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Background & Aims: Cirrhosis is associated with an increased surgical morbidity and mortality. Portal hypertension and the
surgery type have been established as critical determinants of postoperative outcome. We aim to evaluate the hypothesis that
preoperative transjugular intrahepatic portosystemic shunt (TIPS) placement in patients with cirrhosis is associated with a
lower incidence of in-house mortality/liver transplantation (LT) after surgery.

Methods: A retrospective database search for the years 2010-2020 was carried out. We identified 64 patients with cirrhosis
who underwent surgery within 3 months after TIPS placement and 131 patients with cirrhosis who underwent surgery
without it (controls). Operations were categorised into low-risk and high-risk procedures. The primary endpoint was in-house
mortality/LT. We analysed the influence of high-risk surgery, preoperative TIPS placement, age, seX, baseline creatinine,
presence of ascites, Chronic Liver Failure Consortium Acute Decompensation (CLIF-C AD), American Society of Anesthesiol-
ogists (ASA), and model for end-stage liver disease (MELD) scores on in-house mortality/LT by multivariable Cox proportional
hazards regression.

Results: In both the TIPS and the control cohort, most patients presented with a Child-Pugh B stage (37/64, 58% vs. 70/131,
53%) at the time of surgery, but the median MELD score was higher in the TIPS cohort (14 vs. 11 points). Low-risk and high-risk
procedures amounted to 47% and 53% in both cohorts. The incidence of in-house mortality/LT was lower in the TIPS cohort
(12/64, 19% vs. 52/131, 40%), also when further subdivided into low-risk (0/30, 0% vs. 10/61, 16%) and high-risk surgery (12/34,
35% vs. 4270, 60%). Preoperative TIPS placement was associated with a lower rate for postoperative in-house mortality/LT
(hazard ratio 0.44, 95% CI 0.19-1.00) on multivariable analysis.

Conclusions: A preoperative TIPS might be associated with reduced postoperative in-house mortality in selected patients
with cirrhosis.

Impact and implications: Patients with cirrhosis are at risk for more complications and a higher mortality after surgical
procedures. A transjugular intrahepatic portosystemic shunt (TIPS) is used to treat complications of cirrhosis, but it is unclear
if it also helps to lower the risk of surgery. This study takes a look at complications and mortality of patients undergoing
surgery with or without a TIPS, and we found that patients with a TIPS develop less complications and have an improved
survival. Therefore, a preoperative TIPS should be considered in selected patients, especially if indicated by ascites.

© 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
Cirrhosis is associated with an increased surgical morbidity and
mortality. The Child-Pugh score was developed for the purpose of
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surgical risk assessment and has stood the test of time."* The
model for end-stage liver disease (MELD) score has further
improved preoperative risk stratification.> Impaired organ func-
tion and portal hypertensive complications as integral compo-
nents of these scores have widely been accepted to determine poor
outcome. Importantly, portal hypertension itself as measured by
the hepatic venous pressure gradient (HVPG) has only recently
been identified as an independent predictor of postoperative
mortality in patients undergoing hepatic* and extrahepatic® sur-
gery. Additionally, high-risk (or major) and emergency surgery
have emerged as critical determinants of an unfavourable
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postoperative outcome.>”~® These observations have led to the
development of the Veterans Outcomes and Costs Associated with
Liver Disease (VOCAL) Penn score,® which provides an improved
risk prediction for 30-day mortality in patients with cirrhosis
undergoing surgery, considering both the status of liver disease
and risks inherent to specific types of surgery.

Transjugular intrahepatic portosystemic shunt (TIPS) place-
ment can correct portal hypertension and has emerged as the
treatment of choice in patients with cirrhosis with recurrent and
refractory ascites.!® The concept of prophylactic preoperative
portal decompression by a TIPS to prevent morbidity and mor-
tality of surgery was proposed by Haskal et al."" already in 1994,
shortly after its introduction into clinical practice.!” However, data
on preoperative TIPS placements are still sparse, partly contra-
dictory, and mainly consist of case reports,”>~'® case series'®~'°
(Table S1), and two summary articles.’?! An undeniable report-
ing bias is inherent to these reports, and considering the lack of
control groups, no real conclusion can be drawn regarding the
clinical effect of a preoperative TIPS placement. So far, four
retrospective studies have been published that also incorporated
control groups, but with different study designs, endpoints, and
conflicting results. The inclusion of patients in different stages of
hepatic decompensation and various types of surgery may cloud
the effect of a preoperative TIPS on postoperative outcome.
Therefore, our present observational study incorporates a large
control group of cirrhosis patients undergoing surgery without a
TIPS and stratifies for low-risk and high-risk surgery. We aim to
evaluate the hypothesis that preoperative TIPS placement in pa-
tients with cirrhosis is associated with a lower incidence of in-
house mortality/liver transplantation (LT) after surgery.

Patients and methods

Patients

This retrospective single-centre study was approved by the
local ethics committee (Ethikkommission Arztekammer
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Hamburg, Germany, references PV5580 and PV3548) in
accordance with the principles of both the declarations of
Helsinki and Istanbul. The necessity to obtain written
informed consent was waived because of the retrospective
study design.

Patients with cirrhosis undergoing surgery with or without
prior TIPS placement between 2010 and 2020 were identified by
screening of our in-house TIPS registry and a clinical database
search based on the encoding of the surgical catalogue and the
International Statistical Classification of Diseases and Related
Health Problems, 10th edition (ICD-10). For the TIPS cohort, we
included both patients who had received a TIPS because of an
upcoming surgery as the main indication for its placement, as
well as patients who had received a TIPS to control ascites or
variceal bleeding and later underwent surgery that was not
anticipated at the time of TIPS placement. However, to reflect the
main concept of a prophylactic TIPS placement, patients were
excluded from the final analysis if: (i) surgery took place >90
days after TIPS placement, (ii) surgery was required as a result of
TIPS procedure-related complications, (iii) only minor surgery
was performed for which a preoperative TIPS placement would
not have been discussed (e.g. catheter implantations), and (iv)
TIPS placement was carried out between two consecutive sur-
gical procedures.

For the control cohort, patients were excluded from the final
analysis if: (i) surgery was related to hepatocellular carcinoma,
(ii) surgery was performed in patients who had undergone
previous LT, (iii) only minor surgery was carried out (catheter
implantation), or (iv) data yield was insufficient.

For all patients, clinical, histological and radiological criteria
were used to define cirrhosis. Patients who did not meet reliable
criteria for cirrhosis were excluded.

In total, 233 patients undergoing surgery with or without a
TIPS were identified. In the TIPS cohort, 15 of 79 patients did not
enter the final analysis according to exclusion criteria, resulting
in a final cohort of 64 patients. In the control cohort, 23 of 154

Screening of in-house TIPS registry and hospital database search
2010-2020

l

Identification of 233 liver cirrhosis patients undergoing surgery with or
without prior TIPS-placement

l

TIPS cohort: n = 79 patients

+ Surgery >90 days post-TIPS: n =2

+ Surgery due to TIPS-procedure
related complications: n =5

* Minor surgery
(catheter implantations): n =5

* TIPS-placement between two
consecutive surgical procedures: n = 3

Final analysis: n = 64

l

Control cohort: n = 154 patients

« Surgery related to HCC: n =3

= Surgery after previous liver
transplantation: n = 1

« Minor surgery (catheter implantations):
n=7

« Insufficient data yield: n = 12

Final analysis: n = 131

Fig. 1. Flowchart of patients included in the study. Following database search, 64 patients undergoing surgery with a TIPS and 131 patients undergoing surgery
without a TIPS were included in the final analysis. HCC; hepatocellular carcinoma; TIPS, transjugular intrahepatic portosystemic shunt.
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patients were excluded, resulting in a final cohort of 131 patients
(Fig. 1).

Data collection and endpoints

The electronic medical records of all patients were searched to
obtain detailed preoperative baseline demographic and labora-
tory data, and a detailed history of the postoperative course. For
the TIPS cohort, pre-TIPS laboratory values, pre-TIPS echocardi-
ography results and invasive pressure measurements were also
recorded. The preoperative risk stratification according to the
American Society of Anesthesiologists (ASA) score, the classifi-
cation as emergency or elective surgery, and intraoperative
procedural details were retrieved from the surgical and anaes-
thesiologic report. The presence of relevant ascites at the time of
surgery was defined by ultrasound and clinical findings and by
the need for paracentesis.

Operations were categorised into low-risk and high-risk
procedures in accordance with the published literature,®
considering size of tissue trauma during surgery and level of
urgency. In short, low-risk procedures encompassed elective
orthopaedic operations, abdominal wall operations including
incarcerated hernias without intestinal resection (hernia repair),
minimally invasive laparoscopic and thoracoscopic operations
and minor peripheral operations. High-risk procedures were
defined as emergency orthopaedic operations and open thoracic
and abdominal operations. When in doubt, the classification into
low-risk or high-risk surgery was based on a consensus decision
following discussion by multiple members of the study team (JV,
JKG, FP, JK). The VOCAL Penn score was calculated for patients
with (i) availability of complete datasets required for the score
calculation who (ii) underwent operations for which the score
was developed. Thus, minor peripheral operations, spine surgery,
and oesophagectomies were excluded for not fitting into any of
the six predefined categories of the score. Only the 30-day
mortality prediction was analysed. The score calculation was
available for 47 patients in the TIPS cohort and 100 patients in
the control cohort.

The primary endpoint of this study was the incidence of in-
house mortality and in-house LT. Secondary endpoints
included: (i) intraoperative amount of blood and coagulation
products transfused, (ii) postoperative amount of blood and
coagulation products transfused, (iii) ongoing necessity and
duration of catecholamine treatment and mechanical ventilation
after surgery, (iv) occurrence of complications such as renal and
liver failure, haemorrhage, infections, hepatic encephalopathy,
the necessity for revision surgery, and (v) length of stay in the
intensive care unit (ICU).

Statistical analysis

Descriptive statistics were performed for all variables. For
continuous data, median values with the 0.25- and 0.75-quartile
were calculated, for categorical data, percentages and counts are
reported. A multivariable Cox proportional hazards model was
applied to identify predictors of the primary endpoint, in-house
mortality/LT. In patients who were discharged from hospital
alive, the date of discharge, or last follow-up alive was integrated
in the model. Covariates included in this analysis were selected
according to the literature or if considered clinically relevant for
the postoperative course. Thus, age, sex, baseline creatinine
levels, presence of relevant ascites at the time of surgery, Chronic
Liver Failure Consortium Acute Decompensation (CLIF-C AD)
score, ASA score, MELD score, prior TIPS placement and the type
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of surgery (low risk vs. high risk) were included. For this model,
the natural logarithm of baseline creatinine was used, as other-
wise the linearity assumption did not hold. The proportional
hazard assumption was checked graphically via Schoenfeld re-
siduals and the linearity assumption for continuous predictors
via martingale residuals. Missing values were not imputed and
no adjustment for multiple testing was conducted. Secondary
endpoints were compared descriptively. Figure design and sta-
tistical testing was carried out using SPSS Version 25 (IBM Corp.,
Armonk, NY, USA) and R Version 4.1.2 (The R Foundation for
Statistical Computing, Vienna, Austria).

Results

Pre-TIPS work up

The main indication for TIPS placement in this cohort was pro-
phylaxis of complications from anticipated surgery (26/64 pa-
tients, 41%, Tables S2 and S3), followed by refractory ascites (24/
64 patients, 38%). In 6/64 patients (9%), the TIPS was implanted
as an urgent pre-emptive treatment after variceal haemorrhage.
Fourteen of 64 patients (22%) showed no or only mild signs of
portal-hypertensive complications at TIPS implantation. Before
TIPS placement, the median MELD score amounted to 13.0 (10.0,
17.0) points. Echocardiography excluded relevant cardiac
impairment. The portosystemic pressure gradient (PSPG) was
reduced from a median of 23.0 (20.0, 26.0) to 8.0 (7.0, 12.0)
mmHg by TIPS. Table S3 provides details on patient character-
istics, laboratory, and echocardiographic results, as well as
invasive pressure measurements for the TIPS cohort.

Baseline characteristics and surgical details

Both patient cohorts were comparable regarding age and sex,
with an overall predominance of middle-aged males (42/64 pa-
tients, 66% in the TIPS cohort vs. 80/131 patients, 61% in the
control cohort, Table 1). The most common aetiology in both
cohorts was alcohol-related liver disease. Cirrhosis-associated
complications occurred more frequently in the medical history
of TIPS patients, including episodes of spontaneous bacterial
peritonitis, hepatorenal syndrome, hepatic encephalopathy, and
gastrointestinal bleeding. However, most patients in both co-
horts were classified as Child-Pugh B at the time of surgery (37/
64 patients, 58% in the TIPS cohort vs. 70/131 patients, 53% in the
control cohort, Table 1).

Surgery was performed a median of 28 (11, 57) days after TIPS
placement (Table 2). Relevant ascites at the time of surgery was
present in 33/64 patients (52%) in the TIPS cohort and in 69/131
patients (53%) in the control cohort.

The laboratory work up before surgery showed a higher MELD
score in the TIPS cohort (14.0 [11.0, 17.8] vs. 11.0 [8.0, 16.0] points,
respectively), whereas the CLIF-C AD score (49.5 [45.0, 57.0] vs.
51.0 [45.5, 59.0] points) and Child-Pugh score (7.0 [7.0, 9.0] vs. 7.0
[6.0, 9.0]) was similar between groups. Importantly, in the TIPS
cohort, when comparing the laboratory work up before TIPS
placement to the one before surgery, albumin levels decreased
from 26.0 (20.4, 28.0) to 22.0 (19.0, 27.0) g/L, while bilirubin
levels increased from 1.3 (0.9, 2.4) to 2.1 (1.1, 3.5) mg/dl, which
also resulted in a higher MELD score (13.0 [10.0, 17.0] points pre-
TIPS vs. 14.0 [11.0, 17.8] points before surgery; compare Table S3
and Table 2 for details).

In both cohorts, most patients were assessed with an ASA
score of III or IV at the time of surgery. The distribution of low-
risk and high-risk procedures amounted to 47% and 53%,
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Table 1. Baseline characteristics.
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Baseline characteristics

TIPS cohort (n = 64

Control cohort (n = 131)

Sex: male/female (n, %)
Age (years)
BMI (kg/m?)
Aetiology (n, %)
ALD
Viral
NASH
PBC/PSC/AIH
Cryptogenic and other
Child-Pugh score A/B/C/n.a. (n, %)
History of SBP (n, %)
History of HRS (n, %)
History of HE (n, %)
History of GI bleeding (n, %)
Variceal size 0/1/1I/Ill/n.a. (n, %)
Red spots: yes/no/unknown (n, %)
NSBB treatment (n, %)

55.5 (48.0, 63.0
26.0 (22.6, 29.0)

)
42 (66)[22 (34)
)

38 (59)
11 (17)
3(5)
8 (13)
4(6)

14 (22)/37 (58)/12 (19)/1 (2)

11 (17)
19 (30)
26 (41)
29 (45)

9 (14)/15 (23)/17 (27)/7 (11)/16 (25)
13 (20)/25 (39)/26 (41)

n.d.

80 (61)/51 (39)
63.0 (54.0, 72.0)
263 (227, 318)

38 (29)

28 (21)

16 (12)

11 (8)

38 (29)

37 (28)/70 (53)/18 (14)/ (5)

2 (10)

9 (15)

19(15)

26 (20)

42 (32)/31 (24)/17 (13)/4 (3)/37 (28)
13 (10)/55 (42)/63 (48)
27 (21)

Data are shown as counts and percentages as indicated or median values with the 0.25- and 0.75-quartile. Baseline characteristics were similar between the two cohorts.
AIH, autoimmune hepatitis; ALD, alcohol-related liver disease; GI, gastrointestinal; HE, hepatic encephalopathy; HRS, hepatorenal syndrome; n.a., not available; NASH, non-
alcoholic steatohepatitis; NSBB, non-selective beta-blockers; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; SBP, spontaneous bacterial peritonitis; TIPS,

transjugular intrahepatic portosystemic shunt.

Table 2. Baseline work up before surgery.

Medical history

TIPS cohort (n = 64)

Control cohort (n = 131)

Median time interval TIPS placement-surgery (days)
Relevant ascites present at time of surgery: yes/no/n.a. (n, %)
Clinical signs of hepatic encephalopathy: yes/no/n.a. (n, %)

28 (11, 57)
33 (52)/31 (49)/0 (0)
12 (19)/51 (80)/1 (2)

69 (53)/60 (46)/2 (23
14 (11)/117 (89)/0 (0)

Laboratory values

Bilirubin (mg/dl)

AST (U/L)

ALT (U/L)

g-GT (U/L)

ALP (U/L)

Albumin (g/L)

Platelets (1,000/pul)

INR

Fibrinogen (g/L)

Potassium (mmol/L)

Sodium (mmol/L)

Creatinine (mg/dl)

C-reactive protein (mgj/L)

White blood cell count (1,000/ul)
MELD score

Child-Pugh score (points)
Child-Pugh score A/B/C/n.a. (n, %)
CLIF-C AD score

21 (11, 3,5)

62.0 (37.0, 85.0)
32.0 (20.1, 58.3)
91.0 (59.0, 212.0)
135.0 (101.5, 215.0)
22.0 (19.0, 27.0)
106 (78, 160)

13 (12, 14)

2.9 (23,3.9)

41 (38, 42)

139 (135, 140)

110 (0.72, 1.38)

16.0 (5.0, 29.0)

7.7 (4.8, 10.6)

140(110 17.8)

0 (7.0, 9.0)
(22)/37(58)/12 (19)/1 (2)
49.5 (45.0, 57.0)

13 (0.7, 2.0)

43.0 (31.0, 67.5)
26.0 (19.0, 42.0)
116.0 (58.0, 219.0)
115.0 (81.0, 174.0)
25.0 (20.0, 32.0)
143 (88, 222)

12 (11, 1.4)
32(23,3.7)

41 (38, 4.4)

138 (135, 141)
1.00 (0.8., 1.30)
13.3 (4.0, 78.3)

7.2 (4.8, 12.4)

11.0 (8.0, 16.0)

7.0 (6.0, 9.0)

37 (28)/70 (53)/18 (14)/6 (5)
51.0 (45.5, 59.0)

Surgery details

ASA score II/III/IV/V/n.a. (n, %)

Elective/emergency surgery (n, %)

Low-risk procedures (n, %)
Elective orthopaedic surgery
Hernia repair
Laparoscopic interventions
Other

High-risk procedures (n, %)
Emergency orthopaedic surgery
Thoracotomy
Open abdominal surgery
Other

Surgery duration (min)

2 (3)/39 (61)/19 (30)/2 (3)/2 (3)
41 (64)[23 (36)

30 (47)

6 (20)

9 (30)

4(13)

11 (37)

34 (53)

1(3)

5 (15)

27 (79)

1(3)

120 (89, 246)

9 (7)/73 (56)/30 (23)/0 (0)/19 (15

)

74 (56)[57 (44)
61 (47)

4(7)

113 (73, 195)

Data are shown as counts and percentages as indicated or median values with the 0.25- and 0.75-quartile. Patients in the TIPS cohort presented with a relevantly higher MELD
score. Low-risk and high-risk procedures were equally distributed between cohorts.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; ASA, American Society of Anesthesiologists; AST, aspartate aminotransferase; CLIF-C AD, Chronic Liver Failure
Consortium Acute Decompensation; g-GT, gamma-glutamyltransferase; INR, international normalised ratio; MELD, model for end-stage liver disease; n.a., not available; TIPS,

transjugular intrahepatic portosystemic shunt.
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respectively, in both groups (Table 2). However, although the
most common low-risk surgery in the TIPS cohort was hernia
repair (9/30 operations, 30%) followed by elective orthopaedic
operations (6/30, 20%), the most common low-risk surgery in the
control cohort were laparoscopic interventions (28/61, 46%) fol-
lowed by hernia repair (22/61, 36%). In both cohorts, open
abdominal surgery was the most frequent high-risk surgery (27/
34, 79% in the TIPS cohort vs. 61/70, 87% in the control cohort).

Lower incidence of postoperative complications and in-house
mortality/LT in the TIPS cohort

Consistent with the similar distribution of low-risk and high-risk
procedures between the two cohorts, the median duration of
surgery was also comparable (120 [89, 246] min in the TIPS
cohort vs. 113 [73, 195] min in the control cohort, Table 2).
Intraoperative patient management did not differ between
groups regarding transfusion requirements (Table 3). However,
there were relevant differences in the secondary endpoints
evaluating the postoperative management: in the TIPS cohort,
patients required blood and coagulation product substitution
less frequently (29/64 patients, 45% vs. 75/131 patients, 57% and
10/64 patients, 16% vs. 56/131 patients, 43%, respectively) and in
lower amounts (median of 3.0 [1.0, 9.5] vs. 6.0 [2.0, 17.3] units of
blood and 3.5 [1.8, 11.5] vs. 8.0 [4.0, 29.0] units of coagulation
products). Moreover, catecholamine treatment and post-
operative intubation were required less frequently and for
shorter periods (Table 3). Although postoperative renal

Table 3. Complication management and postoperative outcome parameters.
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replacement therapy was necessary in a similar percentage of
patients in both cohorts, other complications that were assessed,
such as hepatic encephalopathy (14/64, patients 22% vs. 43/131
patients, 33%), liver failure (11/64 patients, 17% vs. 46/131 pa-
tients, 35%), and sepsis (12/64 patients, 19% vs. 54/131 patients,
41%) occurred more frequently in the control cohort. Most
strikingly, only 10/64 patients (16%) in the TIPS cohort suffered
from bleeding complications, compared with 52/131 patients
(40%) in the control cohort, with bleeding almost exclusively
occurring within the surgical area in both cohorts (90% vs. 85%,
respectively). Therefore, revision surgery was also performed
less frequently in the TIPS cohort (17/64 patients, 27% vs. 63/131
patients, 48%).

In line with these findings, patients in the TIPS cohort had a
shorter ICU stay (1.5 [0.0, 5.0] vs. 4.0 [1.0, 15.0] days). Most
importantly, however, the combined primary endpoint of in-
house mortality/LT was also met in a markedly lower propor-
tion of patients in the TIPS cohort (12/64 patients, 19% vs. 52/131
patients, 40%).

The risk for in-house mortality/LT increases for high-risk
surgery but decreases after prior TIPS placement

We analysed the influence of age, sex, baseline creatinine levels,
presence of relevant ascites at the time of surgery, CLIF-C AD
score, ASA score, MELD score, prior TIPS placement and the type
of surgery (low-risk vs. high-risk) on the incidence of in-house
mortality/LT by a multivariable Cox proportional hazards model

Parameters

TIPS cohort (n = 64)

Control cohort (n = 131)

Intraoperative patient management

Any substitution of blood products (n, %) 21 (33) 37 (28)
Median no. of blood products transfused 5.0 (2.0, 14.0) 3.0 (2.0, 6.0)
Any substitution of coagulation products (n, %) 19 (30) 39 (30)
Median no. of coagulation products transfused 3.0 (2.0, 6.0) 5.0 (3.0, 10.0)
Postoperative patient management
Any substitution of blood products (n, %) 29 (45) 75 (57)
Median no. of blood products transfused 3.0 (1.0, 9.5) 6.0 (2.0,17.3)
Any substitution of coagulation products (n, %) 10 (16) 56 (43)
Median no. of coagulation products transfused 3.5(1.8,11.5) 8.0 (4.0, 29.0)
Any catecholamine treatment (n, %) 27 (42) 74 (57)
Duration of catecholamine treatment (h) 55.0 (22.0, 112.0) 160.5 (38.8, 433.5)
Ongoing postoperative intubation (n, %) 18 (28) 55 (42)
Intubation time (h) 48.5 (10.8,101.3) 96.0 (21.0, 401.0)
Renal failure (renal replacement therapy, n, %) 10 (16) 26 (20)
Any hepatic encephalopathy (n, %) 14 (22) 43 (33)
Grade of hepatic encephalopathy I/II/Ill/n.a. (n, %) 5 (36)/8 (57)/1 (7)/0 (0) 6 (14)/22 (51)/3 (7)/12 (28)
Liver failure (n, %) 11 (17) 46 (35)
Infectious complications (n, %) 25 (39) 71 (54)
Sepsis (n, %) 12 (19) 54 (41)
Bleeding complications (n, %) 10 (16) 52 (40)
Variceal bleeding 1(10) 2(4)
Gastric ulcer - 4 (8)
Bleeding within surgical area 9 (90) 44 (85)
Unspecified - 2 (4)
Revision surgery (n, %) 17 (27) 63 (48)
Outcome parameters
Length of ICU stay (days) 1.5 (0.0, 5.0) 4.0 (1.0, 15.0)
In-house mortality/LT (n, %) 12 (19) - one LT 52 (40) - two LTs
After low-risk procedures (n/N, %) 0/30 (0) 10/61 (16) - one LT

After high-risk procedures (n/N, %)
Time to death/LT (days)

12/34 (35) - one LT
10.5 (4.0, 16.3)

42/70 (60) - one LT
17.5 (8.8, 30.0)

Data are shown as counts and percentages as indicated or median values with the 0.25- and 0.75-quartile. Intraoperative patient management did not differ between cohorts.
However, during the postoperative course, patients with a preoperative TIPS received less blood and coagulation products, less catecholamine treatment and developed less
complications. Consequently, in-house mortality/LT was also lower in the TIPS cohort.

ICU, intensive care unit; LT, liver transplantation; n.a., not available; TIPS, transjugular intrahepatic portosystemic shunt.
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Outcome: time to in-house death or LT
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Fig. 2. Multivariable Cox proportional hazards model to identify predictors of in-house mortality/LT. (A) The risk for in-house mortality increases with high-
risk surgery and the preoperative MELD score but is lowered by preoperative TIPS placement. (B) shows the Kaplan-Meier estimate for the incidence of in-house
mortality/LT. ASA, American Society of Anesthesiologists; CLIF-C AD, chronic liver failure consortium acute decompensation; LT, liver transplantation; MELD,
model for end-stage liver disease; TIPS, transjugular intrahepatic portosystemic shunt.

(Fig. 2 and Table S4). The increased rate for in-house mortality/LT
by 52% per unit change in the ASA score can be considered
clinically relevant, even though not statistically significant (p =
0.183). Additionally, MELD score and high-risk surgery were
associated with a higher risk for in-house mortality/LT (hazard
ratio [HR] 1.13, 95% CI 1.05-1.21, p = 0.001 and HR 7.06, 95% CI
2.75-18.13, p <0.001, respectively), whereas a preoperative TIPS
placement was associated with a lower risk (HR 0.44, 95% CI
0.19-1.00, p = 0.051) in our cohort (Fig. 2, Table S4, Fig. S1). The
association of the analysed variables also remained similar when
only in-house mortality was taken into account (MELD score: HR

1.12, 95% CI 1.04-1.21, p = 0.002; high-risk surgery: HR 6.95, 95%
CI 2.70-17.89, p <0.001; prior TIPS placement: HR 0.46, 95% CI
0.20-1.04, p = 0.062, see Table S5 and Fig. S2).

Subpopulation analysis: no in-house mortality after low-risk
surgery in the TIPS cohort

Following the multivariable Cox proportional hazards model,
we further stratified the TIPS and the control cohort according
to low- and high-risk surgery. Table 4 displays the exact types
of surgery performed. After low-risk surgery, 0/30 patients (0%)
in the TIPS cohort deceased, whereas 10/61 patients (16%) had
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Table 4. Detailed overview on surgical procedures and in-house mortality/LT.
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n in-house death or LT/n operations

n in-house death or LT/n operations

Low-risk surgery

Elective orthopaedic surgery
Spondylodiscitis
Kyphoplasty
Nail osteosynthesis (femoral/humoral)
Hip endoprosthesis

Hernia repair

Laparoscopic interventions
Cholecystectomy
Abdominal haematoma evacuation
Sleeve gastrectomy
Sigmoidostomy
Explorations
Lung resection/pleurectomy

Other
Abscess cleavage and necrotic wound debridement
Oesophageal endoscopic mucosa dissection
Bladder tamponade clearance
Mandibular vestibuloplasty
Tracheotomy
Circumcision
Lymph node extirpation
Thyroidectomy

TIPS cohort (n = 30) Control cohort (n = 61)
0/6 (0% dead) 2/4 (50% dead/LT)
0/1 (0% dead) -
0/2 (0% dead) 0/2 (0% dead)
0/2 (0% dead) 1/1 (100% LT)
0/1 (0% dead) 1/1 (100% dead)
0/9 (0% dead) 2/22 (9% dead)
0/4 (0% dead) 5/28 (18% dead)
0/2 (0% dead) 0/10 (0% dead)
0/1 (0% dead) 1/3 (33% dead)
0/1 (0% dead) 1/9 (11% dead)

- 0/1 (0% dead)

- 2/2 (100% dead)

- 1/3 (33% dead)

0/11 (0% dead) 1/7 (14% dead)
0/2 (0% dead) 1/4 (25% dead
0/2 (0% dead) -
0/1 (0% dead) -
0/2 (0% dead) -
0/2 (0% dead) -
0/1 (0% dead) -
0/1 (0% dead) 0/1 (0% dead)
- 0/2 (0% dead)

High-risk surgery

Emergency orthopaedic surgery
Dislocated humerus fracture
Destructive spondylodiscitis

Thoracotomy
Decortication and pleurectomy
Lung resection

Open abdominal surgery
Shunt surgery with splenectomy
Pancreatectomy (including Whipple procedure)
Bowel resection (ileo- and/or colectomy)
Kidney transplantation
Gastrectomy
Cholecystectomy
Oesophagectomy
Abdominal compartment as a result of bleeding
Intra-abdominal abscess cleavage

Other
Subcutaneous abscess with resection of thesternum
Emergency foot amputation (gangrene)

TIPS cohort (n = 34) Control cohort (n = 70)
0/1 (0% dead) 2/2 (100% dead)

0/1 (0% dead) -

- 2/2 (100% dead)

0/5 (0% dead) 3/6 (50% dead|/LT)

0/3 (0% dead) 2/3 (66% dead/LT)

0/2 (0% dead) 1/3 (33% dead)

12/27 (44% dead|LT) 36/61 (59% dead)
0/1 (0% dead) 0/2 (0% dead)

1/4 (25% LT) 1/3 (33% dead

4/11 (36% dead) 24/36 (67% dead

0/1 (0% dead)

2[4 (50% dead)

1/2 (50% dead)

3/3 (100% dead)

1/1 (100% dead)

= =

3/8 (38% dead
1/2 (50% dead
6/9 (67% dead

Ravilaw i aw)

1/1 (100% dead
1/1 (100% dead)

=

0/1 (0% dead)
0/1 (0% dead)
- 1/1 (100% dead)

The incidence of in-house mortality/LT is lower in the TIPS cohort after both low-risk and high-risk surgery. Numbers in bold indicate the incidence of in-house mortality/LT of

the respective subcategory.
LT, liver transplantation; TIPS, transjugular intrahepatic portosystemic shunt.

died or undergone LT (one patient) in the control cohort, with
relevant differences in elective orthopaedic operations and
hernia repairs. Furthermore, in the high-risk surgery group, the
incidence of in-house mortality/LT was also lower in the TIPS
cohort (12/34 patients, 35% vs. 42/70 patients, 60%, with one LT
in each cohort). This also applied to all subtypes of high-risk
surgery, that is, emergency orthopaedic, open thoracic, and
open abdominal surgery. In this last subgroup, the difference
was primarily seen in patients undergoing bowel resection
(Table 4). These observations remained valid when we analysed
only patients who underwent elective operations, even though
patients in the TIPS cohort also presented with more advanced
stages of liver disease in this subpopulation analysis (median
MELD score 13.0 [10.0, 15.0] vs. 9.0 [8.0, 13.0] points; Child-Pugh
A patients: 12/41, 29% vs. 30/74, 41% in the TIPS vs. control
cohort, respectively). Specifically, 0/22 patients (0%) after elec-
tive low-risk procedures and preoperative TIPS placement
experienced in-house mortality/LT compared with 5/40 patients

(13%) in the control group without prior TIPS. After elective
high-risk procedures, 6/19 (32%) vs. 15/34 (44%) patients met
the combined endpoint of postoperative in-house mortality/LT
in the TIPS and the control cohort, respectively (Table S6).

Prediction of postoperative mortality by calculation of the
VOCAL Penn score: improved survival in the TIPS cohort
across different risk strata

We calculated the VOCAL Penn score for all eligible patients in
the TIPS and the control cohort and stratified patient outcome
according to different strata of the 30-day mortality risk pre-
diction model, specifically 0-1%, 1-5%, 5-10%, 10-20%, 20-50%,
and >50% (Table 5). Patients in the TIPS cohort had higher pre-
dicted mortality risks according to the VOCAL Penn score
compared with patients in the control cohort, resulting in a
predicted median 30-day mortality of 10.0% (4.5%, 21.1%) vs. 4.9%
(1.6%, 15.9%), respectively. These findings are in line with the
higher preoperative MELD score in the TIPS cohort. However, the
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Table 5. Risk stratification according to the predicted 30-day mortality as calculated by the VOCAL Penn score.

TIPS cohort (n = 47) Control cohort (n = 100)

Predicted 30-day mortality VOCAL Penn score

n in-house death or LT/n operations

n in-house death or LT/n operations

<1%
Abdominal - laparoscopic
Abdominal - open
Abdominal wall
Major orthopaedic
Chest/cardiac

1-5%
Abdominal - laparoscopic
Abdominal - open
Abdominal wall
Major orthopaedic
Chest/cardiac

5-10%
Abdominal - laparoscopic
Abdominal - open
Abdominal wall
Major orthopaedic
Chest/cardiac

10-20%
Abdominal - laparoscopic
Abdominal - open
Abdominal wall
Major orthopaedic
Chest/cardiac

20-50%
Abdominal - laparoscopic
Abdominal - open
Abdominal wall
Major orthopaedic
Chest/cardiac

>50%
Abdominal - laparoscopic
Abdominal - open
Abdominal wall
Major orthopaedic
Chest/cardiac

0/3 (0% dead)
0/2 (0% dead)

0/1 (0% dead)

0/10 (0% dead)
0/2 (0% dead)
0/4 (0% dead)
0/4 (0% dead

1/11 (9% LT)
0/2 (0% dead)
1/4 (25% LT)
0/2 (0% dead)
0/1 (0% dead)
0/2 (0% dead)
3/10 (30% dead)
3/5 (60% dead)
0/2 (0% dead)
0/2 (0% dead)
0/1 (0% dead)
1/6 (17% dead)

1/4 (25% dead

0/2 (0% dead)

4/7 (57% dead)

4/5 (80% dead)

0/2 (0% dead)

1/17 (6% dead)
1/16 (6% dead)
0/1 (0% dead)

6/33 (18% dead)
2/10 (20% dead)
3/9 (33% dead)
0/12 (0% dead)
1/2 (50% dead)
5/13 (38% dead)
0/1 (0% dead)
5/8 (63% dead)
0/4 (0% dead

12/19 (63% dead)
1/1 (100% dead)
10/13 (77% dead)
0/1 (0% dead)
1/4 (25% dead)
9/12 (75% dead)

7/10 (70%)

1/1 (100% dead)
1/1 (100% dead)
6/6 (100% dead/LT)

4/4 (100% dead

1/1 (100% LT)
1/1 (100% LT)

The incidence of in-house mortality/LT is lower in the TIPS cohort across all strata of the predicted 30-day mortality as calculated by the VOCAL Penn score.
LT, liver transplantation; TIPS, transjugular intrahepatic portosystemic shunt; VOCAL, Veterans Outcomes and Costs Associated with Liver Disease.

incidence of in-house mortality/LT was lower in patients with a
preoperative TIPS across all strata of the risk prediction model.

Postoperative outcome according to the stage of liver disease
It is conceivable that patients with decompensated cirrhosis
benefit more from a prophylactic preoperative TIPS placement
than patients with compensated cirrhosis. To address this
question, we compared patients who had received a prophylactic
TIPS with no or only minor manifestations of portal hypertension
(i.e. perihepatic ascites and varices without a history of bleeding)
with similar patients in the control cohort (Table S7). In this
small subpopulation analysis of n = 12 patients each, we did not
observe a survival benefit in the TIPS cohort with a similar
incidence of in-house mortality/LT (4/12 patients, 33% and 5/12
patients, 42%) in the TIPS and control cohort, respectively.
However, the length of ICU stay was shorter in the TIPS cohort
(3.5 vs. 8.5 days), suggesting a reduction of postoperative
morbidity.

With no clear survival benefit in patients without signs of
portal-hypertensive complications, we finally stratified both co-
horts according to the Child-Pugh stage (Table 6). Although the
incidence of in-house mortality/LT was not different in the TIPS
and the control cohort in patients with Child-Pugh A cirrhosis,

patients who presented with Child-Pugh stage B and C and with
preoperative TIPS placement had an improved transplant-free
survival compared with control patients without TIPS. For pa-
tients with Child-Pugh B cirrhosis, the incidence of in-house
mortality/LT was 4/37 patients (11%) in the TIPS cohort,
compared with 32/70 patients (46%) in the control cohort. In
patients with Child-Pugh C cirrhosis, postoperative in-house
mortality/LT occurred in 4/12 cases (33%) in the TIPS vs. 14/18
cases (78%) in the control cohort.

Discussion

Portal hypertension and high-risk surgery have recently been
shown to be critical determinants of postoperative mortality in
patients with cirrhosis undergoing surgery.””’ In our retrospec-
tive analysis, the presence of a TIPS before surgery was associ-
ated with a lower incidence of postoperative in-house mortality/
LT in patients with Child-Pugh B and C cirrhosis.

In the context of the published literature,?~2> our study
stands out in several of its aspects and significantly contributes
to the growing body of evidence supporting the potential benefit
of preoperative TIPS placement. First, we present the largest
number of patients in both the TIPS and the control cohorts.
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Table 6. In-house mortality/LT stratified according to the Child-Pugh stage.
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TIPS cohort (n = 63)

Control cohort (n = 125)

Baseline characteristics
Child-Pugh A (n, %)
Sex: male/female (n, %)
Age (years)
Child-Pugh B (n, %)
Sex: male/female (n, %)
Age (years)
Child-Pugh C (n, %)
Sex: male/female (n, %)
Age (years)

26 (70)/11 (30
54.0 (47.0, 65.0

8 (66)/4 (33)
55.5 (46.8, 59.0)

37 (29)

22 (59)/15 (41)
66.0 (52.0, 71.0)
70 (56)

43 (61)/27 (39)
64.5 (55.0, 72.0)
18 (14)

13 (72)/5 (28)
61.5 (53.0, 66.8)

Laboratory values
Child-Pugh A
MELD score
CLIF-C AD score
Child-Pugh B
MELD score
CLIF-C AD score
Child-Pugh C

12.0 (10.0, 13.8)
475 (433, 50.8)

14.0 (11.0, 15.0)
48.0 (45.0, 54.0)

9.0 (8.0, 10.5)
46.0 (41,0, 51.3)

10.5 (8.0, 14.0)
52.0 (46.0, 58.0)

MELD score 19.5 (18.0, 22.3) 23.5(19.3, 29.5)
CLIF-C AD score 58.5 (57.0, 61.0) 60.5 (54.3, 72.0)
Surgery details
Child-Pugh A

ASA score II/II[/IV/V/n.a. (n, %)

Low-risk procedures (n/N, %)

High-risk procedures (n/N, %)
Child-Pugh B

ASA score II/IlI/IV/V[n.a. (n, %)

Low-risk procedures (n/N, %)

High-risk procedures (n/N, %)
Child-Pugh C

ASA score II/III/IV/V/n.a. (n, %)

0 (0)/11 (79)/3 (21)/0 (0)/0 (0)
5/14 (36)
9/14 (64)

2 (5)/25 (68)/9 (24)/1 (3)/0 (0)
21/37 (57)
16/37 (43)

0 (0)/3 (25)/6 (50)/1 (8)/2 (17)

3 (8)/26 (70)/2 (5)/0 (0)/6 (16)
24/37 (65)
13/37 (35)

4 (6)/42 (60)/14 (20)/0 (0)/10 (14)
29/70 (41)
41/70 (59)

2 (11)/4 (22)/12 (67)/0 (0)/0 (0)

Low-risk procedures (n/N, %) 4/12 (33) 5/18 (28)
High-risk procedures (n/N, %) 8/12 (67) 13/18 (72)
Outcome parameters
Child-Pugh A
Length of ICU stay (days) 1.5 (0.0, 5.8) 1.0 (0.0, 1.0)
In-house mortality/LT (n/N, %) 3/14 (21) - one LT 4/37 (11)
After low-risk procedures (n/N, %) 0/5 (0) 0/24 (0)
After high-risk procedures (n/N, %) 3/9 (33) - one LT 4/13 (31)
Child-Pugh B
Length of ICU stay (days) 1.0 (0.0, 4.0) 6.0 (1.0, 19.0)
In-house mortality/LT (n/N, %) 4/37 (11) 32/70 (46)
After low-risk procedures (n/N, %) 0/21 (0) 7/29 (24)
After high-risk procedures (n/N, %) 4/16 (25) 25/41 (61)
Child-Pugh C
Length of ICU stay (days) 3.0 (1.8, 4.0) 7.5 (1.8, 15.0)
In-house mortality/LT (n/N, %) 4/12 (33) 14/18 (78) - two LTs
After low-risk procedures (n/N, %) 0/4 (0) 2/5 (40) - one LT
After high-risk procedures (n/N, %) 4/8 (50) 12/13 (92) - one LT

Data are shown as counts and percentages as indicated or median values with the 0.25- and 0.75-quartile. In patients classified as Child-Pugh A, the incidence of in-house
mortality/LT was not different between the two cohorts, neither after low-risk nor after high-risk operations. However, the incidence of in-house mortality/LT was relevantly
lower in patients who were Child-Pugh B and C after prior TIPS placement.
ASA, American Society of Anesthesiologists; CLIF-C AD, chronic liver failure consortium acute decompensation; ICU, intensive care unit; LT, liver transplantation; MELD, model

for end-stage liver disease; n.a., not available; TIPS, transjugular intrahepatic portosystemic shunt.

Second, in-house mortality is the most appropriate endpoint in
this setting, as long-term endpoints such as 1-year mortality,?
although relevant, may rather reflect the course of liver disease
than surgery-related morbidity and mortality. A beneficial effect
of TIPS on long-term survival in decompensated cirrhosis has
already been established in several randomised controlled tri-
als.?%72° Moreover, we also assessed secondary endpoints that
are relevant for postoperative morbidity such as transfusion re-
quirements, bleeding complications, and the length of the ICU
stay in detail. Third, we only included patients who underwent
surgery within 3 months after TIPS placement. This is

particularly relevant for evaluating the concept of a preoperative
TIPS, as liver synthesis deteriorates in the first weeks after TIPS
placement, which was also observed in our cohort, and may
adversely affect surgical outcome. A longer time interval®> be-
tween TIPS and surgery does not appropriately reflect a practical
period between indication and actual performance of surgery.
Another strength of our study is the careful multivariable
analysis that controls for known and proposed risk factors such
as age, ASA, and MELD score,®> CLIF C AD score,”> and most
importantly, a risk classification of surgical procedures. Our
multivariable analysis supports the hypothesis that patients with
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higher MELD scores and patients undergoing high-risk surgery
are at a higher risk for in-house mortality, which is consistent
with the published literature. However, the analysis also sug-
gests that a prior TIPS placement may decrease the risk for
postoperative in-house mortality with a HR of 0.44, even though
the level of significance is missed (p = 0.051) in this model with
the variables chosen. However, in the light of our other results
we still consider our findings relevant: We observed that 0/30
patients (0%) died or underwent LT if undergoing low-risk sur-
gery after prior TIPS placement, compared with 10/61 patients
(16%) that were operated without a TIPS. Importantly, the inci-
dence of in-house mortality/LT was also lower after high-risk
surgery (12/34, 35% vs. 42/70, 60% in the TIPS and control
cohort, respectively. The beneficial outcome in the TIPS cohort
after both low-risk and high-risk surgery is even more relevant
when the baseline characteristics are considered, as patients in
the TIPS cohort had a higher MELD score at the time of surgery
(14 vs. 11 points), with the MELD score itself being a significant
predictor of an adverse postoperative outcome. In line with this,
we also show that patients undergoing surgery after prior TIPS
placement have an improved survival across different risk strata
of the 30-day mortality risk prediction according to the VOCAL
Penn score.

The conflicting results regarding the effect of a preoperative
TIPS placement in the published literature may be explained by
differences in study design and the composition of the respective
patient cohorts. Vinet et al.*> compared 1-month mortality and
complications after elective major abdominal surgery in a small
cohort study but found no difference between the groups for the
respective outcome parameters. However, the control group had
a relevantly lower Child-Pugh score indicating lower severity of
liver disease as a possible explanation. Similarly, Tabchouri
et al?® found no survival benefit in their propensity-matched
retrospective study of 68 control patients and 56 patients who
had received a prophylactic TIPS before undergoing elective
abdominal surgery. However, the study comprised >60% Child-
Pugh A patients and the authors did not distinguish between
low-risk and high-risk surgery. A possible survival benefit may
have also been overlooked due to the low 30-day mortality rate
of 1.8% and 3% in the TIPS and control cohort, respectively.

The two most recent studies found a stronger benefit for
patients with preoperative TIPS. Aryan et al.’>* present a small
unmatched study in patients that had received a TIPS for non-
surgical reasons and underwent low-risk surgery (>80% hernia
repairs) a median of 28 days post-TIPS. The 30-day mortality was
0% in both cohorts, and therefore not different, but in the TIPS
cohort patients developed ascites and acute kidney injury less
frequently. The most recent study by Chang et al.>° reported the
retrospective evaluation of matched cohorts of 45 patients each
undergoing surgery with or without a TIPS regarding develop-
ment of acute-on-chronic liver failure (ACLF) and 1-year survival.
The median interval between TIPS placement and surgery was 6
months, which led to low presence of ascites in the TIPS cohort
(4%). Most patients underwent surgical procedures that would
have been classified as low-risk, with hernia repairs being the
most common intervention. In this study, patients who under-
went visceral surgery with a TIPS were less likely to develop
ACLF at 28 and 90 days, received fewer blood transfusions, had
less ascites development and a shorter ICU stay than the control
cohort, and finally, an improved 1-year survival.

Our study has the limitations inherent to a retrospective
analysis. First, some patients who experienced TIPS procedure-
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related complications may not have lived to undergo the
anticipated surgery. Others may have experienced deterioration
of liver function following TIPS placement and were too sick to
undergo surgery, therefore not entering the analysis. Thus,
cumulated risks of two consecutive procedures (TIPS placement
followed by surgery) cannot be assessed by our study. Because
of the retrospective design of our study, a systematic assess-
ment of post-TIPS morbidity in patients with intended surgery
was not available. However, a recent study in 28 patients un-
dergoing preoperative TIPS placement has shown that two of 28
patients (7%) were not able to undergo the scheduled surgery.>®
Second, not all TIPS analysed in our study were implanted to
prevent morbidity and mortality of a future surgery. In almost
half of the cases, indications for TIPS implantation and for
surgery were made independently from each other. Even if our
study comprises the largest cohort so far, the sample size is
limited and may be too small to detect all relevant predictors
and results in wide confidence intervals and thus an imprecise
estimation. Additionally, the results of our multivariable anal-
ysis are limited to the included variables and this dataset only.
Thus, the inclusion of other variables which would also have a
merit such as the Child-Pugh score may change the results. In
addition, a categorisation of low-risk and high-risk surgery is
not standardised; although we classified elective major ortho-
paedic and thoracoscopic interventions as low-risk operations,
these interventions are associated with a high surgical risk in
the VOCAL Penn score. Therefore, our data can only provide a
preliminary statement to the question if a TIPS should be
implanted preoperatively to decrease postoperative morbidity
and mortality, even though this study by its design reflects this
concept.

Despite these limitations, our findings support the hypoth-
esis that a preoperative TIPS may reduce postoperative mor-
tality in selected patients with cirrhosis and represent a rational
for a randomised controlled trial to evaluate preoperative TIPS
as a prognosis-modifying concept. Importantly, our data illus-
trate that postoperative outcome in patients with cirrhosis is
heterogeneously distributed depending on the type of sur-
gery.”® Thus, the design of a randomised prospective inter-
vention study must include a stratification of the type of
extrahepatic surgery to obtain robust findings on the effects of a
preoperative TIPS. Short-term mortality should be the primary
endpoint for patients undergoing low-risk and high-risk sur-
gery. Whether LT classifies as an adverse outcome especially in
patients already on the waiting list remains debatable, so that
‘unexpected’ LT as an additional endpoint may be more
adequate.

The fact that our study, but not the one by Tabchouri et al.,?*
demonstrates an association of prior TIPS placement with a
reduced postoperative mortality is likely explained by differ-
ences in baseline characteristics, as the Tabchouri cohort con-
sisted of 65% patients who were Child-Pugh A, whereas patients
who were Child-Pugh A comprised only 25% of our cohort.
Importantly, our findings suggest that only patients classified as
Child-Pugh B or C, but not Child-Pugh A obtain a survival benefit
from a preoperative TIPS placement. This represents a compre-
hensible explanation for previous negative studies.

Taking this into consideration, a future prospective trial
should also stratify for the preoperative stage of decompensation
of cirrhosis. Although the study by Reverter et al.” suggests that
an elevated HVPG >16 mmHg represents an independent risk
factor for an unfavourable postoperative outcome and thus a
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treatment target, it is unclear if a preoperative TIPS implantation
is justified just by elevated HVPG measurements in patients
without clinical decompensation and in patients classified as
Child-Pugh A. It is possible that the risk-benefit balance only
favours preoperative TIPS placement in patients with decom-
pensation of cirrhosis.

Our data and the study by Chang et al.”> suggest that patients
who have received a TIPS in the past and are consequently
recompensated are relatively safe to undergo especially low-risk
surgery. Therefore, in light of the data presented in this study
and with confirmatory results of prospective randomised trials
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pending, a pragmatic approach for patients with cirrhosis who
need to undergo surgery is to perform prior TIPS placement if
indicated by ascitic decompensation according to established
criteria.’!

In conclusion, in our study a preoperative TIPS is associated
with a reduced incidence of postoperative in-house mortality/LT
in selected patients with cirrhosis. These promising results
should be confirmed in a prospective randomised controlled
clinical trial that also addresses the question at which stage of
liver disease severity according to HVPG and Child-Pugh score a
preoperative TIPS is beneficial.
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