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Abstract

Background In this systematic review and meta-analysis, we examined the evidence on transjugular intrahepatic
portosystemic shunt (TIPS) as a bridge to elective and emergency surgery in cirrhotic patients. We aimed to assess the
perioperative characteristics, management approaches, and outcomes of this intervention, which is used to achieve
portal decompression and enable the safe performance of elective and emergent surgery.

Methods MEDLINE and Scopus were searched for studies reporting the outcomes of cirrhotic patients undergo-

ing elective and emergency surgery with preoperative TIPS. The risk of bias was evaluated using the methodological
index for non-randomized studies of interventions, and the JBI critical appraisal tool for case reports. The outcomes of
interest were: 1. Surgery after TIPS; 2. Mortality; 3. Perioperative transfusions; and 4. Postoperative liver-related events.
A DerSimonian and Laird (random-effects) model was used to perform the meta-analyses in which the overall (com-
bined) effect estimate was presented in the form of an odds ratio (summary statistic).

Results Of 426 patients (from 27 articles), 256 (60.1%) underwent preoperative TIPS. Random effects MA showed sig-
nificantly lower odds of postoperative ascites with preoperative TIPS (OR=0.40, 95% Cl 0.22-0.72; 12 = 0%). There were
no significant differences in 90-day mortality (3 studies: OR=0.76, 95% Cl 0.33-1.77; 12 =18.2%), perioperative transfu-
sion requirement (3 studies: OR=10.89, 95% Cl 0.28-2,84; 12 =70.1%), postoperative hepatic encephalopathy (2 stud-
ies: OR=0.97,95% Cl 0.35-2.69; 12 =0%), and postoperative ACLF (3 studies: OR=1.02, 95% Cl 0.15-6.8, 12 ="78.9%).

Conclusions Preoperative TIPS appears safe in cirrhotic patients who undergo elective and emergency surgery and
may have a potential role in postoperative ascites control. Future randomized clinical trials should test these prelimi-
nary results.
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Background

Portal hypertension (PH) is a key driver of hepatic
decompensation and mortality among patients with
advanced chronic liver disease or cirrhosis. PH in cir-
rhotic patients occurs due to increased intrahepatic
resistance that induces systemic hemodynamic distur-
bances [1]. When the hepatic venous pressure gradient
(HVPQG) rises up to 10 mmHg (i.e., clinically significant
portal hypertension) [2], patients may develop gastroe-
sophageal varices or other portosystemic collaterals,
but even more importantly, hepatic complications such
as ascites, hepatic encephalopathy, portal hypertensive
bleeding or portal vein thrombosis [3].

Surgery, particularly major surgery, is one of the pre-
cipitants of acute decompensation in patients with
cirrhosis and PH, and postoperative morbidity and mor-
tality correlate with liver disease severity [4]. Conse-
quently, surgery may be contraindicated in some patients
with cirrhosis and PH. Therefore, surgeons often encoun-
ter challenging situations when evaluating patients with
advanced cirrhosis who require elective or emergency
surgeries in the context of acute care and general surgery.
This is because the presence of advanced liver disease,
such as portal hypertension, can impact the decision to
perform a surgical procedure that would otherwise be
performed without concern for complications and poor
outcomes.

Transjugular intrahepatic portosystemic shunt (TIPS)
has been used to manage complications related to PH,
including portal hypertensive bleeding, ascites, and por-
tal vein thrombosis [5]. It has been proposed that pre-
operative TIPS placement, by lowering portal pressure,
would improve postoperative outcomes [5, 6]. Available
evidence suggests that preoperative TIPS placement may
be safe and could potentially reduce postoperative liver
outcomes [7]. Unfortunately, we need more research
to test the effects of TIPS in the field of surgery. Such
research would be of particular interest to surgeons
and other healthcare professionals caring for cirrhotic
patients undergoing surgical procedures [8] and could
inform clinical practice and guide future research efforts
in this field.

To date, the role of TIPS in the preoperative setting
of patients requiring elective and emergency surgery
remains unclear. Moreover, little quantitative evidence
is available to know the number of patients who can
undergo surgery after preoperative TIPS and their associ-
ated postoperative outcomes; for example, postoperative
liver-related events (LRE).

In this systematic review and meta-analysis, we exam-
ined the evidence on using transjugular intrahepatic por-
tosystemic shunt (TIPS) placement as a bridge to elective
and emergency surgery in cirrhotic patients. We aimed
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to assess the perioperative characteristics, management
approaches, and outcomes of this intervention, which is
used to achieve portal decompression and enable the safe
performance of surgery. We hypothesized that preopera-
tive TIPS deployment reduces morbidity and mortality in
cirrhotic patients undergoing surgery.

Methods
The present meta-analytic review adhered to the princi-
ples from the Cochrane Handbook of Systematic Reviews
of Interventions and was reported according to the
PRISMA [9] and “Meta-analysis of Observational Studies
in Epidemiology” (MOOSE) reporting guidelines [10].

To achieve our main objective, this SR and MA
answered the following questions:

1. What is the available evidence on the use of TIPS as a
bridge to elective and emergency surgery in cirrhotic
patients?

2. What are the reported effects of preoperative TIPS
placement on the outcomes of cirrhotic patients
undergoing elective and emergency surgery?

Although not registered in PROSPERO, a protocol
prepared before the review kickoff was used to guide the
execution of the systematic review.

Inclusion criteria

Studies were considered eligible for inclusion if they
reported the characteristics and outcomes of cirrhotic
patients undergoing elective and emergency surgery with
preoperative TIPS.

Exclusion criteria

Studies on cirrhotic patients undergoing hepatic surgery
(i.e., hepatic resection or liver transplantation) and those
involving subjects with non-cirrhotic portal hypertension
were excluded.

Types of studies

We included observational studies of any type (case
series, cohort studies, case—control studies). Case reports
were also considered eligible for inclusion in this SR.
Narrative reviews, commentaries, and editorials without
patient data were not considered eligible for inclusion.

Types of patients and interventions

The participants were patients with liver cirrhosis of any
etiology requiring elective or emergency surgery (i.e.,
extrahepatic cancer requiring resection, hernia surgery,
cholecystectomy, among others) and undergoing preop-
erative TIPS to achieve portal decompression as means of



Manzano-Nunez et al. World Journal of Emergency Surgery

mitigating the risks associated with PH. Preoperative TIPS
to achieve portal decompression was defined as TIPS cre-
ated in anticipation to surgery either as a prophylactic
strategy or to treat a liver-related event (LRE) in progress
at the time when surgery was planned/scheduled.

Outcomes

The outcomes of interest in this systematic review were:
1. Surgery following preoperative TIPS (# of patients who
underwent surgery as planned following the preoperative
TIPS procedure), 2. Mortality, 3. Perioperative transfu-
sions requirements, and 4. Postoperative liver-related
events (LRE). We intended to collect data on the follow-
ing postoperative LREs (if available from primary stud-
ies): ascites, hepatic encephalopathy, portal hypertensive
bleeding and acute on chronic liver failure (ACLF). We
also registered the timeframe from TIPS to surgery and if
the surgical procedure was elective or emergent.

Search methods
An electronic database search strategy of the available
literature was performed following experts’ recommen-
dations. In addition, the literature search was planned
according to the iterative process recommended by
librarians from the National University of Singapore [11].
The literature search was performed in MEDLINE and
Scopus from inception to 28 August 2022. The search
included keywords related to the population/patients of
interest (cirrhotic patients requiring surgical procedures)
and the intervention of interest (TIPS). The electronic
database searching was complemented by a snowball
scanning of the references cited in the included studies.
Complete electronic search strategies are available in the
Additional file 1.

Study selection

Results from the electronic search strategies were
imported into Ryyan [12]. Then, titles and abstracts were
initially screened by two authors (RM and JC) blindly and
independently. In the title and abstract screening phase,
potential articles were selected based on the inclusion
and exclusion criteria previously defined. Articles that
appeared relevant during the initial screening phase of
the study were retrieved as full texts and subsequently
reviewed by two authors (RM and JC), who blindly and
independently applied inclusion and exclusion criteria to
full texts for final eligibility and inclusion.

When two articles appeared to be reporting data from
overlapping populations (i.e., different papers reporting
data from the same population or the exact center/hospi-
tal during overlapping periods), the publication with the
larger sample size or greater/deepest data granularity was
selected for inclusion.
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Data collection
The full texts finally selected were reviewed in detail
to collect data relevant to the topic of this SR. Data
were extracted as reported in the selected studies and
imported into a pre-designed data collection form,
in which the following data were registered: authors,
year of publication, region/hospital of origin, study
type, recruitment period, number of patients, relevant
demographic and clinical data, TIPS procedure charac-
teristics, conditions requiring surgery, type of surgery
performed (elective or emergent), cirrhosis etiology
and Child—Pugh class. Relevant perioperative data, the
timing between TIPS and surgery and outcomes data
was collected.

In addition, each study’s objectives were extracted as
reported in the included studies, and this information
was documented in the Additional file 1: Table S1.

Risk of bias: critical appraisal

Different tools were used to appraise the studies and
critically evaluate their risk of bias. For case series and
comparative studies, we used the methodological index
for non-randomized studies (MINORS) tool to assess
their quality and internal validity [13]. MINORS criti-
cally appraises non-randomized studies across eight
methodological domains in cases of observational studies
without a comparison group (i.e., case series). For com-
parative studies, four additional items are evaluated. Each
item in the MINORS tool was scored as 0: if not reported
(Red: high risk of bias); 1: reported but inadequate (Yel-
low: unclear risk of bias); and 2: reported and adequate
(Green: low risk of bias). The methodological quality of
case reports was critically appraised through the Joanna
Briggs Institute (JBI) critical appraisal tool for case
reports. The results of the appraisal of research evidence
are presented in detail in the Additional file 1: Figs. S1
and S2.

Data synthesis: meta-analysis

The information collected from each study was summa-
rized descriptively to chart the available literature. When
available, we extracted data from comparative studies on
the outcomes of interest: mortality and LREs. First, the
number of individuals who did and did not experience
the outcome in the treatment and control groups of each
study was extracted into a 2 x 2 table. Then, a DerSimo-
nian and Laird random-effects meta-analysis was per-
formed to assess the overall outcomes of TIPS compared
to non-TIPS groups. Heterogeneity was evaluated using
the I test. An I*>75% revealed high heterogeneity. All
analyses were performed in Stata statistical software.
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Results

Electronic database searching found 564 records (titles
and abstracts), of which 25 were eligible for inclusion
in this SR. In the full-text review, three studies were
excluded, leaving 22 articles for inclusion. After conduct-
ing a snowball scanning of the references cited in these
22 articles, five additional references were found. There-
fore, twenty-seven articles were finally included in the
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SR [14-40]. Of these, four were comparative studies, of
which three were evaluated as appropriate to combine in
meta-analyses [19, 37, 40]. Figure 1 shows the PRISMA
diagram for the selection of the studies.

Characteristics of the included studies
As shown in Table 1, the 27 articles included in this SR
were published between 1995 and 2022. Of these, eleven

[ Identification of studies ]
_E Records removed before
® Records identified from (564 ): screening:
5.% Scopus (n=321) —> Duplicate records removed
€ MEDLINE (n=243) (n=224)
3
A 4
Records screened »| Records excluded
(n=340) (n=315)
A4
Reports sought for retrieval Reports not retrieved
= (n=25) (n=0)
=
@
e
A v
Reports assessed for eligibility Reports excluded:
(n= 25) ’
-Repeated/overlapping
populations (n=2)
l -TIPS to treat varices from
portal hypertension (n=1)
Snowball scanning of the
references cited in the 22
remaning articles (n=5)
K]
= Studies included in the review
© (n=27)
=
Studies included in the meta-
analysis (n=3)

Fig. 1 PRISMA flow diagram
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recruited participants are from the USA. Fifteen were
from Europe: Italy (n=4), France (n=4), UK (n=4),
Spain (n=2), and Germany (n=1); the remaining study
was from Canada. More than half (=15, 55%) of the
articles were case reports, eight (30%) were case series,
and four (15%) were comparative studies.

Additional file 1: Table S1 presents each study’s objec-
tives. This information reveals that the studies were
homogeneous regarding the populations and the aims for
which TIPS were created. In all studies, TIPS was placed
as a preoperative adjunct to achieve portal decompres-
sion under the assumption that portal pressure reduction
would diminish the risk of intraoperative and postopera-
tive complications.

Characteristics of participants

The studies in this SR recruited 426 patients. Of these
patients, 264 underwent perioperative TIPS creation.
The remaining patients were controls without TIPS, of
which 15 were reported in a case series of patients with
refractory ascites and hernia requiring surgery. However,
no comparisons were made between groups in this case
series [38]. Of note, in two studies reporting data from
27 patients with TIPS, eight subjects (n = 8) underwent
postoperative TIPS creation, immediately after surgery.
Therefore, 256 patients underwent preoperative TIPS to
achieve portal decompression in anticipation of surgery.

As shown in Table 1, most patients were near or at the
age to be classified as “senior adults” (60 years and above)
and had cirrhosis of different etiologies, of which alcohol-
related cirrhosis was the most frequent.

Additional file 1: Table S2 overviews portal hyper-
tension features (including HVPG) and LREs. Overall,
patients had clinical signs of clinically significant portal
hypertension by either documented endoscopic proof
of esophageal varices or previous episodes of variceal
bleeding (see Additional file 1: Table S2 for detailed data).
Moreover, 23 studies reported a history of a previous
LRE, reflecting a high burden of decompensated cirrhosis
in the included studies.

As mentioned above, 256 patients underwent pre-
operative TIPS, but not all TIPS insertions were per-
formed pre-emptively to surgery. Of these patients, 70%
(n=179) underwent preoperative TIPS placement in a
bridge to surgery. In contrast, 77 underwent preopera-
tive TIPS placement as a therapeutic tool for an LRE that
was present/in progress when surgery was schedule/
planned, most commonly ascites and/or variceal bleeding
(Table 1). Information regarding the type of stent used
for TIPS creation was available in 12 studies. The use of
a non-covered (Wallstent®) and an expanded polytetra-
fluoroethylene (ePTFE)-covered stent (Viatorr®) were
reported in 6 and 3 studies, respectively. The remaining
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three studies reported using both types of stents (either
Wallstent® or Viatorr® stent). The proportion of patients
using one or another stent type was not available.

The conditions requiring surgery and the surgical
interventions performed are detailed in Table 1. Also, as
shown in Fig. 2, there were abdominal, thoracic, gyneco-
logic, and vascular/endovascular procedures performed
with preoperative TIPS. Tumor resection surgery was the
most common, followed by non-oncologic gastrointesti-
nal procedures, including hernia repair. In addition, there
were cases of aortic aneurysm repair (n=2), aortic valve
replacement (n=3), and coronary artery bypass (n=2).

Risk of bias

The results of the methodological quality assessment of
the studies included in this SR are available in the Addi-
tional file 1: Figs. S1 and S2.

Overall, the case series and comparative studies were at
risk of selection bias due to their retrospective nature and
biased evaluation of endpoints. However, most of them
presented a clearly stated aim and defined appropriate
endpoints to the study’s aims. Regarding the comparative
studies included in the MA, the intervention and com-
parison groups were contemporary, and it was likely that
the groups had baseline equivalence.

The more common methodological pitfalls found
across studies were the absence of prospectively collected
data and the issues associated with study endpoints’ defi-
nition and evaluation. Also, in four studies, it was unclear
whether the follow-up period was appropriate for the
captured and reported outcomes (see Additional file 1:
Fig. S1).

Outcomes and meta-analysis

Surgery attainment/execution after TIPS was reported
in 231 (90%) out of the 256 patients that underwent pre-
operative TIPS. From the 231 surgical procedures per-
formed with preoperative TIPS, 38 (16%) were classified
as emergency surgeries.

Four studies had control group data. However, one
study [15] included seven patients that underwent perio-
perative TIPS in the postoperative period. This study was
not considered for MA. In the remaining three compara-
tive studies, patients who underwent preoperative TIPS
were compared to controls with cirrhosis who underwent
surgery without TIPS. Relevant clinical and outcome data
from these articles are available in Table 2.

Random effects MA showed significantly lower odds
of postoperative ascites if preoperative TIPS was cre-
ated (2 studies: OR=0.40, 95% CI 0.22-0.72; 12=0%)
(Fig. 3). We acknowledge that the data combined for the
MA of ascites came from studies that used propensity
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Fig. 2 Types and percentages of surgical interventions performed

score matching techniques as the method for selecting
controls.

In contrast, random effects MA (Fig. 4) found no
significant differences in 90-day mortality (3 studies:
OR=0.76, 95% CI 0.33-1.77; 12=18.2%) (Fig. 4a), perio-
perative transfusion requirement (3 studies: OR=0.89,
95% CI 0.28-2.84; 12=70.1%) (Fig. 4b), postoperative
hepatic encephalopathy (2 studies: OR=0.97, 95% CI
0.35-2.69; 12=0%) (Fig. 4c) and postoperative ACLF (3
studies: OR=1.02, 95% CI 0.15-6.8, I12="78.9%) (Fig. 4d).

Discussion

This meta-analytic review assessed the outcomes of cir-
rhotic patients that underwent surgery with preoperative
TIPS as an adjunct to decompress the portal system. Only
studies reporting observational data were found. Three
key points can be extracted from our work: first, it is fea-
sible to deploy TIPS as a bridge to surgery as it appears
not to jeopardize the attainment/execution of surgical
procedures. The data shows that 90% of patients who
underwent preoperative TIPS attained/achieved surgery.
Second, different types of operations were performed
with preoperative TIPS and no differences in LREs were
found. Therefore, and acknowledging that available data
are limited, it appears that the type of procedure should
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Page 13 0f 18

I 12,1
I 26,4
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not be considered a contraindication to offer surgery to
cirrhotic patients with PH, even in cases where emer-
gency surgery is needed. And third, the preoperative
decompression of the portal circulation through TIPS
may have a beneficial effect on the occurrence of postop-
erative ascites. However, we found no significant effect of
preoperative TIPS on other outcomes such as periopera-
tive transfusions, and postsurgical liver events other than
ascites, i.e., hepatic encephalopathy, ACLF, and mortality.

The data assembled show that TIPS can be success-
fully deployed or performed in a variety of surgical pro-
cedures and settings across multiple surgical specialties/
disciplines. As shown in Fig. 2, abdominal, thoracic,
gynecologic, and vascular/endovascular procedures were
all performed with preoperative TIPS. Tumor resection
surgery was the most common procedure, followed by
non-oncologic gastrointestinal procedures such as her-
nia repair. In addition, there were cases of aortic aneu-
rysm repair, aortic valve replacement, and coronary
artery bypass in which TIPS was utilized. While further
research is needed to fully understand the effect of TIPS
on surgical and postoperative outcomes, surgeons should
consider the use of TIPS as a potential tool in the surgical
management of cirrhotic patients, including emergency
and surgical rescue situations [41]. As such, it should be
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included in the armamentarium of surgeons practicing in

of TIPS. Effective communication between the surgeon,
interventional radiologist, and hepatologist is also essen-

these settings and should also be included in the research
agenda of general and emergency surgeons worldwide. It
is important to note, however, that the use of TIPS should
be restricted to centers with a high volume of cases and a
demonstrated expertise in the preoperative deployment

tial for the achievement of optimal outcomes.

We found that preoperative TIPS resulted in lower
odds of postoperative ascites after combining data
derived from propensity score matching techniques
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in a random-effects meta-analysis. This is not surpris-
ing as TIPS directly acts on the main driver of ascites
occurrence by decompressing the hepatic sinusoids
and reducing portal pressure. Although no randomized
studies have been performed for TIPS in perioperative
medicine, preoperative TIPS may protect an already
exhausted liver vascular structure unprepared to tol-
erate the pathophysiological changes that occur as a
stress response to surgery [5]. The effects of TIPS could
be of greater significance in patients requiring longer
or more invasive surgeries as these procedures elicit
greater stress responses. However, further prospective
(and particularly randomized) studies are required to
validate our findings regarding postoperative outcomes
in patients undergoing preoperative TIPS. These studies
should also evaluate if preoperative TIPS could reduce
the hospital cost derived from postoperative ascites care
and other liver-related events.

In contrast to the role that preoperative TIPS may
have in reducing the odds of postoperative ascites, our
analyses found no differences in mortality, periopera-
tive transfusions, hepatic encephalopathy, and ACLFE.
Since the studies included in our MA are retrospective,
there would be an unavoidable selection bias, where both
TIPS candidates and those cirrhotic patients that did not
underwent to a TIPS creation had a preserved liver func-
tion that would impact directly in the risk of developing
an LRE during and after the surgery.

In our opinion, future studies should be focused on
three priorities: 1. To assess the effectiveness of preop-
erative TIPS in randomized clinical trials, as mentioned
above, and specifically if there are reduced costs result-
ing from less postoperative ascites, 2. To assess the fac-
tors associated with not achieving/attaining surgery
after preoperative TIPS and, 3. To identify predictors
of postoperative liver decompensation in patients who
underwent surgery with preoperative TIPS. Specifically,
is there a role for determining hepatic venous pressure
gradient in the perioperative care of cirrhotic patients
undergoing major surgery, and the predictive perfor-
mance of noninvasive tests for postoperative outcomes.
Moreover, given the well-known advantages of PTFE-
covered stent grafts in terms of hepatic encephalopa-
thy and survival [42], future research should also assess
whether the prophylactic use of these endoprostheses
positively impacts the outcomes of patients undergoing
elective or emergency surgery. These data may inform
decision-making and clinical guidelines development.
Meanwhile, preoperative TIPS should be employed cau-
tiously in well-selected patients and performed by teams
with experience in the procedure and demonstrated
high-case volume.
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Limitations

This report has limitations, and the results should be
interpreted in the context of the study design. First, the
meta-analysis was based on observational data, thereby
making it prone to meta-bias [43] and limiting the appli-
cability of its results. Second, certain relevant data were
not systematically reported in most studies and thus,
could not be analyzed in our SR+MA, i.e., Child—Pugh
and MELD scores of patients before undergoing TIPS,
underlying cause of cirrhosis, hepatic venous pressure
gradient, or specifics on LRE after surgery. To overcome
the heterogeneity in outcome reporting, future surgi-
cal research studies evaluating the effect of preopera-
tive TIPS in patients with advanced liver disease should
include a core outcome set [44] to help guide the appro-
priate standardization and reporting of outcomes rel-
evant to health professionals, patients, and health care
efficiency.

Third, although a number of articles were reviewed
encompassing different study designs, outcomes, and
settings, there was a notable lack of solid comparative
effectiveness-oriented studies, including randomized con-
trolled clinical trials, of which we could not find any. This
might be because preoperative TIPS is still considered an
unusual procedure as, unfortunately, no randomized trials
have been performed in this setting, thus, diminishing the
odds of implementing it into clinical practice.

Despite its limitations, this study synthesized data from
the available literature to assemble a range of examples
of what happened when TIPS was implemented and used
as a preemptive preoperative adjunct in different surgical
scenarios. Therefore, the results presented herein should
serve as the starting point for more detailed investiga-
tions focusing on assessing the effectiveness of preopera-
tive TIPS from randomized studies. Hence, this report
should not be used to implement changes in clinical
practices. Instead, these results should inform research
endeavors on the same matter. Endeavors in which emer-
gency general surgeons [45] could play a fundamental
role in advancing the field of endovascular emergency
procedures worldwide [46].

Conclusion

Preoperative TIPS appears to be safe in cirrhotic patients
with PH who undergo elective and emergency surgery
and may have a role in postoperative ascites control.
Since available evidence to date is insufficient to provide
any recommendation of the TIPS role in this setting, our
results underscore the unmet need for prospective ran-
domized studies to elucidate the effect of preoperative
TIPS on liver outcomes and mortality after surgery in cir-
rhotic patients.
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Abbreviations

SR Systematic review

MA Meta-analysis

PH Portal hypertension

HVPG Hepatic venous pressure gradient (HVPG),

TIPS Transjugular intrahepatic portosystemic shunt

LRE Liver-related events

ACLF Acute on chronic liver failure

MINORS  Methodological index for non-randomized studies
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