radiological information. From the initial group of 14 partici-
pating centres, 13 were able to collaborate in this follow-up
study. Data on clinical outcomes were obtained from medical
records in every centre. Information was anonymous for the
entire length of the study. Data was collected in all centres from
January 2020 to December 2021 and a RedCap database was used
for data registration. The protocol conformed to the Declaration
of Helsinki and was approved by the local ethics committee of
each participating centre.

Study cohort and data collection
All patients with cirrhosis included in the previous study with
Child-Pugh class A or B, or MELD score <−14 if Child-Pugh was not
available, were considered as candidates to participate. The
imaging (contrast-enhanced abdominal computed tomography
[CT] orMRI) reviewed in the previous studywas considered as the
basal test. Therefore, a second CT/MRI performed at least 12
months after the basal one was necessary for patient inclusion.
Patients with worse liver function (Child-Pugh C and MELD >14)
were excluded because of low expected 1-year survival. Patients
included in the initial study who had died, received a liver trans-
plant (LT), developed hepatocellular carcinoma (HCC) beyond
Milan criteria or had undergone a transjugular intrahepatic por-
tosystemic shunt (TIPS) procedure during thefirst 12months after
the baseline imaging test were excluded. If more than one CT/MRI
scan was available during follow-up, the last CT/MRI was consid-
ered. Only CT-CTorMRI-MRI comparisons were analysed. Follow-
up CT or MRI was compared with the test performed at inclusion:
radiological changes over time were studied and correlated with
liver function and complications of cirrhosis.
2vol. 6 j 100977
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Radiological data and definitions
SPSS were considered as spontaneous communications between
the portal venous system or splanchnic veins and the systemic
venous system, excluding gastroesophageal varices. SPSS were
divided between large and small according to its maximum
diameter, with a cut-off of 8 mm. This cut-off was already chosen
for the Baveno VI-SPSS study, because it was the size of the
smallest symptomatic shunt embolized reported in the litera-
ture.6 A minimum diameter of >5 mmwas considered to provide
accurate SPSS size. Moreover, in patients with more than one
shunt, total shunt diameter was calculated summing up the
diameter of every single shunt. In order to compare total shunt
diameter at baseline and at follow-up, those patients who
developed a collateral during follow-up but presented no SPSS
(W-SPSS group) initially were granted a 0 value at baseline.
Similarly, patients in whom the shunt disappeared during the
study were given a 0 value at follow-up. Shunt area was calcu-
lated by the formula pr2, as done in the study mentioned before.4

In patients with more than one shunt, all SPSS areas were
summed up to calculate the TSA for each patient.

Aetiological intervention
The two aetiological interventions that were evaluated were
HCV treatment and alcohol abstinence. Variables related to HCV
DAA treatment (start date and SVR) were collected. Regarding
alcohol, the presence of alcohol consumption/abstinence was
specifically queried, and responses were collected by the
different investigators based on medical records information.
Thus, two special populations were defined. We defined a sub-
group of cured patients, including patients with HCV-related
cirrhosis who had achieved SVR, alcohol-related cirrhosis who
were abstinent during follow-up, and patients with mixed HCV
and alcohol cirrhosis with both SVR and abstinence. In patients
with HCV, we established a minimum time of 6 months between
initiation of treatment and the follow-up imaging test to be
considered as cured. In alcohol-related cirrhosis, we assumed as
cured only patients who had been abstinent during the entire
follow-up. However, inclusion of patients with alcohol absti-
nence among cured patients might be a potential bias. Therefore,
we performed a subanalysis including, in the cured group, only
patients with HCV-related cirrhosis and SVR (HCV cured).
Simultaneously, we described another subgroup of non-cured
patients, including patients with HCV-related cirrhosis who
were not treated or did not achieve SVR and/or alcohol-related
cirrhosis who did not stop alcohol consumption, indepen-
dently of the quantity of alcohol. Patients with cirrhosis from
mixed aetiologies different from alcohol or HCV were not
considered for this subanalysis. Patients with no information
regarding hepatitis C treatment or alcohol consumption were
also excluded from this analysis. Imaging tests after HCV treat-
ment and/or alcohol abstinence were examined and compared
to baseline.

Statistical analysis
Statistical analysis was performed using Stata Statistical Software
(version 16, StataCorp, College Station, TX, 2019). Continuous
variables are reported as mean (SD) or median (IQR), and cate-
gorical variables are reported as absolute number and percent-
age. For unpaired data, quantitative variables among groups
were compared using the analysis of variance, or Kruskal-Wallis’
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test when appropriate. Student’s t test, or Mann-Whitney’s U test
when appropriate, were used when comparing data between
two groups. Categorical variables were compared using Pearson’s
Chi-square test, or Fisher’s exact test when appropriate. For
paired variables, comparisons between baseline and follow-up
data of the same patients were performed by paired t test, or
Wilcoxon signed-rank test when appropriate, for continuous
variables, and McNemar-Bowker’s test for categorical variables
with more than two categories. For statistical analysis of survival,
transplantation-free survival was considered. To assess the
impact of aetiological intervention on survival, we used the
Kaplan-Meier survival curve modified according to the Simon-
Makuch method with log-rank test, thus including aetiological
intervention as a time-dependent covariate to avoid immortal
bias.7,8 Cox regression was applied to test the relationship be-
tween aetiological treatment and transplantation-free survival,
including it as a time-dependent covariate as well.8 A p value less
than 0.05 was considered statistically significant. All p values
were two-sided.

Results
From the initial cohort of 1,729 patients included in the Baveno
VI-SPSS study, 1,271 were assessed for eligibility, after excluding
patients with Child-Pugh C cirrhosis at inclusion, those who had
died or undergone a LT less than 1 year after inclusion, and
patients in whom Child-Pugh score could not be calculated but
who had a baseline MELD score >14 (Fig. 1). From these 1,271
patients, 631 patients could not be included because no follow-
up imaging test was available, and 23 patients because one
centre could not participate in the study. Finally, 617 patients
were included in the study: L-SPSS were identified in 138 (22%)
patients, S-SPSS in 183 (30%) patients, while no shunt was
identified in 296 patients (W-SPSS: 48%) (Figs 1,2 and Table 1).
Table S1 compares included patients with patients who could
not be included.

Baseline and follow-up clinical and radiological
characteristics
Characteristics and decompensating events of all included pa-
tients at baseline and during follow-up are shown in Table 1 and
Table S2. Alcohol was the main aetiology in the L-SPSS group,
while HCV infection was predominantly found in the W-SPSS
group. Time between both imaging tests was similar between
groups, but total follow-up was longer for the W-SPSS group. As
expected, liver function was worse in patients with SPSS at
baseline and follow-up. Regarding complications of cirrhosis,
patients with both types of SPSS had previously experienced
more complications than those from the W-SPSS group. How-
ever, during follow-up, these differences disappeared, except for
HE. Nevertheless, after adjusting for basal liver function, both
baseline and follow-up differences between patients with and
without SPSS regarding complications were only observed in
patients with low Child-Pugh and MELD scores (Table S3).

In the follow-up imaging test, SPSS were identified in 359
(58%) patients: 160 (26%) patients with L-SPSS and 199 (32%)
with S-SPSS, and no shunt was identified in 258 patients
(W-SPSS: 42%); this was significantly different from the baseline
distribution of SPSS (Fig. 2). However, when stratifying patients
according to time between imaging tests, only those with a
follow-up CT or MRI performed at least 3 years after the basal
3vol. 6 j 100977



Inclusion:
617 patients

Assessed for eligibility:
1,271 patients

Included in the first study:
1,729 patients

Exclusion: 458 patients

- Child-Pugh C at inclusion: 299

- No Child-Pugh/MELD >14: 66

- Death or LT <1 year: 93

- Non-participant centre: 23

Exclusion: 654 patients

- Child-Pugh A or B at inclusion
  without follow-up CT/MRI: 631

W-SPSS:
296 patients

(48%)

S-SPSS:
183 patients

(30%)

L-SPSS:
138 patients

(22%)

Fig. 1. Flow diagram of participants included the study. CT, contrast-
enhanced abdominal computed tomography; LT, liver transplant; MELD,
model for end-stage liver disease; L-SPSS, large-SPSS; SPSS, spontaneous
portosystemic shunts; S-SPSS, small-SPSS; W-SPSS, without SPSS.
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Fig. 2. Radiological changes between baseline and follow-up imaging tests
in SPSS distribution. Data are shown as percentages. p <0.001 (McNemar-
Bowker’s test). CT, contrast-enhanced abdominal computed tomography; L-
SPSS, large-SPSS; SPSS, spontaneous portosystemic shunts; S-SPSS, small-SPSS;
W-SPSS, without SPSS.
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one showed significant differences from baseline (Fig. S1).
Regarding total shunt diameter and TSA, a total of 260 patients
had a >5 mm diameter shunt at inclusion and/or at follow-up.
Both shunt diameter and mean TSA significantly increased
between baseline and follow-up imaging tests (Table S4).
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Radiological changes based on liver function changes
The distribution of SPSS groups at baseline and follow-up in
relation to changes in liver function was evaluated. Patients in
whom MELD score worsened (defined as an increase of >−2 points
compared to baseline MELD score) showed a simultaneous
aggravation in SPSS distribution. As shown in Table 2, at baseline,
55% of patients belonged to the SPSS group (28% L-SPSS and 27%
S-SPSS) and 45% to the W-SPSS group; at follow-up, no shunt
was found in 32% patients while 68% presented one (34% in each
group) (p <0.001). No differences were found in those patients in
whom MELD score improved or was stable. Similar results were
found when comparing Child-Pugh score changes.

Radiological and clinical changes based on aetiological
intervention
Among all the patients with HCV- and alcohol-related cirrhosis,
191 were considered cured (95 [50%] patients with SVR, 90 [47%]
abstinent, and 6 [3%] with SVR and abstinent) and 191 non-cured
(123 [64%] patients without SVR, 50 [26%] non-abstinent, and 18
[10%] without SVR and/or non-abstinent).

SPSS distribution
No significant radiological changes in SPSS distribution were
observed when comparing patients with HCV or alcohol-related
cirrhosis after aetiological intervention (Table 3). At inclusion,
20% of cured patients had L-SPSS, 30% S-SPSS, and 50% W-SPSS;
at follow-up the distribution was 24%, 32% and 44%, respectively
(p = 0.0518). Among non-cured patients, the differences were
similar. The distribution was also similar after adjusting for a
median time between imaging tests of at least 36 months
(Table S5). No differences were found when separately
comparing patients with HCV-related cirrhosis and patients with
alcohol-related cirrhosis (Table S6).

Total shunt diameter and TSA
Total shunt diameter significantly increased in both cured and
non-cured patients, comparing baseline and follow-up mea-
surements (Table 4). However, the enlargement was more
significant in non-cured (7.9 [7.1] mm vs. 12.1 [7.5] mm, 53%
increase, p <0.001) than in cured patients (8.6 [8.8] mm vs. 11
[7.7] mm, 28% increase, p = 0.0261). Furthermore, we evaluated
TSA differences in the same patients. Mean TSA was significantly
larger in non-cured patients comparing baseline and follow-up
imaging tests (74.3 [88.7] mm2 vs. 122.1 [116.4] mm, 64%
increase, p <0.001), whereas cured patients experienced a slight,
non-significant growth (102.5 [252.0] mm2 vs. 119.8 [142.1] mm2,
17% increase, p = 0.5426) (Table 4). Similar results were obtained
when comparing only HCV-cured patients (Table S7).

Liver function, analytical and clinical changes
Liver function and metabolic parameters were not significantly
different between cured and non-cured patients at baseline.
However, at follow-up, non-cured patients had a higher Child-
Pugh score and worse distribution, with more patients
belonging to the Child-Pugh C group (Table 5). No differences in
MELD and MELD sodium (MELD-Na) scores were observed. At
follow-up, non-cured patients presented higher bilirubin levels
and lower albumin levels. Regarding complications of cirrhosis, at
baseline both groups had experienced similar rates of liver-related
events apart from HCC, which was more frequent in non-cured
patients. However, during follow-up, aetiological intervention
was associated with a lower risk of decompensation, whereas no
4vol. 6 j 100977



Table 1. Baseline and follow-up characteristics of patients included distributed according to the type of SPSS.

Characteristic Total, N = 617 W-SPSS, n = 296 S-SPSS, n = 183 L-SPSS, n = 138 p value

Age, yr, mean (SD) 60 (12) 61 (12) 60 (11) 58 (12) 0.0194
Sex, male, n (%) 416 (67.8) 209 (70.9) 128 (70.3) 79 (57.7) 0.016
Etiology, n (%)

Alcohol 168 (27.2) 67 (22.6) 62 (33.9) 39 (28.3) 0.026
HCV 225 (36.5) 126 (42.6) 59 (32.2) 40 (29.0) 0.009
Alcohol + HCV 28 (4.5) 14 (4.7) 8 (4.4) 6 (4.3) 0.976
HBV 32 (5.2) 18 (6.1) 6 (3.3) 8 (5.8) 0.379
MAFLD 38 (6.2) 20 (6.8) 9 (4.9) 9 (6.5) 0.704
Othera 104 (16.9) 42 (14.2) 31 (16.9) 31 (22.5) 0.100

Time between CT/MRIb, months, median (IQR) 45 (49) 48 (45) 40 (49) 45 (50) 0.2855
Time of follow-upc, months, median (IQR) 63 (53) 69 (51) 56 (56) 54 (53) <0.001
Baseline parameters
MELD, median (IQR) 10 (4) 9 (4) 10 (4) 11 (4) <0.001
MELD-Na, median (IQR) 11 (6) 10 (5) 11 (5) 12 (5) <0.001
Child-Pugh, median (IQR) 6 (2) 5 (1) 6 (2) 7 (2) <0.001
Child-Pugh, n (%)

A 387 (67) 210 (76) 113 (65) 64 (49) <0.001
B 191 (33) 65 (24) 60 (35) 66 (51)

Prior decompensations, n (%)
GIB 90 (14.7) 22 (7.5) 40 (22.0) 28 (20.4) <0.001
HE 73 (11.9) 19 (6.4) 22 (12.2) 32 (23.4) <0.001
Ascites 189 (31.0) 69 (23.3) 67 (37.2) 53 (39.8) <0.001
HCC 76 (12.4) 38 (12.8) 20 (11.0) 18 (13.2) 0.789

Follow-up parametersd

MELD, median (IQR) 11 (6) 9 (6) 11 (5) 13 (8) <0.001
MELD-Na, median (IQR) 11 (8) 10 (7) 11 (8) 14 (10) <0.001
Child-Pugh, median (IQR) 6 (3) 6 (2) 6 (3) 8 (3) <0.001
Child-Pugh, n (%)

A 311 (55) 181 (67) 87 (52) 43 (35) <0.001
B 177 (32) 66 (24) 61 (36) 50 (41)
C 74 (13) 24 (9) 20 (12) 30 (24)

Decompensations during all follow-upe, n (%)
GIB 84 (13.7) 34 (11.5) 33 (18.0) 17 (12.3) 0.112
HE 125 (20.2) 41 (13.9) 40 (21.9) 44 (31.9) <0.001
Ascites 126 (20.4) 50 (16.9) 42 (23.0) 34 (24.6) 0.105
Infectionsf 104 (16.9) 47 (15.9) 29 (15.9) 28 (20.3) 0.214
HCC 22 (3.6) 8 (2.7) 8 (4.4) 6 (4.3) 0.540

Continuous variables are reported as mean (SD) or as median (IQR), and categorical variables are reported as absolute number (percentage). Level of significance: p <0.05
(analysis of variance or Kruskal-Wallis’ test for quantitative variables; Pearson’s Chi-square test for categorical variables). p values report the statistical differences between the
three groups.
CT, contrast-enhanced abdominal computed tomography; GIB, gastrointestinal bleeding; HCC, hepatocellular carcinoma; HE, hepatic encephalopathy; L-SPSS, large-SPSS;
MAFLD, metabolic dysfunction-associated fatty liver disease; MELD, model for end-stage liver disease; MELD-Na, model for end-stage liver disease-sodium; SPSS, sponta-
neous portosystemic shunts; S-SPSS, small-SPSS; W-SPSS, without SPSS.
a Includes cholestatic, autoimmune, cryptogenic, other aetiologies, and patients with more than one aetiology (excluding alcohol + HCV). In 22 patients there was no in-
formation regarding aetiology.
b Median time between the basal and the follow-up imaging test.
c Median time between the basal imaging test and the date of last follow-up.
d MELD, MELD-Na and Child-Pugh score and distribution were calculated according to clinical situation and blood test closest to follow-up CT or MRI.
e Decompensations were recorded until end of follow-up.
f Includes spontaneous bacterial peritonitis and other infections.
significant differences were observed regarding HCC (Table 5).
Similar results were obtained when comparing only HCV-cured
patients (Table S8).

We also compared the intragroup differences concerning liver
function between baseline and follow-up. Cured patients
remained stable or even experienced an improvement, although
non-significant, whereas non-cured patients experienced a
significant worsening in MELD, MELD-Na and Child-Pugh scores
(Table S9). Regarding Child-Pugh score distribution, there were
patients who progressed to Child-Pugh C stage in both sub-
groups; however, this was markedly higher in non-cured
patients. Results were similar when comparing only HCV-cured
patients (Table S10).

Survival analysis in cured and non-cured patients
Transplant-free survival was significantly higher in cured
patients compared to the non-cured subgroup (Fig. 3). At the end
JHEP Reports 2024
of the follow-up period, 128 patients had died (34% cured
patients and 66% non-cured) and 43 patients had received an LT
(cured 53% and non-cured 47%). Adjusting for aetiological
intervention as a time-dependent covariate, HR for death/LT was
1.37 (95% CI 1.01-1.88, p = 0.0432) in non-cured patients with
respect to cured patients. Table S11 shows the clinical situation at
last follow-up in cured and non-cured patients. Similar results
were observed when comparing only HCV-cured patients (Fig. S2
and Table S12).
Discussion
In the previous study performed by the Baveno VI-SPSS group,3

results highlighted a relationship between the presence of SPSS
and higher risk of worse outcomes in patients with cirrhosis,
especially in those with preserved liver function. The present
study, being a subset of the original population with an extended
5vol. 6 j 100977



Table 2. Radiological changes based on liver function changes.

Baseline CT/MRI Follow-up CT/MRI p value

Radiological changes if MELD worsens (n = 240), n (%)
W-SPSS 109 (45) 77 (32) <0.001
S-SPSS 65 (27) 81 (34)
L-SPSS 66 (28) 82 (34)
Radiological changes if MELD improves or remains the same (n = 340),
n (%)
W-SPSS 167 (49) 162 (48) 0.1005
S-SPSS 108 (32) 101(30)
L-SPSS 65 (19) 77 (22)
Radiological changes if Child-Pugh worsens (n = 159), n (%)
W-SPSS 59 (37) 40 (25) <0.001
S-SPSS 52 (33) 58 (37)
L-SPSS 48 (30) 61 (38)
Radiological changes if Child-Pugh improves or remains the same
(n = 367), n (%)
W-SPSS, n (%) 194 (53) 177 (48) 0.0608
S-SPSS, n (%) 106 (29) 112 (31)
L-SPSS, n (%) 67 (18) 78 (21)

MELD or Child-Pugh scores worsening is defined as an increase of 2 points or more
compared to baseline MELD or Child-Pugh scores. Variables are reported as absolute
number (percentage). Level of significance: p <0.05 (McNemar-Bowker’s test).
CT, contrast-enhanced abdominal computed tomography; L-SPSS, large-SPSS; MELD,
model for end-stage liver disease; SPSS, spontaneous portosystemic shunts; S-SPSS,
small-SPSS; W-SPSS, without SPSS.

Table 3. Radiological changes between baseline and follow-up imaging
tests in SPSS distribution in cured and non-cured patients.

Baseline CT/MRI Follow-up CT/MRI p value

Cured patients (n = 191), n (%)
W-SPSS 96 (50) 83 (44) 0.0518
S-SPSS 57 (30) 62 (32)
L-SPSS 38 (20) 46 (24)
Non-cured patients (n = 191), n (%)
W-SPSS 102 (53) 92 (48) 0.1767
S-SPSS 47 (25) 51 (27)
L-SPSS 42 (22) 48 (25)

Cured patients are defined as those who are abstinent for alcohol-related cirrhosis
and/or those who have received successful HCV therapy for HCV-related cirrhosis.
Non-cured patients are defined as patients with alcohol-related cirrhosis without
abstinence and/or HCV-related cirrhosis without treatment or without sustained
viral response. Variables are reported as absolute number (percentage). Level of
significance: p <0.05 (McNemar-Bowker’s test).
CT, contrast-enhanced abdominal computed tomography; L-SPSS, large-SPSS; SPSS,
spontaneous portosystemic shunts; S-SPSS, small-SPSS; W-SPSS, without SPSS.

Research article
follow-up, reveals the same tendency to radiological progression
paralleled by a worsening liver function. As an important
novelty, this study provides evidence for the first time that an
aetiological intervention, defined as DAA treatment in HCV-
associated cirrhosis and alcohol abstinence in alcohol-related
Table 4. Radiological changes between baseline and follow-up imaging tests in

Total shunt diameter,
mm, mean (SD)

Cured patients (n = 82)
SPSS inclusion 8.6 (8.8)
SPSS follow-up 11.0 (7.7)
Non-cured patients (n = 76)
SPSS inclusion 7.9 (7.1)
SPSS follow-up 12.1 (7.5)

Cured patients are defined as those who are abstinent for alcohol-related cirrhosis and
cured patients are defined as patients with alcohol-related cirrhosis without abstin
response. A minimum diameter of >5 mm was considered to provide accurate SPSS siz
SPSS, spontaneous portosystemic shunts; TSA, total shunt area.
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cirrhosis, is not translated into significant changes in portosys-
temic shunting.

The presence of a second cross-sectional evaluation of pa-
tients in the present study allowed us to evaluate radiological
changes in relation to clinical and liver function changes. It is
well known that the presence of portosystemic collaterals in-
creases in patients with worse liver function.3,4,9–13 Since liver
function worsened in our cohort, the presence of SPSS conse-
quently increased. This SPSS increase was obviously more
remarkable in the subgroup of patients whose MELD or Child-
Pugh scores worsened.

The population defined as cured after aetiological interven-
tion (HCV with SVR and abstinent from alcohol) experienced less
liver-related events, such as HE and ascites, during follow-up,
and presented better liver synthesis parameters. Moreover,
even though both groups had similar Child-Pugh, MELD and
MELD-Na scores at baseline before treatment, non-cured
patients experienced a significant worsening in liver function
during follow-up. Even more importantly, transplant-free sur-
vival was significantly better in cured patients than in the non-
cured subgroup. However, no radiological amelioration
regarding SPSS distribution was observed in cured patients. In
fact, both cured and non-cured patients showed a tendency to a
worsening in SPSS distribution. Since SPSS distribution only
considers the single largest shunt, and the prevalence of more
than one collateral among patients with cirrhosis is high,3,4 the
mean progression in total shunt diameter was assessed. Mean
diameter increased in both cured and non-cured patients,
although the enlargement was more significant in the latter.
Finally, we compared mean TSA between cured and non-cured
patients. In the study performed by Praktiknjo et al.,4 results
showed that TSA was a better predictor of mortality and risk of
decompensation, outperforming single SPSS classification. In our
study, TSA increased significantly in the subgroup of non-cured
patients. Importantly, in cured patients, there was only a small,
non-significant increase in TSA.

Regarding the impact of DAAs on HCV-related cirrhosis, after
SVR is achieved, liver function improvement and PH ameliora-
tion have been widely demonstrated,14–17 preventing hepatic
decompensation and leading to improved outcomes.18 Carrat
et al.19 showed that exposure to DAAs was associated with a
decrease in all-cause mortality and HCC. In a study performed by
Pons et al.,20 70% of patients with Child-Pugh A compensated
advanced chronic liver disease experienced a liver stiffness
improvement (defined as a decrease of >−20% from baseline), with
a mean decrease of nearly 30%. However, other research has also
highlighted that in patients with cirrhosis and pre-treatment
total shunt diameter and total shunt area in cured and non-cured patients.

p value TSA, mm2,
mean (SD)

p value

0.0261 102.5 (252.0) 0.5426
119.8 (142.1)

<0.001 74.3 (88.7) <0.001
122.1 (116.4)

/or those who have received successful HCV therapy for HCV-related cirrhosis. Non-
ence and/or HCV-related cirrhosis without treatment or without sustained viral
e. Variables are reported as mean (SD). Level of significance: p <0.05 (paired t test).
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Table 5. Liver function, analytical and clinical changes between cured and non-cured patients.

Characteristic Total, n = 382 Cured, n = 191 Non-cured, n = 191 p value

Age, years, mean (SD) 60 (11) 59 (11) 62 (12) 0.177
Sex, male, n (%) 268 (70.3) 143 (75.3) 125 (65.4) 0.036
Metabolic factors, n (%)

Diabetes 105 (27.5) 54 (28.3) 51 (26.7) 0.731
Hypertension 132 (34.6) 71 (37.2) 61 (31.9) 0.282
Overweight 198 (68.0) 101 (69.2) 97 (66.9) 0.676
Obesity 71 (24.4) 40 (27.4) 31 (21.4) 0.232

Baseline parameters
MELD, median (IQR) 10 (4) 10 (4) 10 (5) 0.6083
MELD-Na, median (IQR) 11 (5) 11 (5) 11 (6) 0.5513
Child-Pugh, median (IQR) 6 (2) 6 (2) 6 (2) 0.5652
Child-Pugh, n (%)

A 239 (66) 123 (68) 116 (65) 0.527
B 121 (34) 58 (32) 63 (35)

Prior decompensations, n (%)
GIB 49 (12.9) 29 (15.3) 20 (10.5) 0.168
HE 45 (11.8) 26 (13.6) 19 (10.0) 0.275
Ascites 120 (31.6) 64 (33.5) 56 (29.6) 0.416
HCC 53 (13.9) 19 (10.0) 34 (17.9) 0.025

Follow-up parametersa

MELD, median (IQR) 10 (6) 10 (6) 10 (7) 0.4531
MELD-Na, median (IQR) 11 (8) 10 (6) 11 (11) 0.1772
Child-Pugh, median (IQR) 6 (3) 6 (2) 6 (4) <0.001
Child-Pugh, n (%)

A 205 (59) 116 (66) 89 (51) 0.003
B 102 (29) 47 (27) 55 (32)
C 42 (12) 12 (7) 30 (17)

Decompensations during all follow-upb, n (%)
GIB 50 (13.1) 23 (12.0) 27 (14.1) 0.544
HE 70 (18.3) 27 (14.1) 43 (22.5) 0.034
Ascites 78 (20.4) 27 (14.1) 51 (26.7) 0.002
Infectionsc 68 (17.8) 24 (12.6) 44 (23.0) 0.007
HCC 9 (2.4) 6 (3.1) 3 (1.6) 0.312

Analytical parametersa, mean (SD)
Haemoglobin, g/dl 12.6 (2.5) 12.7 (2.5) 12.5 (2.6) 0.3342
Platelets, x1,000/mm3 116 (65) 116 (67) 115 (62) 0.8516
Creatinine, mg/dl 1.05 (0.80) 1.08 (0.89) 1.02 (0.70) 0.5187
Bilirubin, mg/dl 2.04 (3.26) 1.67 (2.59) 2.41 (3.79) 0.0275
INR 1.27 (0.37) 1.25 (0.38) 1.30 (0.37) 0.1835
Albumin, g/dl 3.6 (0.7) 3.7 (0.7) 3.5 (0.8) <0.001

Cured patients are defined as those who are abstinent for alcohol-related cirrhosis and/or those who have received successful HCV therapy for HCV-related cirrhosis. Non-
cured patients are defined as patients with alcohol-related cirrhosis without abstinence and/or HCV-related cirrhosis without treatment or without sustained viral
response. Overweight is defined as a BMI >−25.0 and obesity as BMI >−30.0.
Continuous variables are reported as mean (SD) or as median (IQR), and categorical variables are reported as absolute number (percentage). Level of significance: p <0.05
(Student’s t test or Mann-Whitney’s U test for quantitative variables; Pearson’s Chi-square test or Fisher’s exact test for categorical variables).
GIB, gastrointestinal bleeding; HCC, hepatocellular carcinoma; HE, hepatic encephalopathy; INR, international normalized ratio; MELD, model for end-stage liver disease;
MELD-Na, model for end-stage liver disease-sodium.
a MELD, MELD-Na, Child-Pugh score and Child-Pugh distribution, and analytical parameters, were calculated according to clinical situation and blood test closest to follow-up
CT or MRI.
b Decompensations were recorded until end of follow-up.
c Includes spontaneous bacterial peritonitis and other infections.
CSPH, although successful antiviral therapy is associated with a
decrease in HVPG, CSPH persists in many cases.5,21,22 This has
also been demonstrated in other studies where gastroesophageal
varices did not improve after DAA treatment23 and in patients
treated with interferon-based regimens, showing no decrease in
the size of pre-existing varices in patients who achieved SVR,
despite a lower incidence of de novo oesophageal varices.24,25 In
another study byMandorfer et al.26 in patients who achieved SVR
after DAA therapy and had CSPH pre-treatment, a high variability
in HVPG reduction or even worsening after successful HCV
eradication was shown, especially in those with HVPG
>−15 mmHg. Thus, if high portal pressure persists after successful
DAA therapy, it might be expected that portosystemic collaterals
shall persist as well. In patients with CSPH, regression of cirrhosis
JHEP Reports 2024
and PH is less frequent, highlighting the presence of a point of no
return.16

Evolution of portosystemic shunts has already been assessed
following HCV eradication. Kotanki et al.27 evaluated 17 patients
who achieved SVR after DAA therapy with a pre-treatment CT to
evaluate the presence of SPSS. After treatment, no differences
were observed in shunt diameter even though there was an
improvement in Child-Pugh score and a decrease in HVPG. On
the other hand, two previous studies highlighted an association
between presence of SPSS and impaired improvement in liver
function after DAA therapy.28,29 Another study with 51 patients
treated successfully with interferon, also identified portosyste-
mic collaterals as a risk factor for progression of gastroesopha-
geal varices and incidence of HE after treatment.30
7vol. 6 j 100977
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Fig. 3. Probability of transplant-free survival in cured and non-cured pa-
tients using Kaplan-Meier survival curve modified according to the Simon-
Makuch method. Log-rank test: p = 0.044. The Simon-Makuch method ac-
counts for a change in exposure status over time. Therefore, the number of
patients in the cured category increased and the number in the non-cured
group decreased, as patients with HCV-related cirrhosis received successful
DAA therapy. In this time-varying approach, 101 patients already started as
cured patients (90 patients with alcohol-related cirrhosis assumed to be
abstinent from inclusion; 10 patients with HCV-related cirrhosis who had
already received treatment at inclusion; and one patient with both).
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Alcohol abstinence has also been associated with a lower risk
of hepatic decompensation and mortality,31,32 as well as a
decrease in portal pressure,33–36 both in compensated and
decompensated patients.37 In a recent study, abstinent patients
with CSPH and high-risk PH (HVPG >−20 mmHg) showed a sig-
nificant reduction of hepatic decompensation.38 In another study
which evaluated patients with alcohol-related cirrhosis and/or
hepatitis B- or hepatitis C-related cirrhosis, patients with both
alcohol abstinence and antiviral treatment had the lowest risk of
HCC and variceal bleeding.39 No studies regarding the effect of
alcohol withdrawal in SPSS have been published so far.

In our daily practice, we have found other situations wherein
patients with cirrhosis experience an improvement in or even
resolution of PH without regression or disappearance of porto-
systemic collaterals. After TIPS placement it has been described
that SPSS might remain unchanged in up to one-third of pa-
tients,40,41 pointing to the need to evaluate a prophylactic
embolization of L-SPSS before TIPS placement to diminish the
JHEP Reports 2024
risk of HE and worse outcomes after TIPS.42 SPSS may also persist
after LT.43,44 Current recommendations suggest considering
intra-operative management of L-SPSS to avoid graft dysfunc-
tion, portal vein thrombosis or reappearance of HE.45,46 However,
in small-sized grafts, authors advocate that SPSS should not be
ligated to avoid graft hyperperfusion.46 During follow-up, in case
of symptomatic L-SPSS, embolization has been considered,44,47

although the presence of SPSS after LT is more often related to
development of graft cirrhosis and PH rather than persistence of
pre-transplant collaterals.

Our results have several limitations. First, this is a retro-
spective study, which may lead to potential bias in data report-
ing. Furthermore, a systematic protocol for imaging analysis was
not defined in the previous study performed by the Baveno VI-
SPSS group,3 nor in the present study. However, CT and MRI
were reviewed by expert radiologists in hepatic diseases (12 of
13 participant centres), or an hepatologist trained by a radiolo-
gist in one centre. Regarding alcohol consumption, abstinence
was based on data reported in clinical history, and assumed to be
constant throughout study follow-up. No other test was per-
formed to ensure patients were truly abstinent. Concerning HCV,
treatment might occur years after enrolment, and the baseline
imaging test may not accurately represent the basal patient
condition. Another limitation is that median time between
baseline and follow-up imaging tests was longer in cured pa-
tients because of higher transplant-free survival. Finally, only
patients who underwent a second CT or MRI were included. This
might have excluded asymptomatic patients who had only
abdominal ultrasound every 6 months for HCC surveillance, as
well as patients with impaired kidney function.

The strengths of the study are the size of the cohort and the
extended follow-up. All participating centres were tertiary-care
hospitals with a protocolized management of liver diseases. This
is the largest cohort reported with longitudinal data regarding
SPSS and their impact onpatientswith cirrhosis,with data from13
different centres, allowing for a generalization of the results.

In conclusion, SPSS are frequent in patients with cirrhosis, and
they are associated with portal hypertension-related complica-
tions. Furthermore, their prevalence increases over time, along
with liver function deterioration. Patients with cirrhosis under-
going an aetiological intervention, such as HCV treatment with
DAA and/or alcohol abstinence, experience lower risk of
decompensation and liver function deterioration, and higher
transplant-free survival. However, SPSS persist in the majority of
patients, although progression seems to be decreased. Therefore,
despite SVR achievement or alcohol abstinence, complications
related to SPSS may still develop.
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