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Summary The Billroth IV consensus was developed
during a consensus meeting of the Austrian Society
of Gastroenterology and Hepatology (OGGH) and the
Austrian Society of Interventional Radiology (OGIR)
held on the 26th of November 2022 in Vienna.

Based on international recommendations and con-
sidering recent landmark studies, the Billroth IV con-
sensus provides guidance regarding the diagnosis
and management of portal hypertension in advanced
chronic liver disease.
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Grading of certainty and recommendation

Certainty in evidence was determined in analogy to
the GRADE framework [1], as also applied by the
Baveno VII consensus [2]:

o Very low (D): The true effect is probably markedly
different from the estimated effect.
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e Low (C): The true effect might be markedly different
from the estimated effect.

e Moderate (B): The authors believe that the true ef-
fect is probably close to the estimated effect.

e High (A): The authors have a lot of confidence that
the true effect is similar to the estimated effect.

Classifications that have been endorsed by major so-
cieties, are broadly accepted, and unlikely to see ma-
jor changes until the next edition of the Billroth rec-
ommendations have generally been graded as B1, al-
though the GRADE system has limited applicability
in this context. Notably, the certainty in the evidence
has been be rated up in some occasions (usually when
there is a very large magnitude of effect, e.g., trans-
plant benefit in patients with refractory ascites), as
the conduct of high-quality trials would be consid-
ered unethical, since a meaningful treatment benefit
is almost certain from observational studies.

Similarly, GRADE framework was applied to provide
a strength of recommendation:

e Weak (2): Indicates that engaging in a shared deci-
sion-making process is essential.

e Strong (1): Suggests that it is usually necessary to
present both options.
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1. Definition, diagnosis, work-up and follow-up
of compensated advanced chronic liver disease
(cACLD)

Definition of cACLD

o The term compensated advanced chronic liver dis-
eases (CACLD) describes a spectrum of advanced fi-
brosis and cirrhosis (i.e., F3/F4) with or without as-
sociated portal hypertension in patients with an on-
going (i.e., unresolved) primary aetiological factor
and in the absence of previous/current hepatic de-
compensation (i.e., ascites grade > 2, variceal bleed-
ing, or overt hepatic encephalopathy) [2]. (B1)

e Although patients in whom the primary aetiological
factor has been removed are formally excluded from
the definition of cACLD due to differences in regard
to non-invasive tests (NIT) and risk stratification,
those with findings that are compatible with cACLD
should be managed similarly, unless specified oth-
erwise or until further evidence becomes available.
(CD

e Both ‘cACLD’ and ‘compensated cirrhosis’ are ap-
plicable, but not equivalent. The term cACLD de-
scribes patients at increased risk for liver-related
events and considers that their identification/the
diagnosis of cACLD primarily relies on NIT. In con-
trast, compensated cirrhosis dates back to pre-NIT
era, when it was diagnosed by histology or less sen-
sitive imaging and laboratory criteria. (B1)

Diagnosis of cACLD

o NIT have to be interpreted in the light of potential
confounding factors (e.g., biochemical evidence of
hepatic inflammation (AST, ALT, or GGT >2 x upper
normal limit [3]), extrahepatic cholestasis, conges-
tion, and food intake increase liver stiffness mea-
surement (LSM) [4]; systemic inflammation and ex-
trahepatic fibrotic diseases increase ELF test), which
may lead to false-positive results [4]. (B1)

e The cornerstone in the diagnosis of cACLD is LSM
by vibration-controlled transient elastography
(VCTE). LSM values <10kPa rule-out cACLD, LSM
values of 10-15kPa are suggestive of cACLD, while
LSM values = 15 kPa are highly suggestive of cACLD.
(B1)

e Due to potential false-positive results of VCTE, LSM
should be repeated in fasting condition in those
with >10kPa. (B1)

e If VCTE is not available, alternative NIT for diag-
nosing cACLD may be applied (Table 1). A FIB-4
score of 1.75 approximates a LSM by VCTE of 10kPa
and FIB-4 values <1.75 rule-out cACLD, as these
patients are at negligible risk for hepatic decom-
pensation. (B2)
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Table 1 Alternative (i.e., non-VCTE-based) methods for diagnosing cACLD and identifying cACLD patients with a low/high
probability of CSPH. A multitude of additional methods is capable of diagnosing cACLD (i.e., F3/F4) with adequate accuracy,
however, only broadly used blood-based NIT and elastography methods for which cut-offs for ruling-in/ruling-out (i.e., high
sensitivity/negative predictive value and specificity/positive predictive value) CSPH are available are mentioned

Method Proprietary name/manufacturer ~ Strength/limitations Cut-offs
Diagnosis of cACLD
LSM by 2D-SWE  Aixplorer/Supersonic Imagine/  Confounding factors are similar to those for VCTE provided in Chap. 1 Similar cut-offs as for VCTE
HOLOGIC
LSM by 2D-SWE  LOGIQ 2D Shear Wave Elastogra- Limited studies with liver biopsy as reference standard; >9.3kPa [237]
phy/General Electric Confounding factors are similar to those for VCTE provided in Chap. 1
FIB-4 score Non-proprietary No dedicated hard-/software; >1.75[5]
Lower diagnostic but similar prognostic performance vs. VCTE
ELF test Siemens Confounding factor provided in Chap. 1 >9.8 [4, 238, 239]
Identification of cACLD patients with a low/high probability of CSPH
LSM by 2D-SWE  Aixplorer/Supersonic Imagine/  Most well-studied elastography method besides VCTE; Similar cut-offs/decision
HOLOGIC Majority of studies not restricted to cACLD; rules as for VCTE
Confounding factors are similar to those for VCTE provided in Chap. 1
LSM by 2D-SWE  LOGIQ 2D Shear Wave Elastogra- Single study [240] with a small cACLD subgroup; CSPH ruled-out: <9kPa;
phy/General Electric Confounding factors are similar to those for VCTE provided in the Chap. 1  CSPH ruled-in: >13kPa
VITRO Non-proprietary No dedicated hard-/software; CSPH ruled-out: <1 [5];
Confounding factors are provided in Chap. 1 CSPH ruled-in: >2.5 [5]

Work-up and follow-up of patients with cACLD, or
without

e Patients with cACLD should be referred to a special-
ized liver unit for individualized work-up and man-
agement. (B1)

e cACLD patients are at risk of hepatic decompensa-
tion, which is primarily driven by severity of portal
hypertension. Diagnosis of cACLD should prompt
an evaluation for clinically significant portal hyper-
tension (CSPH), as the presence of CSPH (i) identi-
fies the subgroup of patients who are at significant
risk for hepatic decompensation and (ii) has impor-
tant therapeutic implications [4]. (B1)

e In patients with cACLD, LSM (or, if unavailable, von
Willebrand factor antigen (VWF; %) to platelet count
(PLT; G/L) ratio (VITRO) [5]) may be repeated every
12 months to monitor disease progression or regres-
sion. (B2)

e Patients without cACLD, but with ongoing chronic
liver disease should be monitored for progression to
cACLD. (B1)

e Overweight/obesity, diabetes, and alcohol con-
sumption contribute to liver disease progression as
potentially modifiable cofactors and should always
be addressed [2]. (B1)

e Statin use is safe in patients with cACLD [6]. (B1)

2. Measurement of the hepatic venous pressure
gradient

e The hepatic venous pressure gradient (HVPG) is the
gold standard to indirectly estimate the portal pres-
sure gradient via minimally invasive catheterization
of the hepatic vein. Right-heart catheterization
and/or transjugular liver biopsy can be performed
within the same procedure, if required [7, 8]. (B1)

HVPG is calculated by subtracting the free hepatic
venous pressure (FHVP) from the wedged hepatic
venous pressure (WHVP) [8]. (A1)

Cannulation via the right jugular vein may be prefer-
able due to the angle of the hepatic vein junction, in
particular if transjugular liver biopsy is planned [8].
(CD

Use of a pre-bent balloon occlusion catheter is pre-
ferred due to a superior cannulation rate of the hep-
atic vein and a superior occlusion capacity, as com-
pared to conventional end-hole catheters without
a balloon [9-11]. (B1)

Fluoroscopic guidance is essential for introducing
the occlusion catheter from the (preferably right) in-
ternal jugular vein into a large hepatic vein. Docu-
mentation of catheter positioning is recommended,
as this may help to increase the reproducibility of
measurements [8]. (B1)

A real-time pressure recording system is mandatory
for appropriate documentation and interpretation
of the measured data. Zeroing should be performed
prior to measurement and the tracings should be
recorded at slow speed. The pressure transducer
should be positioned at the cardiac level of the pa-
tient in supine position [8, 12]. (B1)

Performing the procedure in an awake patient is
recommended, since abdominal press, inspiration
or expiration may facilitate the cannulation of the
internal jugular and hepatic vein. Yet, if neces-
sary, a low dose of midazolam (<0.02mg/kg body
weight) can be administered without affecting hep-
atic hemodynamics [13]. Notably, use of propofol
is not recommended as it affects HVPG [14, 15].
Although fentanyl at a dose of 1.0 or 1.5ug/kg was
safe and did not impact HVPG [16], its use dur-
ing HVPG measurement—a generally well-tolerated
procedure [17]—is not warranted as it may induce
breathing artefacts. (B1)

@ Springer Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver. ..




During the hemodynamic measurements, deep
breathing should be avoided. Since food intake af-
fects portal hemodynamics [18], the measurement
should be performed in a fasted patient. (B1)
Measurement of the WHVP should be performed in
one of the three hepatic veins (usually the right or
middle). In order to measure WHVP, the balloon
should be expanded according to vessel size and
optimal vascular occlusion should be confirmed
with a small volume of contrast agent. In case of
inappropriate occlusion or veno-venous communi-
cations, deeper insertion of the catheter should be
evaluated. (B1)

If veno-venous shunts prevent an appropriate oc-
clusion, this must be reported, since it may result in
an underestimation of WHVP and hint at the pres-
ence of porto-sinusoidal vascular disorder (PSVD)
(19]. (B1)

Recordings of WHVP should be for at least 60s (or
longer, if continuously increasing) to guarantee sta-
ble pressure readouts [12]. (C1)

The FHVP should be measured 2-3cm from the
junction where the hepatic vein drains into the in-
ferior vena cava [20]. (B1)

Recordings of FHVP should be for at least 30s to
guarantee stable pressure readouts [12]. (C1)

Pairs of WHVP and FHVP should be measured at
least in triplicate. The final HVPG value constitutes
the mean of three independent WHVP/FHVP mea-
surement pairs. In case of inconsistent HVPG values
after 3 measurements, possible sources of error (in
particular, false-high FHVP values due to distal po-
sitioning and false-low WHVP due to insufficient
wedging) have to be evaluated and measurements
have to repeated until consistent HVPG values are
reached. (B1)

Measurement of the inferior vena cava pressure
(IVCP) is mandatory. In case a pressure differ-
ence >2mm Hg between IVCP and FHVP is evident,
presence of a post-hepatic venous obstruction (or
catheter misplacement) should be investigated by
contrast injection. In case of a pressure difference
>2mmHg between IVCP and FHVP, the HVPG has
to be calculated by subtracting the inferior vena
cava pressure (IVCP) from the wedged hepatic ve-
nous pressure (WHVP). (B1) [21]
HVPG-measurements are indicated for risk strati-
fication (in particular, if NIT are inconclusive) and
monitoring the response to HVPG-lowering treat-
ment [22, 23]. HVPG values >5mm Hg denote por-
tal hypertension, while values = 10mm Hg indicate
clinically significant portal hypertension (CSPH) [2].
(B1)

Presence of CSPH is associated with an increased
risk of post-hepatectomy liver failure, hepatic de-
compensation, and mortality in patients with hep-
atocellular carcinoma (HCC), in particular when
undergoing major hepatectomy. [24, 25]. More-
over, the absence of CSPH identifies patients at low
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risk for hepatic decompensation, while HVPG val-
ues =16 and >20mmHg indicate a progressively
increased risk of short-term mortality in patients
undergoing extrahepatic abdominal surgery [26].
(B1)

HVPG decreases to a value of <12mm Hg or reduc-
tions by >10-20% in response to acute and chronic
NSBB treatment are associated with a reduced inci-
dence of variceal bleeding or other decompensating
events and a lower mortality [27-31]. (B1)

In clinical trials focusing on the treatment of portal
hypertension, HVPG dynamics are an excellent sur-
rogate endpoint [27-32]. (B1)

HVPG values reflect sinusoidal portal hyperten-
sion, and thus, may underestimate the severity of
portal hypertension in pre- (e.g., portal [PVT] and
splanchnic vein thrombosis) and post-hepatic (e.g.,
congestive hepatopathy) as well as pre-sinusoidal
disorders, e.g., portosinosoidal vascular disorder
(PSVD). (B1)

Endoscopic ultrasound-guided measurement of the
pressure in the portal and hepatic veins is usu-
ally performed under deep sedation [33], which is
known to profoundly impact hepatic hemodynam-
ics [14, 15]. Thus, the clinical utility of the portal
pressure gradient (PPG) derived from endoscopic
ultrasound-guided pressure measurements has yet
to be established. (C2)

Non-invasive staging of portal hypertension in

patients with cACLD/compensated cirrhosis

General considerations

HVPG-measurement remains the diagnostic gold
standard, however, it requires considerable re-
sources and expertise, which limits its applicabil-
ity [8]. Thus, NIT may be applied to estimate the
probability of CSPH in clinical practice. (B1)

NIT for CSPH have to be interpreted in the con-
text of potential confounding factors: While LSM-
specific information is provided in Chap. 1, fac-
tors confounding the association between spleen
stiffness measurement (SSM) as well as VITRO [23,
34-36] and HVPG are less well-studied. Notably,
VWF increases in the context of infection [37]. (B1)
LSM should be repeated in fasting condition before
deriving therapeutic consequences [2, 4]. (B1)

Ruling-out and ruling-in CSPH and indication for
esophagogastroduodenoscopy

The Baveno VII criteria [2] for ruling-in/ruling-out

CSPH should be applied (B1):

— LSM by VCTE values <15kPa & PLT >150G/L
rule-out CSPH (sensitivity and negative predic-
tive value >90%).
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[ Non-invasive CSPH diagnosis in cACLD patients J
—| VCTE available? —
YES NO
a Baveno VII criteria N a N
CSPH ruled-in: LSM 225 kPa Use alternative NIT
CSPH ruled-out: LSM <15 kPa & PLT > 150 G/L
\_ Reduce ‘grey zone’ by further NIT (if available) J \_ /
CSPH ruled-out: CSPH ruled-in: CSPH ruled-out: CSPH ruled-in:
VITRO<1OR VITRO22.50R
VITRO<1.5 OR VITRO 22.5 OR 2D-SWE: 2D-SWE:
SSM <21 kPa SSM > 50 kPa LSM < 15 kPa (oLoaict LSM > 25 kPa (HoLoaict)
LSM < 9 kPa es) LSM > 13 kPa (&)
A\ J
a I
Remaining non-invasive ‘grey zone’: Refer to
+ HVPG (if available) or
* endoscopy and repeat NIT yearly.
- J
Fig. 1 CSPH can be ruled-out or ruled-in by assessing findings should be evaluated by hepatic venous pressure gra-

LSM (by VCTE) and PLT and applying the Baveno VIl cri-
teria. Patients within the grey zone of the Baveno VIl cri-
teria may be reclassified by von Willebrand factor (VWF) to
platelet count (PLT) ratio (VITRO) or spleen stiffness measure-
ment SSM (by VCTE). Patients with inconclusive non-invasive

— LSM by VCTE values >25kPa rule-in CSPH (speci-
ficity and positive predictive value >90%) in pa-
tients with viral hepatitis- and/or alcohol-related
cACLD as well as non-obese non-alcoholic steato-
hepatitis (NASH).

e Those within the diagnostic grey zone of the above-
mentioned criteria (i.e., meeting neither the Ba-
veno VII rule-out nor rule-in criteria) can be re-
classified by the additional consideration of either
VITRO [38] or SSM ([39]; Fig. 1). (B1)

e If VCTE is not available, alternative NIT for identi-
fying cACLD patients with a low/high probability of
CSPH (e.g., VITRO [5]) may be applied, although the
available evidence is more limited (Table 1). (B2)

e Patients with inconclusive non-invasive findings
should be evaluated by HVPG-measurement and/or
esophagogastroduodenoscopy (EGD) for the pres-
ence of CSPH and varices (which are confirmative
of CSPH), respectively. (B1)

o cACLD patients in whom CSPH can be ruled-out
based on NIT or HVPG are not required to un-
dergo EGD, unless there is a suspicion of an ad-
ditional pre-hepatic, i.e.,, PVT and/or splanchnic
vein thrombosis, or an intrahepatic pre-sinusoidal
cause/component of portal hypertension. The lat-
ter should be suspected in patients with [19]: (B2)

— Clinical conditions associated with PSVD, e.g.,
myeloproliferative neoplasms.

dient (HVPG)-measurement and/or endoscopy for the pres-
ence of clinically significant portal hypertension (CSPH) and
varices (which are confirmative of CSPH), respectively. Alter-
native (i.e., non-VCTE-based) strategies, should limited to set-
tings where VCTE is not available

— Exposure to drugs that have been linked to PSVD
(e.g., antiretroviral therapies (didanosine and
stavudine), azathioprine, or oxaliplatin [40]).

— Histological findings of PSVD [19].

- Disproportionally low LSM despite imaging/labo-
ratory evidence of portal hypertension [41] or dis-
proportionally high SSM [42].

Specific patient populations

e In patients with NASH-related cACLD, the
ANTICIPATE-NASH model (which considers BMI
in addition to LSM/PLT) can be used to estimate the
probability of CSPH [43] (B2).

o Removal/suppression of the primary aetiological
factor, i.e., HCV-cure, HBV-suppression in the ab-
sence of HDV infection, and abstinence from alco-
hol, may ameliorate portal hypertension, thereby
reducing the risk of hepatic decompensation [2].
The definition and impact of the removal/suppres-
sion of the primary aetiological factor in other ae-
tiologies is less well established, which does not
necessarily imply that the respective therapies (e.g.,
phlebotomy for heamochromatosis) are less effec-
tive in modifying the course of cACLD. (B1)

e Patients with pre-treatment cACLD who show con-
sistent improvements to LSM values <12kPa and
PLT >150G/L after HCV-cure can be discharged
from further portal hypertension, but not HCC
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4.

surveillance measures, if no co-factors are present,
as the risks of CSPH and disease progression/hepatic
decompensation are negligible [44]. (B2)

Endoscopic classifications and treatment

Esophageal varices

Esophageal varices (EV) should be graded as absent,
small (<5mm of diameter), or large (=5mm) [45].
(B1)

The presence of red spots signs should be reported
for bleeding risk stratification [45]. (B1)

The indications for endoscopic therapy (i.e., en-
doscopic variceal ligation (EVL)) are described in
Chap. 5,6 and 7.

EVL should be performed every 2-4 weeks until
eradication of large varices. Thereafter, an en-
doscopy should be performed after 6 months and
then every 12 months[45]. (B1)

Gastroesophageal and gastric varices

The Sarin classification should be used for classifi-

cation of gastric varices [45] (B1):

— Gastroesophageal varices type 1 (GOV1; varices
from the lesser curvature extending into the esoph-
agus) and 2 (GOV2; varices of the fundus continu-
ing into the esophagus) as well as

— isolated gastric varices 1 (IGV1; varices in the fun-
dus not extending over the cardia) and 2 (IGV2;
varices in other parts of the stomach).

Risk of bleeding from gastric varices depends on

subtype (IGV1>GOV2>GOV1>IGV2), size, pres-

ence of red spot signs, and Child-Pugh stage [45].

(B2)

Gastroesophageal and gastric varices may hint at

the presence of PVT and/or splanchnic vein throm-

bosis, which should be investigated. (B2)

The indications for endoscopic therapy (i.e., cyano-

acrylate injection for GOV2 and IGV1; band ligation

or cyanoacrylate injection for GOV1; IGV 2 are rare,
and treatment should be individualized) are de-

scribed in Chap. 5,6 and 7.

Portal-hypertensive gastropathy

Portal hypertensive gastropathy (PHG) is defined
as a macroscopically visible mosaic/cobblestone-
like pattern of the gastric mucosa (usually fundus
or corpus) [45] (B1) and correlates with the Child-
Pugh stage [46]. (B2)

PHG should be differentiated into mild and severe
(i.e., red marks or active bleeding) PHG [45]. (B2)
Besides the use of vasoactive treatment (see Chap. 6)
(B1), endoscopic argon plasma coagulation (APC)
or haemostatic powder (e.g., Hemospray and Nex-

powder) may be applied to treat acute bleeding
from PHG [46, 47]. (C1)

In patients with chronic bleeding, NSBB therapy
and iron supplementation should be administered
[45]. (B1)

TIPS and liver transplantation are effective second-
line therapies [45]. (B1)

Gastric antral vascular ectasia

5.

Gastric antral vascular ectasia (GAVE) is a distinct
entity that is endoscopically characterized by col-
umns of erythematous (mild) or hemorrhagic (se-
vere) lesions in a ‘watermelon’ or diffuse pattern (in
the latter case, histology may help to confirm the di-
agnosis) [45]. (B1)

GAVE may be flat, elevated, or even nodular.
Notably, GAVE commonly occurs in patients with-
out ACLD/portal hypertension [45] and therapies
aiming at ameliorating portal hypertension are in-
effective. (B1)

APC, radiofrequency ablation and—in particular for
nodular GAVE—banding [48] may decrease blood
loss [45]. (B1)

Prevention of first hepatic decompensation

and portal hypertensive bleeding

o Non-selective betablockers (NSBB)s are not indi-

cated for preventing complications of portal hyper-
tension in cACLD patients without CSPH, as both
the risk of events [49] and the magnitude of the
HVPG-lowering effect of NSBB therapy [50] are neg-
ligible in the absence of CSPH. (B1)

o Compensated patients with CSPH or esophageal/

gastroesophageal/gastric varices [30]—the latter in-
dicate the presence of CSPH—should be treated
with NSBBs to prevent first hepatic decompensa-
tion (notably, most commonly ascites) [2]. (B1)

o Due its higher efficacy in lowering HVPG [51],

carvedilol (6.25mg q.d., titrated to 6.25mg b.i.d
or 12.5mg q.d.) is the NSBB of choice for cACLD.
Propranolol should be reserved for those who are
intolerants to carvedilol (i.e., systolic blood pres-
sure <90mmHg on carvedilol and/or symptomatic
hypotension) [2]. (B1)

In general, patients on NSBB therapy are not re-
quired to undergo EGD, as the absence/presence
of varices has no therapeutic consequences [2].
However, EGD may be performed due to upper GI
symptoms and/or local preferences. (B2)

e Patients with contraindications for or intolerance to

NSBB therapy should undergo a screening EGD and

endoscopic surveillance, as per Billroth I1I [45] (B1):

— No varices on index endoscopy: Repeat after 2 and
3 years in patients with and without an ongo-
ing (i.e., unresolved) primary aetiological factor/
cofactor, respectively.
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Fig. 2 Therapeutic algo-
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TIPS
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Evaluate additional contraindications

— Small varices on index endoscopy: Repeat after
1 and 2 years in patients with and without an on-

a case-by-case basis and performed in experienced
centers. (B1)

going (i.e., unresolved) primary aetiological fac- e

tor/cofactor, respectively.
Patients with contraindications for or intolerance to
NSBB therapy and large esophageal/GOV1 should
undergo endoscopic band ligation [2]. (A1)
In patients with contraindications for or intoler-
ance to NSBB therapy and GOV2/IGV1, endoscopic
cyanoacrylate injection should be discussed on

Notably, in those without a history of variceal bleed-
ing, endoscopic therapies for its prevention are only
indicated in case of contraindications for or in-
tolerance to NSBB therapy (or, where applicable,
hemodynamic non-response to NSBBs), as they do
not prevent non-bleeding first decompensation [2].
(B1)
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6.

Acute variceal bleeding

Acute variceal bleeding (AVB) is a severe complication
of portal hypertension and its 6-week mortality has
been reported as 15-20% [52]; prognosis is primarily
dependent on hepatic function (i.e., MELD [52] and
Child-Pugh, with the latter guiding risk stratification/
preemptive TIPS placement [53]). As summary of the
following recommendations is given in Fig. 2.

Pre-endoscopy management

Hemodynamic stabilization, airway management,
and medical therapy have priority over endoscopy
in patients presenting with a suspicion of AVB [45].
(Al)

A restrictive transfusion policy aiming for a hemo-
globin of 7-8g/dL is suggested in hemodynam-
ically stable patients without cardiovascular dis-
ease (CVD) [54]. Thus, the threshold for red blood
cell transfusion is usually 7g/dL for those without
symptomatic CVD (A1), while it may be increased to
9g/dL in those with CVD. (B1)

Variceal bleeding is due to portal hypertension and
treatment should be focused on lowering portal
pressure rather than correcting coagulation abnor-
malities. Routine coagulation tests do not accu-
rately reflect hemostasis. In general, substitution of
fresh frozen plasma, recombinant VIIa, or tranex-
amic acid are not recommended. Moreover, in the
absence of failure to control bleeding, there is no
indication to correct abnormalities in coagulation
tests by platelet transfusion, prothrombin complex
concentrates, or fibrinogen; in those with failure
to control bleeding decisions should be made on
a case-by-case basis [55]. (B1)

Intubation is recommended before endoscopy in
patients with altered consciousness and those ac-
tively vomiting blood [2]. (C1)

In suspected variceal bleeding, vasoactive drugs,
i.e, terlipressin (1-2mg every 4-6h), somatostatin
(6mg/50mL; continuous infusion with 4.2mL/h),
or octreotide, are equally effective [56] and should
be started as soon as possible and continued until
a portal hypertension-related bleeding source has
been endoscopically excluded, or if confirmed, for
2-5 days (A1) [45].

The pharmacological properties of terlipressin sup-
port its continuous infusion; although clinical ev-
idence is limited [57, 58], a dose of 1.7mL/hour of
4mg/40mL (or higher—up to 5mL/hour) may be
suitable to control bleeding. (C1)

Antibiotic prophylaxis, e.g., i.v. ceftriaxone 1g q.d.
(A1), which may be increased to therapeutic doses
of 2-4g q.d. in clinical practice (D2), is an integral
part of therapy for patients with cirrhosis presenting
with upper gastrointestinal bleeding and should be
instituted from admission [45].

In the absence of contraindications (significant
QTc prolongation), pre-endoscopy infusion of ery-
thromycin (i.v. 250mg 30-120min before endo-
scopy) should be considered [45]. (B1)

Proton pump inhibitors (PPI), when started before
endoscopy, should be stopped when portal hyper-
tension-related bleeding has been confirmed, un-
less there is an evidence-based indication to con-
tinue treatment [2]. (C1)

Endoscopy

Following hemodynamic resuscitation and, if re-
quired, intubation, patients with suspected AVB
should undergo upper endoscopy within 12h of
presentation. If the patient is haemodynamically
unstable, endoscopy should be performed as soon
as safely possible [2]. (C1)

The availability of an on-call GI endoscopist profi-
cient in endoscopic hemostasis and on-call support
staff with technical expertise in the usage of endo-
scopic devices, enabling performance of endoscopy
on a24/7 basis, isrecommended. Trainees perform-
ing the procedure must always be supervised by a GI
endoscopist [2]. (C1)

Active bleeding at endoscopy (defined as blood em-
anating from a varix, despite vasoactive therapy) is
predictive of failure to control bleeding and may
have therapeutic implications (e.g., pre-emptive
TIPS placement), and thus, should always be noted
on the endoscopy report [2]. (B1)

The endoscopy report should include the informa-
tion on the applied vasoactive treatment [2]. (B1)
EVL is the recommended form of endoscopic ther-
apy for acute esophageal variceal bleeding [45]. (A1)
EVL or cyanoacrylate injection are recommended
for acute bleeding from GOV1 [45]. (C1)
Endoscopic cyanoacrylate injection is recom-
mended for acute bleeding from GOV2 and IGV1
[45]. (C1)

IGV2 are rare and treatment should be individual-
ized. (C1)

Based on current evidence, haemostatic powder is
not recommended as a first-line endoscopic ther-
apy for AVB [2]. (B1)

In refractory bleeding from esophageal varices, self-
expandable metal stents (SEMS) should be used.
If not available or applicable, balloon tamponade
(Sengstaken-Blakemore tube) should be used as last
resort, while Linton-Nachlas tube should be ap-
plied for fundal varices. Balloon tamponade must
only be performed in an intubated patient to avoid
aspiration. For esophageal varices, SEMS are as
efficacious but safer than balloon tamponade and
allow a longer dwell time (up to 7 days for SX-ELLA
Danis) [59]. Notably, these are bridging therapies to
definite treatment, i.e., rescue TIPS placement [60].
(B1)
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Post-endoscopy management

e Patients with AVB should be managed in intensive
or intermediate care units [2]. (C1)

e Vasoactive drugs should be continued for 2-5 days
[45]. (B1)

e Lactulose should be administered to facilitate the
removal of blood from the digestive tract to pre-
vent/treat hepatic encephalopathy [2]. (B1)

e All patients with AVB should undergo abdomi-
nal imaging, preferably contrast-enhanced cross-
sectional imaging (CT or MRI) to exclude PVT/
splanchnic vein thrombosis and hepatocellular car-
cinoma as well as to map portosystemic collaterals
to guide treatment [2]. (C1)

e For recommendations regarding pre-emptive (in
high-risk patients, if bleeding is controlled by va-
soactive treatment and/or endoscopy) and rescue
(in case of failure to control bleeding) TIPS, please
see the Chap. 11.

7. Prevention of further decompensation

Disease progression in patients with decompensated
cirrhosis comprises new onset of specific complica-
tions or extrahepatic organ dysfunction/failure. The
former is known as ‘further decompensation’ and the
latter as ‘acute-on-chronic liver failure’ (ACLF). Both
conditions have a negative impact on prognosis, re-
quire specific management, and should prompt eval-
uation of the patient for an etiological therapy and for
liver transplantation candidacy.

Definition of ‘further decompensation’

e Further decompensation in cirrhosis represents an
advanced prognostic stage defined by any of the fol-
lowing: (B1)

— Development of a second portal hypertension-
driven decompensating event (ascites, AVB, or
hepatic encephalopathy [HE]) and/or jaundice
(bilirubin =5 mg/dL).

— Development of recurrent variceal bleeding, re-
current ascites (requirement of >3 large-volume
paracenteses within 1 year), recurrent HE, spon-
taneous bacterial peritonitis (SBP) and/or hepa-
torenal syndrome-acute kidney injury (HRS-AKI).

- In patients presenting with AVB alone, if ascites,
HE, or jaundice develop after recovery from the
bleeding episode, but not if these events occur
around the time of bleeding.

e PVT may be associated with further decompensa-
tion and should thus, be actively screened for, but
does not define further decompensation.

Definition of acute-on-chronic liver failure (ACLF)

Several definitions of acute-on-chronic liver failure
(ACLF) have been proposed by societies from differ-

Table 2 Diagnostic criteria for ACLF and grading

Organ sys-  Variable Dysfunction Failure
tem
Liver Bilirubin >6.0t0<12 =12
(mg/dL)
Kidney Creatinine >1.500<20 =22.0
(mg/dL) or use of RRT
Brain HE West = -1V
Haven Grade or intubation for HE
Coagulation INR >20t0<25 =25
Circulation MAP (mmHg) <70 Use of Vasopressors
(not considering Terli-
pressin)
Lung Pa02/Fi02 201 to 300 <200
Sp02/Fi02 215 to 357 <214
or mechanical ventila-
tion
ACLF grading
- Grade 1 1a—Single renal failure (sCre >2.0 mg/dL)
1b—Isolated liver or coagulation failure com-
bined with either (i) renal dysfunction (sCre 1.5
to <2.0mg/dL) or (i) brain dysfunction (HE I-ll)
Grade 2 2 organ failures
Grade 3 3a—3 organ failures

3b—=4 organ failures

ent regions of the world. The European Association
for the Study of the Liver (EASL) has endorsed [61]
the definitions proposed by the European Foundation
for the study of Chronic Liver Failure (EF-CLIF) [62],
which requires the presence of cirrhosis. According
to the EF-CLIF definition, the development of organ
dysfunctions/failures discriminates ACLF from acute
decompensation (AD), i.e., hospitalization for first/
further hepatic decompensation.

This is in contrast to the definition of the Asian
Pacific Association for the Study of the Liver (APASL)
[63], for which any pre-existing chronic liver disease
suffices to define subsequent ACLF, if an acute hepatic
insult manifesting as jaundice (bilirubin =5mg/dL)
and coagulopathy (INR >1.5 or prothrombin activity
<40%) complicated within 4 weeks by ascites grade
=2 and/or overt HE.

The Billroth IV consensus panel endorses the EF-
CLIF definition of ACLF [62]:

o ACLF defines a condition occurring in patients with
cirrhosis in response to a hepatic or extrahepatic in-
sult causing liver failure and/or extrahepatic organ
failure [61]. (B1)

o ACLF is a life-threatening condition associated with
high short term (28-day) mortality [61]. (B1)

o ACLF is commonly triggered by severe alcoholic
hepatitis or infections, however, the precipitating
event may also be unknown. (B1)

e Hepatic and extrahepatic organ dysfunction/failure
should be defined by EF-CLIF criteria, as shown in
Table 2 [61]. (B1)

o ACLF is a highly dynamic condition that may fully
recover, but also deteriorate to irreversible multior-
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gan failure and death, and thus, close and at least
daily monitoring of liver and extrahepatic organ
function is required [61]. (B1)

e As of 04/2023, there is no specific treatment ap-
proved for ACLF [61]. (B1)

e Patients with ACLF should be considered for ICU
management [61]. (C1)

e Patients with ACLF may be candidates for liver

transplantation and patients should be presented

to a transplant center [61]. (C1)

Rapidly deteriorating ACLF and ACLF-3b—in par-

ticular if persistent—may indicate therapeutic futil-

ity [61]. (B1)

Definition of cirrhosis recompensation

The concept of recompensation implies that there is at
least partial regression of the structural and functional
changes of cirrhosis after removal/suppression of the
primary aetiological factor [2]. (B1)

e The definition of recompensation is based on Bave-
no VII [2] expert consensus and requires fulfilment
of all the following criteria: (C2)

— Removal/suppression of the primary aetiological
factor (i.e., HCV-cure, HBV-suppression in the ab-
sence of HDV infection, and abstinence from al-
cohol).

— Resolution of ascites (off diuretics), HE (off lactu-
lose/rifaximin/L-ornithine L-aspartate (LOLA)),
and/or 12-months without recurrent AVB (carve-
dilol or conventional NSBBs are not required to
have been withdrawn);

— Stable improvement of liver function tests (biliru-
bin, INR, and albumin).

e The criteria for recompensation in patients with cir-
rhosis due to other aetiologies are yet to be estab-
lished. (D1)

e Resolution of clinical complications after TIPS per se
does not confer recompensation. (C2)

e Because CSPH may persist despite recompensation,
NSBBs should not be discontinued unless CSPH has
resolved. (B1)

Preventing recurrent variceal haemorrhage
(secondary prophylaxis)

e First-line therapy for the prevention of recurrent
AVB is the combination of carvedilol (alternatively
conventional NSBBs) plus EVL [2, 64]. (B1)

e TIPS is the treatment of choice in patients who re-
bleed despite sufficient secondary prophylaxis us-
ing carvedilol (or conventional NSBBs) plus EVL [2].
(B1)

e In patients who cannot get/tolerate EVL or carve-
dilol (or conventional NSBBs), any of these thera-
pies can be maintained alone (B1), but TIPS should
be considered in patients with recurrent ascites [2].
(A1)

e In patients who bleed despite adherence to carve-
dilol (or conventional NSBBs), the combination of
carvedilol (or conventional NSBBs) and EVL is rec-
ommended (B1), but TIPS should be considered in
those with recurrent ascites [2]. (Al)

e In patients with haemodynamic non-response
(HVPG-decrease <20% from baseline [27]) to car-
vedilol and very high HVPG (i.e., 220mm Hg) TIPS
may be considered for secondary prophylaxis on
a case-by-case basis [65, 66]. (D2)

Definition and diagnosis of hepatic encephalopathy
(HE)

o Hepatic encephalopathy (HE) can occur in patients
with acute liver failure (type A), due to presence of
portosystemic shunts (type B), and due to cirrhosis
with hepatic dysfunction (type C) [67]. (B1)

e Covert HE can only be identified by neurophysio-
logical or neuropsychological testing [67]. Notably,
local cut-offs are required for neuropsychological
tests (e.g., <20 different animals within 1 min for the
simplified animal naming test [68], which can be
performed as a bedside test). (B1)

e Recurrent HE is defined as =2 HE bouts within
6 months, while HE that occurs less frequently is
considered as episodic HE [67]. (B1)

e Persistent HE is defined if a patient does not return
to baseline performance between bouts [67]. (B1)

o The severity of overt HE should be graded according
to the West Haven criteria as II-IV [67]. (B1)

e Normal plasma ammonia levels usually rule-out
overt HE [67]. (B1)

e CT and MRI should be performed in unclear cases
or if other cerebral conditions are suspected (B1).
Cerebral imaging is not diagnostic of HE, but rules-
out differential diagnoses and may reveal cerebral
oedema [67]. (C1)

Treatment of first, recurrent, and persistent HE

e Covert (B1) and overt HE should be treated with lac-
tulose (titrated to achieve 2-3 bowel movements/d)
[67]. (A1)

e Precipitating factors of HE should be identified and
treated (B1), most importantly dehydration (e.g.,
by diuretic overuse), infections, and acute gastroin-
testinal bleeding [67].

e In patients with HE, vitamin and micro-/macro-nu-
trient deficiencies should be identified and treated
[67]. (C1)

e HE should not prompt a reduction of protein intake
or enteral nutrition. (C1)

o Patients with HE West Haven Grade III-IV are at risk
for aspiration and ICU management/intubation
must be considered [67]. (B1)

e Lactulose is recommended as secondary prophy-
laxis of HE [67]. (A1)
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e Rifaximin can be added to lactulose in case of recur-
rent or persistent HE. (B1)

e L-ornithin L-aspartate (LOLA) can be added to lac-
tulose in case of recurrent or persistent HE. (C1)

e Patients with recurrent or persistent HE should be
evaluated for liver transplantation. (B1)

e Embolization/occlusion of large portosystemic
shunts/collaterals should be considered in patients
with recurrent or persistent HE. (C1) After closure of
shunts, endoscopy should be performed to screen
for varices, if the patient is not on carvedilol or con-
ventional NSBBs for primary bleeding prophylaxis.
(DD

e After an episode of overt HE, patients should be pro-
vided with information on the risks associated with
driving. (D1)

Preventing further decompensation in patients with
ascites or HE

e Decompensated patients with ascites or HE who are
not on carvedilol (or conventional NSBBs) should
undergo screening endoscopy. (B1)

e In decompensated patients with ascites or HE and
low-risk varices (small [<5mm], no red signs, not
Child-Pugh C), carvedilol (or conventional NSBBs)
may be used to prevent first variceal haemorrhage.
(B1)

e In decompensated patients with ascites or HE and
high-risk varices (large varices [>5mm], or red
spot signs, or Child-Pugh C), prevention of first
variceal haemorrhage with carvedilol (or conven-
tional NSBBs) is indicated (B1) and preferred over
EVL.

Role of infections in decompensated cirrhosis

e Bacterial infections are common in patients with
decompensated cirrhosis and may cause further
decompensation [2, 61]. (B1)

e In all patients hospitalised with AD, bacterial infec-
tions should be ruled-out. The minimal work-up
for infections should include diagnostic paracente-
sis, cultures of ascites, blood, and urine, chest X-ray,
and skin examination. Nosocomial infections are
defined by an onset 72 h after hospitalization [2, 61].
(B1)

e Patients with bacterial infections should be promptly
treated with antibiotics. If no response to antibiotics
is observed, consider fungal and viral infections [2,
61]. (C1)

e A guidance for empirical antibiotic treatment for
community-acquired and nosocomial bacterial in-
fections is given in Table 3. Empirical antibiotic
therapy should be started immediately and con-
sider the local antimicrobial resistance profile, the
clinical context (i.e., community-acquired vs. noso-

Table 3 Guidance for empirical antibiotic therapy for non-
SBP infections in cirrhosis

Type of infec- Community-acquired
tion infections

Nosocomial infections 2

Cellulitis ‘Erysipel’: Penicillin G (i.v.)/V (p.0.)
‘Phlegmone’: Cefazolin (i.v.)/cefalexin (p.o.), flucloxacillin
Urinary tract  Uncomplicated:
infections Pivmecillinam, Fosfomycin, ciprofloxacin, or cotrimoxazole
If sepsis: If sepsis:
Aminopenicillin/beta- Piperacillin/tazobactam
lactamase inhibitor or meropenem
or cefotaxime +glycopeptide®
or ceftriaxone
Pneumonia  Aminopenicillin/beta- Piperacillin/tazobactam or ce-

lactamase inhibitor or
cefotaxime or ceftriaxone
+macrolide

or levofloxacin

or moxifloxacin

Dosages of antibiotics have not been formally and specifically investigated or
defined in patients with cirrhosis, however, it is advisable to follow standard
recommended dosages adopted to renal function

@ Recommended also for health-care associated pneumonia and urinary
infections

b Glycopeptides must be replaced by linezolid or daptomycin in areas with
high prevalence of vancomycin-resistant enterococci (VRE)

¢ Ventilator-associated pneumonia (VAP), recent antibiotic therapy, nasal
MRSA carriage

fepime or meropenem

=+ ciprofloxacin/levofloxacin
+glycopeptide © should be added
in case of high MRSA risk ¢

comial), and the severity of infection (i.e., presence
of septic shock) [2, 61, 69, 70]. (B1)

e In case of unclear bacterial infections, an empiri-
cal antibiotic treatment strategy similar as for SBP
should be considered. (C1)

The role of sarcopenia and frailty in further
decompensation

o Frailty, malnutrition, and sarcopenia have an im-
pact on survival in patients with decompensated
cirrhosis. They should be evaluated with available
standardised tools [2]. (B1)

o All patients with decompensated cirrhosis should
receive nutrition consultation (e.g., optimal daily
energy intake should not be lower than 35kcal/kg
actual body weight (BW)/day in non-obese individ-
uals and protein intake should not be lower than
1.2-1.5g/kg actual BW/day; late-evening oral nu-
tritional supplementation should be recommended
[67]) and be advised regarding the benefits of regu-
lar exercise [2]. (B1)

e While sarcopenia improves in some patients after
TIPS, preprocedural sarcopenia has also been as-
sociated with poor outcomes (e.g., HE, less ascites
control) and a higher mortality. Therefore, sarcope-
nia by itself should not be an indication for TIPS [2].
(B1)

e Patients with cirrhosis-associated sarcopenia should
be evaluated early for transplant candidacy because
liver transplantation improves sarcopenia in most
cases, but sarcopenia may deteriorate with further
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decompensation and then increase mortality, even
in those who finally undergo liver transplantation.
The severity and course of sarcopenia should be
carefully assessed and addressed prior to liver trans-
plantation [67]. (B1)

8. Management of ascites and hepatic
hydrothorax

Hepatic decompensation includes development of
clinically overt ascites or hepatic hydrothorax related
to portal hypertension (as suggested by a serum as-
cites albumin gradient [SAAG] >1.1g/dL). Mortality in
patients with cirrhosis developing ascites is 15-20%
within 1 year and 44% within 5 years [71, 72]. Treating
ascites also improves quality of life and the occur-
rence of SBP is unlikely in patients without ascites.
Important definitions, grading and treatment are
summarized in Table 4.

Diagnostic approach in patients with ascites

e Ascites should be graded according to the Inter-
national Ascites Club guidelines into uncompli-
cated (grade 1: only visible on ultrasound, grade 2:
moderate ascites, grade 3: tense ascites), recurrent
(the need for large volume paracentesis (LVP) for
>3 times within a time period of 12 months despite
optimal medical therapy), and refractory ascites
(ascites that requires repetitive LVP in patients who
do not respond or are intolerant to diuretic therapy)
[73, 74]. (B1)

e Paracentesis is indicated in patients presenting with
(i) ascites for the first time, (ii) grade 3 ascites,
(iii) ascites at non-elective hospital admission re-
gardless of the reason, and (iv) ascites with signs of
clinical deterioration (such as GI bleeding, shock,
fever or other signs of systemic inflammation, ab-
dominal symptoms, hepatic encephalopathy, and
in patients with worsening liver or renal function)
[74]. (B1)

e Paracentesis is a low-risk procedure that rarely leads
to serious bleeding complications; therefore, substi-

Table 4 Diagnosis and therapy of ascites
Uncomplicated ascites

Grade 1 Grade 2 Grade 3

Definition Mild ascites only ~ Moderate ascites Tense ascites with
detectable by evident by moderate  marked abdominal
ultrasound abdominal distension  distension

Treat- Moderate sodium  Moderate sodium
ment restriction
if not responsive ics
additional loop diuretic Evaluation for OLT

Avoid NSAIDs, angiotensin converting enzyme
inhibitors, angiotensin receptor blockers,

tution of coagulation factors or platelets is not nec-
essary regardless of laboratory coagulation tests or
platelet count [55, 75]. (B2)

e Investigation of ascites should include at least the
determination of ascitic neutrophil count, total pro-
tein concentration, and the serum-ascites albumin
gradient. Uncomplicated ascites due to portal hy-
pertension is expected to show a neutrophil count
<250/uL, a SAAG >1.1g/dL [76] and a protein level
<2.5g/dL. The SAAG is calculated by subtracting the
ascitic fluid albumin level from the serum albumin
level (determined simultaneously). (B1)

e Additionally, aerobic and anaerobic blood culture
bottles should be inoculated with ascitic fluid for
microbiological diagnosis of SBP or bacterascites
(neutrophil count <250/uL but positive ascites fluid
culture) and to guide subsequent antibiotic treat-
ment. (B1)

e Ascites can develop/aggravate secondary to HCC,
PVT, or splanchnic vein thrombosis; therefore, an
ultrasound examination should be performed for
exclusion in patients with grade 2/3 ascites. (B1)

Therapy of uncomplicated ascites

o Initial therapy of patients with cirrhosis and as-
cites consists of moderate sodium restriction and
diuretic treatment. (A1)

o Moderate sodium restriction (90mmol NaCl/day,
corresponding to 5.2g NaCl/day) is usually equiva-
lent to a no added salt diet with avoidance of pre-
cooked meals. Extreme sodium restriction to less
than 5g NaCl/day is not recommended due to the
risks of diuretic-induced hyponatremia, renal fail-
ure, and aggravation of malnutrition that is com-
monly present in these patients [77-79]. (B1)

o Due to the central role of secondary hyperaldos-
teronism in the development of cirrhosis-associ-
ated ascites, mineralocorticoid receptor antagonists
(MRAs, especially spironolactone) are considered as
first-line therapies. Patients with a first episode of
moderate ascites can be treated with spironolactone
alone starting at 100 mg/day with stepwise increases

Recurrent ascites Refractory ascites

Ascites that is associated with  Ascites that cannot be mobilized or with early
frequent LVP (at least 3 within  recurrence due to lack of response to sodium
12 months) despite optimal restriction and diuretic treatment; impaired
treatment urinary sodium excretion (<80 mmol/24 h);
spot urinary sodium/potassium ratio <2.5

Paracentesis, sodium TIPS or repetitive large volume paracentesis
restriction and MRAs,  restriction, and diuret- OLT must be considered

NSAIDs, angiotensin converting enzyme inhibitors, angiotensin receptor blockers
o1-adrenergic receptor blockers, aminoglycosides, carvedilol if hypotensive, propranolol with caution

o1-adrenergic receptor blockers, aminogly- (not more than 80 mg/day)

cosides
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every 3-5 days to a maximum dose of 400 mg; espe-
cially in the outpatient setting due to less frequent
dose adjustments needed [80]. (B2)

In patients who (i) do not respond to MRAs as de-
fined by a decrease in body weight of less than 2kg/
week, (ii) develop hyperkalaemia or (iii) present
with long-standing, recurrent or tense ascites, furo-
semide should be added or a combination therapy
consisting of spironolactone and furosemide should
be started [81]. Furosemide should be started
with 40 mg/day; a daily cumulative dose of 160 mg
furosemide should not be exceeded. (B1)
Furosemide should not be administered intrave-
nously as a bolus in patients with cirrhosis, because
of risk of deterioration in the glomerular filtration
rate (GFR) [82]. (B1)

Rapid weight loss during diuretic therapy might
increase the risk of hypovolemia, acute kidney in-
jury (AKI), and HE, and thus, weight loss during
diuretic therapy should not exceed 0.5kg/day in pa-
tients without oedema and 1kg/day in patients with
oedema. Patients should be encouraged to monitor
body weight daily. (B2)

Eplerenone is an alternative especially for men with
gynaecomastia. 100 mg of spironolactone is consid-
ered roughly equivalent to 50 mg of eplerenone [83].
Furthermore, torasemide can be used as an alterna-
tive to furosemide, allowing for less frequent dosing
(84]. (B2)

Vaptans are not indicated for the management of
portal-hypertensive ascites [85]. (B2)

After initiation or adaptation of diuretic therapy, re-
nal function and electrolytes should be monitored.
(B1)

After mobilization of ascites, diuretics should grad-
ually be tapered to the lowest doses capable of
maintaining BW with minimal or no ascites. Re-
moval/suppression of the primary aetiological fac-
tor should be encouraged, if possible, to facilitate
control of ascites in these patients. (B2)

In patients with hypervolemic hyponatremia, fluid
restriction and monitoring are recommended when
plasma sodium levels fall below 125mmol/L.
Furthermore, diuretics should at least be temporar-
ily withdrawn when serum sodium concentration
decreases below 120-125 mmol/L. (C2)

Substitution with hypertonic NaCl solutions should
be avoided since it may promote volume overload
and worsen ascites and oedema. It should be lim-
ited to severely symptomatic hyponatremia, as de-
fined by life-threatening manifestations, cardio-res-
piratory distress, somnolence, seizures, and coma.
(C2)

In patients with tense ascites (grade 3), large-vol-
ume paracentesis (LVP) is the treatment of choice
and should be followed by diuretic therapy. To-
tal paracentesis should be carried out as a single
procedure, even when a large volume of ascites is

present, if it is hemodynamically tolerated by the
patient. (B1)

e Plasma volume expansion using albumin is recom-
mended in all patients undergoing LVP (i.e., if more
than 5L of ascites have been removed) for preven-
tion of circulatory dysfunction [86]. Albumin at
a dose of 8-10g/L ascites removed (i.e., 100mL 20%
albumin per 2.5L of ascitic fluid) should be admin-
istered. Removal of less than 5L does not appear
to have significant hemodynamic consequences
[87] (Al), however, in patients with hemodynamic
instability (systolic blood pressure <90 mm Hg), hy-
ponatremia <130mmol/L and/or presence of AKI,
albumin infusion should be strongly considered for
paracentesis <5L [88]. (C2)

o The administration of nonsteroidal anti-inflamma-
tory drugs (NSAIDs) in patients with ascites due to
portal hypertension can lead to renal failure and
should therefore be avoided [89]. The same is true
for angiotensin receptor blockers, angiotensin con-
verting enzyme inhibitors and a1-adrenergic block-
ers besides carvedilol [90]. Aminoglycosides should
be avoided whenever possible [91]. (B1)

e In the absence of evidence-based indications, PPI
should not be used in patients with ascites since PPI
might be associated with a higher risk of infection
[92]. (B2)

e Ascites is not a contraindication for NSBBs, but
they should be used with caution, especially car-
vedilol or high doses of propranolol (>80mg/day)
in recurrent/refractory ascites [93]. NSBBs should
be temporarily dose-reduced or discontinued in
case of persistently low blood pressure (systolic
blood pressure <90mmHg or mean arterial pres-
sure <65mmHg) and in patients who develop an
acute intercurrent condition such as bleeding or
HRS-AKI [29, 94, 95]. (C2)

o The benefit of long-term albumin administration
remains controversial and therefore, no recommen-
dation can be made for its use in routine clinical
practice [96, 97]. (C2)

Recurrent ascites

o TIPS should be considered in patients with recur-
rent ascites (=3 LVP within 1 year) since it improved
transplant-free survival in a small randomized study
[98] (B1).

Refractory ascites

e Refractory ascites is associated with poor survival of
only 50% at 6 months [99]. Refractory ascites is de-
fined by the ICA [73] as
— ascites that cannot be mobilized by intensive di-

uretic therapy (up to a maximum cumulative dose
of 400 mg spironolactone and 160 mg furosemide/
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day) and confirmed dietary sodium restriction
(diuretic-resistant ascites),

— or as ascites that rapidly reaccumulates after ther-
apeutic paracentesis (within 4 weeks),

— or as the situation, where the maximum dose of
diuretics cannot be administered due to side ef-
fects, such as electrolyte imbalance, renal failure,
and HE (diuretic-intractable ascites).

e A characteristic feature of refractory ascites is im-
paired urinary sodium excretion despite maximum
tolerated doses of diuretics [100]. Since urine collec-
tion for 24 h is cumbersome, a spot urinary sodium/
potassium ratio <2.5 is a reasonable surrogate for
diuretic-resistant ascites [101]. Diuretic treatment
should be continued only when urinary sodium
excretion under diuretic therapy is greater than
30mmol/day [102]. (B2)

Due to the poor prognosis of patients with refractory
ascites, liver transplantation should be considered.
(A1)

e Patients with refractory ascites should be evaluated
for TIPS, since TIPS is associated with improved
survival [103-106], especially when smaller diame-
ter covered stents are used [107-109]. (B1)

If TIPS is contraindicated or refused by the patient,
repetitive LVP in combination with albumin sub-
stitution, sodium restriction, and diuretic therapy
should be performed. (B1)

Alfapump® [110-113], a low-flow pump system to
remove ascites from the peritoneal cavity into the
bladder, or tunnelled peritoneal drainage systems
[113] are not expected to improve survival in pa-
tients with refractory ascites, and thus, should be
limited to non-transplantable patients who are poor
candidates for TIPS. (C2)

Hepatic hydrothorax

e Hepatic hydrothorax represents a (usually right-
sided) pleural effusion in patients with decompen-
sated cirrhosis in the absence of any other pleural,
pulmonary, or cardiac disease [114]. (B1)

e Diagnostic thoracentesis of hepatic hydrothorax
should be performed at first diagnosis and includes
similar testing as for ascitic fluid. (B1)

e Spontaneous bacterial pleuritis can be diagnosed if
the neutrophil cell count is >500 or >250 cells/pl
with a positive culture after exclusion of parapneu-
monic pleural effusion or empyema and should be
treated similar to SBP [115]. (B1)

e Hepatic hydrothorax should be primarily treated
with salt restriction and diuretics [116]. (A1)

e If patients are presenting with dyspnoea, repeated
therapeutic thoracentesis is indicated for symp-
tomatic relief [116]. (A1) However, insertion of chest
tubes is not recommended due to high compli-
cation risk including infection, electrolyte distur-
bances, and renal dysfunction [117, 118]. (B1)

e TIPS should be considered for recurrent hepatic hy-
drothorax not responsive to diuretic therapy [119,
120]. (B1)

e Patients with recurrent hepatic hydrothorax should
be evaluated for liver transplantation [121]. (A1)

e Pleurodesis, mesh repair of diaphragmatic defects,
or insertion of tunnelled pleural drainage systems
may be considered in selected patients with recur-
rent hepatic hydrothorax if TIPS and liver transplan-
tation are not an option [122-124]. (C2)

9. Treatment of spontaneous bacterial peritonitis
(SBP)

e SBPis bacterial infection of ascitic fluid and defined
by a neutrophil count >250/mm?3. A positive ascitic
fluid culture with a neutrophil count <250/mm?3 is
termed bacterascites. SBP can be categorized into
community-acquired and nosocomial SBP. Noso-
comial SBP is defined by an onset 72h after hospi-
talization.

e Diagnostic workup for SBP is recommended in pa-
tients with cirrhosis and ascites (i) developing it for
the first time, (ii) at unscheduled hospital admis-
sion, (iii) with signs of systemic infection, (iv) with
further decompensation (e.g. variceal bleeding or
hepatic encephalopathy), or (v) with deterioration
of hepatic or renal function [4]. Delayed diagno-
sis of SBP is associated with increased mortality,
highlighting the importance of timely paracentesis
[125]. (B1)

e Screening for SBP comprises sampling of ascitic
fluid and blood in aerobic and anaerobic blood
culture bottles for adopting antibiotic treatment, if
necessary. (B1)

e Antibiotic treatment is recommended in all patients
diagnosed with SBP. Patients with bacterascites
should receive antibiotic treatment if they present
with signs of systemic infection or if bacterascites
is confirmed at a second paracentesis. Empirical
antibiotic therapy should be started immediately
and consider the local antimicrobial resistance pro-
file, the clinical context (i.e., community-acquired
vs. nosocomial), and the severity of infection (i.e.,
presence of septic shock). (Al)

o Third-generation cephalosporins (e.g., i.v. ceftriax-
one 2-4g q.d.) are recommended as first-line an-
tibiotic treatment for community-acquired SBP in
countries with low rates of bacterial resistance (e.g.,
Austria) [4]. (A1)

o Nosocomial SBP is more likely to harbour resistance
to antibiotics. Piperacillin/tazobactam should be
given in contexts with a low prevalence of multi-
drug resistance (MDR), while carbapenems should
be used in contexts with high prevalence of ESBL-
producing bacteria [4]. Carbapenems should be
combined with either glycopeptides, daptomycin,
or linezolid in contexts with a high prevalence of
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gram-positive MDR bacteria or in patients with sep-

tic shock [126]. (B1)

Severe infections with extended drug resistant (XDR)

bacteria may require the use of newer antibiotics.

(C2)

e Antibiotic treatment should last at least 5-7 days
and be refined according to bacterial culture results.
(B1)

e Chinolones should not be used to treat SBP in pa-

tients who were on norfloxacin prophylaxis [127].

(B1)

To prevent the development of HRS-AKI, 1.5g/kg

BW albumin should be administered in patients

with SBP at the time of diagnosis, plus 1 g/kg on day

three [128]. (Al).

e Blood pressure should be carefully monitored in pa-
tients with SBP. NSBBs should be discontinued in
case of systolic blood pressure <90 mm Hg, mean ar-
terial pressure <65 mmHg, or HRS-AKI [129, 130].
NSBB should be re-initiated when SBP (+ HRS-AKI)
and/or arterial hypotension have/has resolved. (B2)

e A second paracentesis should be performed 48h
after initiation of the antibiotic therapy to monitor
dynamics of the ascitic fluid neutrophil count [131].
A reduction of ascitic fluid neutrophil count <25%
or worsening clinical symptoms/inflammation mark-
ers indicate treatment failure and should trigger
consideration of adopting the antibiotic treatment
regimen to cover gaps in the antimicrobial spec-
trum of the initial therapy, as well as relevant MDR.
Moreover, fungal infection should be considered in
case of non-response to initial antibiotic therapy,
in particular in those with septic shock or Child-
Pugh C [132]. (B1)

e The use of primary antibiotic prophylaxis should be
individualized; norfloxacin 400 mg orally q.d. may
be considered in patients with a low ascitic fluid
protein concentration (<15g/L) and either Child-
Pugh =B9 plus serum bilirubin =23 mg/dL, or an
impaired kidney function (serum creatinine [sCre]
>1.2mg/dL, blood urea nitrogen [BUN] =25 mg/dL,
or serum sodium <130mmol/L) [133, 134]. (A2)
Lack of evidence and the risk of antibiotic resistance
preclude a recommendation of primary antibiotic
prophylaxis for patients not fulfilling these criteria.

e The administration of prophylactic norfloxacin
(400 mg orally q.d.) is recommended in patients
who recovered from an SBP episode [135]. (Al)
However, chinolone-based prophylaxis appears to
be less efficient in patients colonized with MDR
organisms [136].

e In patients who resolve ascites, antibiotic prophy-
laxis may be discontinued. (C1)

e Based on the currently available evidence, rifaximin
cannot be recommended as an alternative to nor-
floxacin for secondary prophylaxis of SBP [137-141].
(CDH

e In the absence of evidence-based indications, PPI
should not be used in patients with ascites and
a history of SBP [142, 143]. (B2)

10. Renal impairment

Definition, diagnosis and staging of acute kidney
injury in ACLD

Acute kidney injury (AKI) is defined as an acute and
clinically relevant reduction in the glomerular filtra-
tion rate (GFR) [144, 145]. Various causes may result in
AKI in patients with ACLD. Among them, prerenal AKI
due to hypovolemia (e.g., caused by diuretic overuse,
LVP without albumin replacement, or gastrointestinal
blood loss) as well as HRS and acute tubular necro-
sis (ATN) are most common. Pathophysiologically,
HRS-AKI results from compromised renal perfusion
caused by systemic vasodilatation in patients with
ascites and is often aggravated by infections and
systemic inflammation [146, 147]. AKI induced by
acute tubular necrosis (ATN-AKI) is primarily caused
by shock [148] and/or cholemic nephropathy (also
known as bile cast nephropathy) [149-152]. Finally,
less common causes of AKI such as glomerulonephri-
tis and postrenal obstruction should be considered as
differential diagnoses [148]. Since prerenal AKI cases
can be successfully treated by plasma volume expan-
sion and postrenal AKI is rare, the main challenge
is the differentiation between HRS-AKI and ATN-AKI
[153] which may also co-exist.

Diagnosis and staging of AKI in patients with ACLD
[154] (B1):

e AKlstage 1: Increase in sCre = 0.3 mg/dL within 48 h
to = 1.5- to 2-fold of the baseline value (obtained as
close as possible to the event, up to 3 months in the
past)

— AKI stage 1A: sCre at diagnosis <1.5mg/dL
— AKI stage 1B: sCre at diagnosis > 1.5 mg/dL

e AKI stage 2: sCre >2- to 3-fold of the baseline

o AKI stage 3: sCre >3-fold of the baseline or to
=4mg/dL with an acute increase =0.3mg/dL or
need for renal replacement therapy (RRT)

e Ifno previous sCre value is available, the sCre on ad-
mission should be used. In case of impairment of
renal function (sCre =1.5mg/dL) at time of admis-
sion and a clearly identifiable precipitating event, it
is reasonable to assume a previously normal renal
function, and thus, AKI based on clinical judgement
[154].

e In patients with a urinary catheter, an output
<0.5mL/kg body weight =6h may be used to di-
agnose AKI given its prognostic implications [153,
155, 156].
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Fig. 3 Diagnosis, staging,
and management of AKI
and in patients with cirrho-
sis and ascites
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demonstrates the diagnostic pathway towards HRS-
AKI diagnosis [153] (C1):
— AKI 1B, as described previously.

e HRS-AKI, previously termed HRS type 1, must be
considered in ACLD patients with ascites. As HRS-
AKI is a diagnosis of exclusion, other potential (in-
trinsic) causes of AKI must be ruled-out. Figure 3

— No improvement in sCre after 2 consecutive days
of withdrawal of diuretics and plasma volume ex-
pansion with albumin (1 g/kg BW, max. cumula-
tive dose 100 g/day)

- Absence of shock
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Management of HRS-AKI and HRS-NAKI

— No current or recent use of nephrotoxic agents
(e.g., NSAIDs, aminoglycosides, or contrast me-
dia)

— Exclusion of parenchymal kidney disease, i.e., ab-
sence of proteinuria (>500mg/day), microhema-
turia (>50 RBCs per high power field), and patho-
logical changes upon renal ultrasonography

HRS-non-AKI (HRS-NAKI, previously HRS type 2) is

defined by (non-acute) declines in estimated GFR

(eGFR) levels to <60 mL/min per 1.73m2. It can

be further subclassified depending on the natural

history of (non-acute) kidney dysfunction in cir-
rhosis into an acute kidney disease (HRS-AKD) and

a chronic kidney disease (HRS-CKD) phenotype

[153]:

— HRS-AKD: eGFR <60mL/min per 1.73 m? for less
than three months with a percent increase in sCre
<50% within the last (up to) 3 months

— HRS-CKD: eGFR <60mL/min per 1.73m? >3
months

Management of AKI in ACLD

The initial management should focus on (i) the identi-
fication and (ii) the correction of precipitating factors
fueling the hemodynamic disturbances in ACLD [154,
157, 158].

Measures in AKI stage 1A [154, 157] (C1):

— Review of the entire medication (including over
the counter drugs and herbals)

— Withdrawal of diuretics and reduction or with-
drawal of lactulose in case of volume-depletion

— Withdrawal of potentially nephrotoxic agents
(e.g., NSAIDs)

— Careful assessment of ongoing use or withdrawal
of vasodilators and NSBBs [94, 129]

— Plasma volume expansion in patients with clini-
cally suspected hypovolemia as per local standard

— Blood transfusion in case AKI origins from gas-
trointestinal blood loss

— Extensive search for bacterial infections (e.g.,
paracentesis to diagnose SBP) with the aim of
early antibiotic treatment, if indicated [159]

— Exclusion of urinary obstruction via ultrasound

In case of response (return of sCre within 0.3 mg/dL

of the baseline value), patients should be followed

closely for early identification of potential new

episodes of AKI [154, 160] (D1):

— Close assessment (e.g., every 2 days) of sCre dur-
ing hospitalization

— Assessment of sCre every 2-4 weeks during the
first 6 months after discharge

In case of AKI stage 1B, 2 or 3 or progression of

stage 1A to a higher stage, patients need to be as-

sessed for the presence of HRS-AKI [154] (B1):

— Plasma volume expansion with albumin for two
consecutive days (1g/kg BW, max. cumulative
dose 100 g/day)

Patients should be monitored closely (see also
Chap. 7 on the management of ACLF) [148].
Patients with HRS-AKI stages 1B, 2 and 3 with no
complete response within 48 h despite general ther-
apeutic measures and plasma expansion as de-
scribed above who are considered to have HRS-
AKIT should be treated with vasoconstrictors in com-
bination with albumin (20-40g/day). Complete
response is defined by a decrease in sCre to a value
<1.5mg/dL or return to within 0.3mg/dL of the
baseline value [148, 154]. (B1)

In hypotensive patients (i.e., systolic blood pressure
<90mmHg or mean arterial pressure <65mm Hg),
terlipressin treatment may be initiated before the
end of the 48 h period. (D2)

AKI stage 1A (sCre <1.5mg/dL) fulfilling the other
diagnostic criteria of HRS-AKI can be treated the
same way on a case-by-case basis [154]. (D2)
Treatment with albumin and terlipressin may also
be considered in HRS-NAKI patients who are po-
tential transplant candidates, however, recurrence
is common and there is no clear evidence for bene-
ficial effects on pre- and post-transplant outcomes
[153, 161-163]. (B2)

Vasoconstrictor treatment

Should preferably be administered on IMCU/ICUs.
(B1)

Should preferably be administered via a central ve-
nous line under continuous blood pressure and
electrocardiography (ECG) monitoring. (B1)
Non-availability of an IMCU/ICU should, however,
not defer the timely use of vasoconstrictors in pa-
tients with HRS-AKI. (B1)

Terlipressin is the most extensively studied vaso-
constrictor for the treatment of HRS-AKI and there-
fore recommended [2] (B1).

A bolus of terlipressin induces a statistically sig-
nificant reduction in portal pressure over a 3-4-
hour period while increasing mean arterial pressure
and therefore renal perfusion pressure [164], which
translates into an improvement in renal function.
(B1)

The randomized CONFIRM trial found an increased
rate of respiratory adverse events under terlipressin
(bolus administration) [165]. Consequently, a base-
line assessment including a physical exam, an eval-
uation of fluid status, vital sign assessment with
pulse oximetry, a chest X-ray, and if indicated,
a transthoracic echocardiogram (TTE) should be
performed in order to minimalize the risk for such
events. (B1)

Careful risk/benefit evaluation prior to treatment
with terlipressin and albumin should be performed
in patients with ACLF grade 3, pulse oximetry <90%
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atroom air, or pulmonary oedema on chest X-ray as
these patients may be at highest risk for developing
respiratory adverse events. (D2)

Terlipressin should be used with caution in patients
with cardiovascular disease since it may induce is-
chemia. (B1)

Surveillance for side effects related to vasoconstric-
tion (ischemia of fingers or skin, abdominal pain,
and angina pectoris) should be performed. (B1)
Patients should also regularly be screened for the
development of pulmonary oedema. In case of
worsening hypoxia, interrupting or discontinuing
terlipressin should be considered. (B1)

Patients should be monitored for the development
of (severe) diarrhoea and hyponatremia. The latter
occurs more commonly in patients with less ad-
vanced liver disease and (near-) normal baseline
serum sodium levels [166]. In case of significant
adverse effects, dose reduction, interruption, or
discontinuing of terlipressin should be considered.
(B1)

Compared to bolus administration (initial dose
0.5mg every 4h; maximum dose 2mg every four
hours), continuous infusion (initial dose 2mg/day;,
e.g., 2mg/40mL at 1.7mL/hour; increased every
48h according to response; maximum dose
12mg/day, e.g., 4mg/40mL at 5mL/hour) decreases
the rate of (ischaemic) AEs, the mean effective ter-
lipressin dose [167], and, thus, might also decrease
costs. Considering the pharmacodynamic profile of
terlipressin described above, continuous infusion
should be preferred over bolus administration. (Al)
Terlipressin is particularly beneficial in patients
with systemic inflammatory response or sepsis and
might also prevent variceal bleeding during the pe-
riod of discontinuation of NSBBs [168, 169]. (B1)
Although terlipressin has been consistently shown
to improve renal function, its impact on survival is
less clear [165]. (A1)

In the absence of ACLF, norepinephrine (initial dose
0.5mg/hour; max. dose studied in RCTs 3 mg/hour)
may be a comparably effective as compared to terli-
pressin. A meta-analysis of four RCTs demonstrated
similar efficacy in terms of HRS reversal, when com-
pared to terlipressin [170]. (B1)

In HRS-AKI patients with ACLF, however, terli-
pressin is superior to norepinephrine and should
be preferred [171]. (B1)

Assessment of response to vasopressor treatment
and further management

Complete response is defined by a decrease in sCre
to a value <1.5mg/dL or return to within 0.3 mg/dL
of the baseline value, while a regression of at least
one AKI stage is considered as partial response
[154]. (B1)

o Response to terlipressin treatment should be as-
sessed every 2 days. In case of non-response, dose
should be increased in a stepwise manner (e.g.,
2—4—8—12mg/day) to a maximum dose of
12mg/day (continuous infusion: 4mg/40mL at
5mL/hour; bolus administration: 2mg every 4h);
a more rapid titration may be decided on a case-by-
case basis [167, 171] (B1)

e Haemodynamic response to norepinephrine de-
fined as an increase in mean arterial pressure (MAP)
of >10mmHg or increase in 4-hour urine output
>200ml should be assessed every four hours, if pos-
sible. In case of non-response to norepinephrine,
dose should be increased by 0.5 mg/hour every 4h
to a maximum dose of 3mg/hour [172]. (B1)

e In case of complete response, vasoconstrictor treat-
ment should be maintained for 24h and may be
stopped afterwards (B1).

e In patients whose sCre remains at or above the pre-
treatment level (non-responders) for 14 days, treat-
ment discontinuation may be considered. (B2)

e In responders, longer treatment durations may be
used to prevent early recurrence of HRS-AKI or as
a bridging therapy prior to liver transplantation.
(D1)

e Recurrent HRS-AKI should be treated in the same
way [102]. (D1)

Role of TIPS in the treatment of HRS-AKI and HRS-
NAKI

e TIPS may improve kidney function in patients with
HRS-AKI and HRS-NAKI [173-175]. In addition,
a relevant proportion of patients with HRS-AKI
might have another indication for TIPS (‘pre-emp-
tive TIPS, failure of secondary prophylaxis, and
recurrent/refractory ascites) [176]. (D2)

e Patients with HRS-NAKI should be evaluated for
TIPS, since TIPS improves both renal function and
survival in patients with severe/refractory ascites
[98, 103]. (B1)

Role of RRT and ELS in HRS-AKI and HRS-NAKI

o There are no randomized controlled trials demon-
strating that renal replacement therapy (RRT) or
extracorporeal liver support (ELS) improve survival
in patients with HRS-AKI and HRS-NAKI, or asso-
ciated conditions, such as acute-on-chronic liver
failure (ACLF) [177, 178]. (B1)

o RRT should be evaluated in patients with treatment-
refractory severe acidosis, electrolyte disturbances,
or volume overload. (D1)

o Generally, RRT should be restricted to patients who
are eligible for liver transplantation. However, even
in this setting, there is no evidence of a survival ben-
efit. (B1)
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e Alimited trial of RRT may be considered in selected

non-liver transplant candidates, even though mor-
tality rates are extremely high in patients not listed
for liver transplantation [179]. (D2)

In the absence of head-to-head comparisons, the
optimal modality of RRT is unclear. However, con-
tinuous RRT use may be advantageous in patients
who are hemodynamically unstable or at risk of
elevated intracranial pressure (e.g., ACLF) [180].
Regional citrate anticoagulation seems to be safe in
patients with liver dysfunction, however, close mon-
itoring for citrate accumulation is required [181].
(CDH

Role of liver transplantation in HRS-AKI and HRS-
NAKI

e Due to its poor prognosis, the diagnosis of HRS-AKI

or HRS-NAKI should prompt evaluation for liver
transplantation, which provides considerable bene-
fit in this patient population, regardless of response
to vasoconstrictor treatment [153]. (Al)

However, it is still hard to predict to what extent re-
nal failure is reversible after LT given potential pre-
existing comorbidities, unrecognized intrinsic renal
disease, intraoperative events, and post-transplant
immunosuppression. Therefore, the indication for
a simultaneous liver kidney transplantation (SLK)
is still debated. Notably, transplantation of the liver
first with the potential of performing a sequential
kidney transplantation is the preferred option for
patients with HRS-AKI according to the Eurotrans-
plant manual (version 6.3) [182]. (C2)

In contrast, EASL clinical practice guidelines recom-
mend considering SLK transplantation in patients
with cirrhosis and known significant kidney disease
prior to HRS-AKI. Furthermore, SLK transplanta-
tion may be considered in patients with HRS-AKI
on RRT or with an eGFR <35mL/min or measured
GFR <25mL/min for >4 weeks [61]. (D2)

o The majority of elective TIPS placements will hap-
pen for recurrent or refractory ascites. This man-
dates careful evaluation of alternative reasons and
important cofactors for ascites, which might not be
improved or even worsened by TIPS placement. In
particular, this relates to active infection (mostly
SBP), malignant ascites, heart failure, and chronic
kidney disease besides HRS-CKD. (B1)

Evaluation for acute (‘pre-emptive’ or ‘early’ and
‘rescue’) TIPS placement

o ‘Pre-emptive’ (previously ‘early’) TIPS placement
in patients without failure to control bleeding (i.e.,
if bleeding is controlled by vasoactive treatment
and/or endoscopy) is only indicated for AVB in high-
risk situations [183-185]. (B1) While evidence for
pre-emptive TIPS placement is more robust in pa-
tients bleeding from esophageal varices and GOV1,
this treatment concept may be similarly beneficial
in those with GOV2/IGV1 [186]. (C1)

e High-risk patients are those with Child-Pugh
C10-C13, Child-Pugh B8-B9 [185] and active bleed-
ing at endoscopy under vasoactive treatment, or
HVPG =20mmHg [184]. (B1)

o Pre-emptive TIPS should be placed preferably within
72h (ideally 24 h) hours in order to prevent rebleed-
ing and ACLF [183]. Due to logistic and time con-
straints, the pre-TIPS investigations may be limited
to those necessary for confirming technical feasi-
bility and for ruling-out absolute contraindications.
(B1)

e This applies even more for rescue TIPS, i.e., TIPS
placement in the context of failure to control bleed-
ing (i.e., requirement of SEMS placement, balloon
tamponade, or rebleeding within 5 days). (B1)

e In patients with high model for end-stage liver dis-
ease (>30 points) and lactic acidosis (>12mmol/L),
TIPS placement may be futile [187]. (C2)

Investigations suggested prior to TIPS placement

11. Transjugular intrahepatic portosystemic

shunt (TIPS): evaluation, technical aspects, and ° Four-phase CT of the liver and splenoportal axis.
follow-up (D1
e Laboratory investigation: Complete blood count,
Evaluation for elective TIPS placement sodium, bilirubin, albumin, creatinine, AST/ALT,
LDH, CRP, INR, and NT-proBNP, as well as lactate
e Evaluation for elective TIPS placement requires in unstable patients. (D1)

more careful patient assessmentand greater scrutiny e Echocardiogram with a focus on right ventricu-

towards contraindications, in particular in patients
with the alternative option of timely liver trans-
plantation; however, listing for liver transplantation
does not preclude elective TIPS placement. (B2)

In patients with contraindications for/refusing to
undergo liver transplantation, the risk/benefit as-
sessment and evaluation of resource utilization will
allow a slightly more generous approach in favor of
TIPS. (B2)

lar function, tricuspid regurgitation velocity (TRV),
and/or estimated systolic pulmonal artery pressure
(sPAP), and significant valvular heart disease. (B1)

e Right heart catheterization is suggested for those
with a TRV >2.8m/s or systolic pulmonary artery
pressure (sPAP) >35mmHg, while it is required
for elective TIPS placement in those with a TRV
>3.4m/s or sPAP >50mmHg to rule-out/evaluate
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the severity of (porto)pulmonary hypertension [188].
(B1)
e Ascites: See Chap. 1 and 10.

Absolute contraindications for TIPS placement

e Severe liver failure (Child-Pugh =C14) for elective
TIPS placement. (B1)

e Severe and uncontrolled (porto)pulmonary hy-
pertension (e.g., mean pulmonal artery pressure
>45mmHg) [189]. (D1)

e Symptomatic heart failure (in particular right heart
failure). (B1)

Relative contraindications for TIPS placement

e Anatomical/technical considerations, unrelieved
biliary obstruction, or extensive (hepatic) malig-
nancy. (B1)

e PVT or splanchnic vein thrombosis are per se is not
a contraindication, but may even strengthen the
rationale for TIPS placement, although it increases
technical complexity of TIPS placement [190]. Pa-
tients requiring portal vein recanalization (PVR)-
TIPS should be referred to expert centers. (B1)

e Bilirubin of >3-5mg/dL for elective procedures
[190], while hyperbilirubinemia in the context of
AD/ACLF is not a contraindication for early/rescue
TIPS [191]. (C2)

e Recurrent overt HE episodes that are not related to
acute bleeding, diuretic overuse, electrolyte distur-
bances, or infections. (C2)

e Asymptomatic (porto)pulmonary hypertension [189].

(B1)

e Asymptomatic heart failure. (B1)

e Any severe extrahepatic disease associated with
a very limited life expectancy. (B1)

Technical aspects of transjugular intrahepatic
portosystemic shunt (TIPS) placement

There are different possibilities of TIPS placement,
which basically differentiate systems with open Co-
lapitano or Ross needles and systems with softer,
closed coaxial needles where a stylette is advanced
through a cannula [176]. In addition to the com-
mon and frequently practiced blind puncture with
control of the portal vein incision via aspiration and
direct contrast-enhanced visualization of the portal
vein system, puncture towards the portal vein can
also be guided by means of US or CO; portogram.
Such guidance systems for TIPS placement have been
shown to reduce intervention times, radiation doses,
and complication rates compared with conventional
methods and provide additional information about
the anatomical conditions during the intervention
[192-199].

In the following, two techniques for TIPS placement
are presented as examples. In the first case, US con-

trol using an open needle puncture system is shown,
and in the second case, control by means of CO; por-
togram using a closed coaxial needle puncture system
is shortly pointed out. Besides blind puncture, the
options shown below represent variants. In general,
various approaches with both of the needle puncture
systems and combinations of the single steps are pos-
sible, also depending on the anatomical conditions.

Example 1: Technique with open puncture system and
US guidance

o US before the procedure with the patient already
positioned: Extracorporeal marking of the portal
vein bifurcation.

e Access via right internal jugular vein, if possible.

e Advance a stiff guidewire into the inferior vena cava
through a short 10F airlock.

e Insertion of the possibly adapted pre-bent open Co-
lapinto or Ross TIPS needle into the inferior vena
cava with the tip safely retracted into the guiding
catheter.

e Direct probing of the right hepatic vein (in excep-
tional cases the middle hepatic vein) with guiding
catheter/needle system via the Amplatz wire and US
control of the position plus digital subtraction an-
giography (DSA).

e Positioning the TIPS guiding catheter at the site
identified by US and DSA for parenchymal incision.

e Liver parenchymal incision with the needle usually
directed anteromedially under alternating control
of ultrasound and fluoroscopy.

e Blood aspiration and, if necessary, injection with
saline or, in the case of presumed location of the
needle tip within the portal vein, with contrast
medium for radiographic visualization of the reg-
ular portal incision. If correctly positioned, inser-
tion of the Amplatz wire via the portal vein into the
splenic vein or the superior mesenteric vein.

e Retraction of the guiding catheter/needle system.

e Exchange for a long 10F airlock.

e Insertion of a catheter (multipurpose or pigtail)
over the Amplatz wire for DSA portogram and mea-
surement of the PPG (gradient between the por-
tal—measured via the catheter—and the hepatic
vein/inferior vena cava—measured via the side-
port of the sheath; notably right atrial pressure
should not be used as a reference point [2, 21])
before TIPS placement. (C1)

e Pre-dilatation of the parenchymal tract with 8/80 mm
balloon catheter.

e Stent graft placement: Covered stent graft (e.g.,
10mm GORE VIATORR) with the length of the cov-
ered portion selected according to the length of the
parenchymal tract. If possible, the covered por-
tion of the stent should not overlap the outlet of
portal vein branches on the portal side. Moreover,
the uncovered outermost distal portion of the stent
(2cm) should not reach into the parenchymal tract
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due to increased thrombogenicity. On the side of
the hepatic vein, attention should be paid to a har-
monically curved outflow tract in the area of the
proximal stent end—otherwise, overlapping stent
extension should be considered.

e TIPS expansion during the initial procedure: For
ascites: 8 mm,; for variceal bleeding indication 8 (to
max. 10) mm aiming at achieving a target PPG of
<12mmHg or a>50% reduction in patients with
high pre-TIPS PPG values. (B1)

e Insertion of a catheter (multipurpose or pigtail) over
the Amplatz wire for portogram and measurement
of the PPG after each TIPS expansion in case multi-
ple expansions are needed.

e In patients with bleeding, consideration of em-
bolization of portosystemic collaterals in the gastric
and esophageal regions that are still visualized.

o Removal of the devices and airlock and application
of a light pressure bandage or exchange for a Quin-
ton catheter.

e PPGvalues before TIPS placement and after each di-
latation step should be stated on the report.

Example 2: Technique with closed puncture system
and CO, portogram

e As an alternative to the technique listed above, TIPS
placement can also be performed with a more flexi-
ble closed coaxial puncture system and guidance via
wedge CO; portogram.

e If the hepatic veins are at a horizontal angle to the
inferior vena cava, such systems may be particularly
helpful.

e Imaging of the portal vein by CO; portogram for
puncture guidance is particularly useful in patients
who are difficult to examine by US.

Follow-up after TIPS placement

e Vasoactive drugs and conventional NSBBs/carvedilol
can be discontinued after successful TIPS place-
ment. (B1)

e Bodyweight should be monitored closely and timely
diuretic dose reduction is recommended. (B1)

e In particular in patients with bleeding as the indica-
tion for TIPS placement, protocol imaging (Doppler
ultrasound; flow velocities <90 or >190cm/s are in-
dicative of stenosis) is advisable before discharge
as well as 3 and 6 months post TIPS placement
and every 6 months thereafter, combined with HCC
surveillance [200]. (C2)

e Additional ultrasound controls should be performed,
if TIPS dysfunction is suspected due to lack/loss of
clinical efficacy. (B1)

e Angiographic controls with hemodynamic evalua-
tion are not routinely required but should be per-
formed when there is a suspicion of TIPS steno-
sis/occlusion or dysfunction. Ideally, these angio-

graphic controls are performed with the option of
TIPS revision within the same session. (C2)

o In case of recurrent/persistent overt HE after TIPS,
portosystemic pressure gradient (PPG) measure-
ment should be performed. TIPS reduction/occlu-
sion should be evaluated based on PPG and clinical
status. (B1)

12. Portal vein thrombosis (PVT) in ACLD

In patients with an initial diagnosis of portal vein
thrombosis (PVT), it is important to distinguish be-
tween ACLD-related PVT (common) and non-cirrhotic
PVT (uncommon), since work-up and treatment are
different. This consensus will only focus on PVT in
patients with ACLD [201, 202]. (D1).

Severity of hepatic dysfunction and of portal hy-
pertension, reduced portal vein velocity (<15cm/sec),
and NASH aetiology increase the risk for PVT, which
may also be triggered by local factors such as pancre-
atitis, infection, surgery, or trauma [203-205]. (D2).

Screening and diagnosis

e Surveillance for PVT is recommended in all patients
with ACLD, especially when evaluated or listed for
liver transplantation, and is usually combined with
HCC surveillance [2, 202, 206]. (B2)

e Screening for PVT should also be performed in pa-
tients with ACLD and new-onset or worsening of
manifestations of portal hypertension, i.e., occur-
rence/worsening of ascites or bleeding from varices.
Furthermore, PVT should be considered as a poten-
tial cause of abdominal pain in patients with ACLD
[207]. (D1)

o Colour Doppler ultrasound is the first-line imaging
method used to screen for PVT, despite lower sen-
sitivity for partial thrombosis as well as technical
limitations such as for detection of thrombosis of
the portal trunk posterior to the duodenum and the
superior mesenteric vein [2, 202, 205, 207, 208]. In
case of uncertainty, contrast-enhanced cross-sec-
tional imaging (CT scan or MRI imaging) should be
performed. (B1)

e In patients with PVT, extension should always be
evaluated by contrast-enhanced cross-sectional
imaging. (B1)

o The role of inherited and acquired prothrombotic
disorders for PVT development in patients with
ACLD is unclear. Therefore, screening for underly-
ing thrombophilia is not generally recommended.
However, indication for screening should be de-
cided on a case-by-case basis in patients with a fam-
ily history of thrombosis, thrombosis at unusual
sites, and a prior history of venous thromboem-
bolism (VTE) [202, 207]. (D1)
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Characterization of a newly diagnosed PVT

In order to enable subsequent evaluation of the

spontaneous course and/or treatment indication,

standardised documentation in the radiological re-
port should include [209] (D1):

— the extension within the splanchnic venous sys-
tem,

— the degree of luminal obstruction (complete/
partial with =50% or <50% of the original lumen
occluded) in each individual vessel, and

— chronicity of clot formation.

In patients with an initial diagnosis of PVT, careful

evaluation for associated hepatic malignancy is es-

sential [202]. (C1)

Prognosis following PVT development in ACLD

PVT increases surgical complexity of liver trans-
plantation and may have a negative impact on post-
transplant outcomes [210, 211]. (B1)

The impact of PVT on outcomes in non-transplant
candidates with ACLD is still a matter of debate.
While PVT development seems to be a symptom
rather than a driver of clinical disease progression,
(response) to anticoagulation was associated with
a better outcome in retrospective studies [212-216].
Furthermore, PVT in patients with ACLD experi-
encing acute variceal bleeding (AVB) was associated
with a higher risk of failure to control bleeding, re-
bleeding and short-term mortality [217, 218]. (C1)

Indications for anticoagulation

Patients with ACLD and PVT should receive antico-

agulation in the following scenarios [2]: (C1)

— Recent (<6 months) completely or partially occlu-
sive (>50%) thrombosis of the portal vein trunk
with or without extension to the superior mesen-
teric vein,

- symptomatic PVT independently of the extension,
or

- any PVT in patients being candidates or listed for
liver transplantation.

Furthermore, anticoagulation should be considered

in the following scenarios [2] (C2):

— Minimally occlusive (<50%) PVT of the portal
vein trunk that progresses on short-term follow-
up (1-3 months) or

— compromises the superior mesenteric vein (SMV).

Duration of anticoagulation and choice of drug

Anticoagulation should be continued until trans-
plantation in patients listed for or potential candi-
dates for liver transplantation [2]. (C1)

consensus report

In non-liver transplant candidates, anticoagulation
should be maintained until portal vein recanaliza-
tion or for a minimum of 6 months [4, 16]. (C1)

As recurrence of thrombosis frequently occurs,
long-term anticoagulation may be considered in
all patients achieving recanalization after individual
risk/benefit-evaluation [12, 16]. (C2)

Low molecular weight heparin (LMWH) may be
used to initiate anticoagulation in patients with
ACLD. LMWH and vitamin K antagonists (VKA) can
be used for long-term anticoagulation in patients
with ACLD [2, 212]. (C1)

Anti-Xa monitoring of LMWH is not representative
in patients with cirrhosis [219]. (C2)

VKA should be monitored in patients with cirrhosis
with an INR aimed at 2-3 [202]. (C1)

Even though data on safety and efficacy is still
limited, direct oral anticoagulants (DOACs) may
be considered for long-term anticoagulation in
patients with compensated cirrhosis (Child-Pugh
class A). (C1)

DOACSs should only be used with caution in patients
with Child-Pugh class B. (C2)

DOACSs should not be used in patients with severe
hepatic impairment (Child-Pugh class C) [220-223].
(C2)

Use of unfractionated heparin (UFH) should be re-
stricted to special situations (e.g., eGFR <30ml/min
or pending invasive procedures) due to the in-
creased risk of heparin-induced thrombocytopenia
(2]. (D2)

In patients with an indication for medical treat-
ment, anticoagulation should be started as early as
possible, since early initiation of anticoagulation
was found to be the most important factor predict-
ing recanalization [224]. (C1)

Follow-up evaluation

Follow-up imaging should be performed with the
same imaging technique after 3-6 months in pa-
tients undergoing anticoagulation [2]. (B1)

First imaging follow-up in patients without current
indication for anticoagulation should be performed
within 4-6 weeks to monitor the course of disease [2,
207]. Further imaging schedule should be decided
on a case-by-case basis. (C1)

Prevention of bleeding events

An adequate prophylaxis for gastrointestinal bleed-
ing must be implemented prior to starting anticoag-
ulation [2, 202]. (B1)

Treatment with NSBBs may be preferred over en-
doscopic band ligation for primary prevention of
variceal bleeding in patients with ACLD and PVT
[225]. (D1)

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver...

@ Springer



consensus report

e Patients with severe thrombocytopenia (e.g.,
<50G/L) are at higher risk of PVT, but also of bleed-
ing complications on anticoagulation, thus, the
risk/benefit ratio should be evaluated on a case-
by-case basis [226, 227]. (C2)

e In patients at risk of falls (e.g., due to HE), risks and
benefits should be evaluated on a case-by base basis
[225]. (D1)

e Interruption of anticoagulant treatment for endo-
scopic band ligation does not seem to be manda-
tory, as there is data from small studies using LMWH/
VKA suggesting that it can be safely performed
[228-230]. Notably, even if interrupted, post-band-
ing ulcer bleeding would usually occur after the
restart of anticoagulation [231]. (C2)

TIPS implantation for PVT in ACLD patients

e Inorder to improve post-transplant outcomes, eval-
uation for TIPS is recommended in patients listed or
potential candidates for liver transplantation with
thrombosis of the portal vein trunk without com-
plete recanalization after 6 months of anticoagula-
tion or with contraindication to anticoagulation [2,
232]. (C1)

e TIPS implantation should be considered in patients
with ACLD and PVT experiencing severe portal hy-
pertension-related complications [233]. (C2)

e The presence of portal cavernoma, no identifiable
intrahepatic portal trunk or intrahepatic portal vein
branches, and no appropriate landing zone increase
technical difficulty of TIPS implantation, thus, re-
quiring a careful risk/benefit assessment at an ex-
pert center [218]. (D2)

e No general recommendation regarding continua-
tion or stopping of anticoagulant treatment after
TIPS implantation for PVT can be made. The deci-
sion should consider risk/benefit assessment and
post-TIPS flow [234]. (D2)

PVT in ACLD patients with hepatic malignancies

e Patients with hepatic malignancies including hepa-
tocellular carcinoma (HCC) are at high risk for de-
veloping malignant and non-malignant PVT [235,
236]. (B1)

e Occurrence of PVT in the presence of HCC does not
directly imply vascular invasion. Malignant PVT is
best diagnosed by triphasic CT or colour Doppler ul-
trasound/contrast-enhanced ultrasound and char-
acterized by neovascularization of the thrombus, ar-
terial enhancement with rapid washout and direct
invasion by an adjacent hepatic mass [3, 236]. (B1)

e In general, anticoagulation is not indicated for ma-
lignant PVT, even though it may be considered in
selected patients with symptomatic or progressive
PVT [202]. (C2)

Funding Open access funding provided by Medical University
of Vienna.

Conflict of interest M. Mandorfer served as a speaker and/or
consultant and/or advisory board member for AbbVie, Al-
bireo, Collective Acumen, Gilead, Takeda, and W. L. Gore
& Associates and received travel support from AbbVie and
Gilead. E. Aigner served as a speaker and/or consultantand/or
advisory board member for Gilead, Sanofi-Genzyme, Takeda,
Advanz Pharma, Roche, Novartis. B. Scheiner received travel
support fromm AbbVie, Ipsen and Gilead. M. Gschwantler re-
ceived grants from AbbVie, Gilead, and MSD; speaking hono-
raria/advisoryboard fees from AbbVie, Gilead, MSD, Janssen,
BMS, Roche, Intercept, Alnylam, Norgine, AstraZeneca, Falk,
Gebro Pharma and Shionogi. M. Jachs served as a speaker
and/or consultant for Gilead and received travel support from
Gilead. S. Hametner-Schreil served as speaker and/or advi-
sory board member for AbbVie, Gilead, Roche and MSD.
M. Peck-Radosavljevic has served as an investigator for As-
traZeneca, Bayer, BMS, Boehringer Ingelheim, Exelixis, Eisai,
Gilead, Lilly, Ipsen, Novartis, and Roche. He has served as
speaker or adviser for AstraZeneca, Bayer, BMS, Boehringer
Ingelheim, Eisai, Gilead, Ipsen, Lilly, MSD, and Roche. He
received grant support from Bayer and Gilead, and he served
in data and safety monitoring boards for BMS, Boehringer
Ingelheim, Lilly-Imclonse and ONEXO. P. Schwabl served as
constultant for PharmalN. R. Stauber served as a speaker for
Boston Scientific and Medtronic. S. Reiter received speakers’
honoraria from Intercept Pharma Austria as well as travel
support from AbbVie and Gilead. M. Trauner received grant
support from Albireo, Alnylam, Cymabay, Falk, Gilead, Inter-
cept, MSD, Takeda, and UltraGenyx, honoraria for consult-
ing from Albireo, Boehringer Ingelheim, BiomX, Falk, Genfit,
Gilead, Hightide, Intercept, Janssen, MSD, Novartis, Phenex,
Pliant, Regulus, and Shire, speaker fees from Bristol-Myers
Squibb, Falk, Gilead, Intercept, and MSD, as well as travel
support from AbbVie, Falk, Gilead, Intercept and Jannsen.
V. Stadlbauer received speaker’s honoraria and travel sup-
port from Merz Therapeutics, Albireo, Sanofi. T. Reiberger
served as a speaker and/or consultant and/or advisory board
member speaking honoraria from AbbVie, Bayer, Boehringer-
Ingelheim, Gilead, Intercept, MSD, Roche, Siemens, and W.
L. Gore & Associates and received travel support from AbbVie,
Boehringer-Ingelheim, Gilead, and Roche as well as grants/
research supportfrom AbbVie, Boehringer-Ingelheim, Gilead,
Intercept, MSD, Myr Pharmaceuticals, Philips Healthcare, Pli-
ant, Siemens, and W. L. Gore & Associates. M. Cejna, A. Fer-
litsch, C. Datz, T. Gréter, 1. Graziadei, H. Hofer, A. Loizides,
A. Maieron, E Rainer, , G. Semmler, L. Reider, M. Schoder,
R. Schéfl, E. Tatscher, A. Ziachehabi, H. Zoller and P. Fickert
declare that they have no competing interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver. ..


http://creativecommons.org/licenses/by/4.0/

consensus report

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

. European Association for the Study of the Liver.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y,
Alonso-Coello B, et al. GRADE: an emerging consensus
onrating quality of evidence and strength of recommenda-
tions. BMJ. 2008;336:924-6.

. deFranchis R, Bosch ], Garcia-Tsao G, Reiberger T, Ripoll C,

Baveno VII Faculty. Baveno VII—renewing consensus in
portalhypertension. ] Hepatol. 2022;76:959-74.

. Schwabl P, Bota S, Salzl B, Mandorfer M, Payer BA, Ferl-

itsch A, et al. New reliability criteria for transient elastog-
raphy increase the number of accurate measurements for
screening of cirrhosis and portal hypertension. Liver Int.
2015;35:381-90.

EASL
clinical practice guidelines on non-invasive tests for evalu-
ation of liver disease severity and prognosis—2021 update.
JHepatol. 2021;75:659-89.

. Semmler G, Hartl L, Jachs M, Simbrunner B, Hofer BS,

Balcar L, et al. EASL liver congress (TM) abstract # 2477: is
elastography needed for diagnosing cACLD and stratifying
CSPHrisk? 2023.

. Bosch J, Gracia-Sancho J, Abraldes JG. Cirrhosis as new

indication for statins. Gut. 2020;69:953-62.

. Stift J, Semmler G, Walzel C, Mandorfer M, Schwarzer R,

Schwabl P, et al. Transjugular aspiration liver biopsy per-
formed by hepatologists trained in HVPG measurements is
safe and provides important diagnostic information. Dig
LiverDis. 2019;51:1144-51.

. Reiberger T, Schwabl P, Trauner M, Peck-Radosavljevic M,

Mandorfer M. Measurement of the hepatic venous pressure
gradient and transjugular liver biopsy. J Vis Exp. 2020;
https://doi.org/10.3791/58819.

. Zipprich A, Winkler M, Seufferlein T, Dollinger MM. Com-

parison of balloon vs. straight catheter for the measure-
ment of portal hypertension. Aliment Pharmacol Ther.
2010;32:1351-6.

FerlitschA, BotaS$, PaternostroR, Reiberger T, Mandorfer M,
Heinisch B, et al. Evaluation of a new balloon occlusion
catheter specifically designed for measurement of hepatic
venous pressure gradient. Liver Int. 2015;35:2115-20.
Maleux G, Willems E, Fieuws S, Heye S, Vaninbroukx J,
Laleman W, et al. Prospective study comparing different
indirect methods to measure portal pressure. J Vasc Interv
Radiol. 2011;22:1553-8.

Groszmann RJ, Wongcharatrawee S. The hepatic venous
pressure gradient: anything worth doing should be done
right. Hepatology. 2004;39:280-2.

Steinlauf AE Garcia-Tsao G, Zakko ME Dickey K, Gupta T,
Groszmann RJ. Low-dose midazolam sedation: an option
for patients undergoing serial hepatic venous pressure
measurements. Hepatology. 1999;29:1070-3.

Reverter E, Blasi A, Abraldes JG, Martinez-Palli G, Seijo S,
Turon E et al. Impact of deep sedation on the accuracy
of hepatic and portal venous pressure measurements in
patientswith cirrhosis. Liver Int. 2014;34:16-25.
EbrahimiF, Semela D, Heim M. Impact of propofol sedation
on the diagnostic accuracy of hepatic venous pressure
gradient measurements in patients with cirrhosis. Hepatol
Int. 2022;16:817-23.

Zhang H, Yang L, Yu Z, Li D, Li L, Li S, et al. Impact of
fentanyl analgesia on the accuracy of HVPG measurements
in patients with cirrhosis: a prospective, multicenter study.
Hepatol Commun. 2023;7:e2.

Casu S, Berzigotti A, Abraldes JG, Baringo MA, RocabertL,
Hernandez-GeaV, et al. A prospective observational study

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

on tolerance and satisfaction to hepatic haemodynamic
procedures. Liver Int. 2015;35:695-703.

Gaiani S, Bolondi L, Bassi LS, Santi V, Zironi G, Barbara L.
Effect of meal on portal hemodynamics in healthy humans
and in patients with chronic liver disease. Hepatology.
1989;9:815-9.

De Gottardi A, Sempoux C, Berzigotti A. Porto-sinusoidal
vascular disorder. J Hepatol. 2022;77:1124-35.

Rossle M, Blanke P, Fritz B, Schultheiss M, Bettinger D.
Free hepatic vein pressure is not useful to calculate the
portal pressure gradient in cirrhosis: a morphologic and
hemodynamicstudy. J VascIntervRadiol. 2016;27:1130-7.
Silva-Junior G, Baiges A, Turon E Torres E Hernandez-
Gea V, Bosch J, et al. The prognostic value of hepatic
venous pressure gradientin patients with cirrhosisis highly
dependent on the accuracy of the technique. Hepatology.
2015;62:1584-92.

Ripoll C, Groszmann R, Garcia-Tsao G, Grace N, Bur-
roughs A, Planas R, et al. Hepatic venous pressure gra-
dient predicts clinical decompensation in patients with
compensated cirrhosis. Gastroenterology. 2007;133:481-8.
Mandorfer M, Kozbial K, Schwabl B, Chromy D, Semmler G,
Stiattermayer AE et al. Changes in hepatic venous pressure
gradient predict hepatic decompensation in patients who
achieved sustained virologic response to interferon-free
therapy. Hepatology. 2020;71:1023-36.

Stremitzer S, Tamandl D, Kaczirek K, Maresch J, Abbasov B,
Payer BA, et al. Value of hepatic venous pressure gradi-
ent measurement before liver resection for hepatocellular
carcinoma. BrJSurg. 2011;98:1752-8.

Reig M, Forner A, Rimola J, Ferrer-Fabrega ], Burrel M,
Garcia-Criado A, et al. BCLC strategy for prognosis pre-
diction and treatment recommendation: the 2022 update.
JHepatol. 2022;76:681-93.

Reverter E, Cirera I, Albillos A, Debernardi-Venon W,
Abraldes JG, Llop E, et al. The prognostic role of hepatic
venous pressure gradient in cirrhotic patients undergoing
elective extrahepaticsurgery. J Hepatol. 2019;71:942-50.
Mandorfer M, Herndndez-Gea V, Reiberger T, Garcia-
Pagéan JC. Hepatic venous pressure gradient response in
non-selective beta-blocker treatment—is it worth measur-
ing? Curr Hepatology Rep. 2019;18:174-86.

Paternostro R, Becker J, Hofer BS, Panagl V, Schiffke H,
Simbrunner B, et al. The prognostic value of HVPG-
response to non-selective beta-blockers in patients with
NASH cirrhosisand varices. DigLiver Dis. 2022;54:500-8.
Turco L, Villanueva C, La Mura V, Garcia-Pagan JC,
Reiberger T, Genesca J, et al. Lowering portal pressure
improves outcomes of patients with cirrhosis, with or with-
out ascites: a meta-analysis. Clin Gastroenterol Hepatol.
2020;18:313-327.e6.

Villanueva C, Albillos A, Genesca J, Garcia-Pagan JC,
Calleja JL, Aracil C, et al. beta blockers to prevent decom-
pensation of cirrhosis in patients with clinically significant
portal hypertension (PREDESCI): a randomised, dou-
ble-blind, placebo-controlled, multicentre trial. Lancet.
2019;393:1597-608.

Hofer BS, Simbrunner B, Bauer DJM, Paternostro R, Schw-
abl B, Scheiner B, et al. Acute hemodynamic response to
propranolol predicts bleeding and nonbleeding decom-
pensation in patients with cirrhosis. Hepatol Commun.
2022;6:2569-80.

.Mandorfer M, Turon E Lens S, Baiges A, Ferrusquia J,

MagazM, etal. Sustainedvirologicresponsetodirect-acting
antivirals does affect the risk of portal vein thrombosis in
patients with advanced chronic liver disease. ] Hepatol.
2020;73:5619-S20.

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver...

@ Springer


https://doi.org/10.3791/58819

consensus report

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Laleman W, Vanderschueren E, Van der Merwe S, ChangKJ.
The use of endoscopic ultrasound in the diagnosis and
management of portal hypertension. Best Pract Res Clin
Gastroenterol. 2022;60-61:101811.

Hametner S, Ferlitsch A, FerlitschM, Etschmaier A, SchoflR,
Ziachehabi A, et al. The VITRO score (von Willebrand
factor antigen/thrombocyte ratio) as a new marker for
clinically significant portal hypertension in comparison to
other non-invasive parameters of fibrosis including ELF
test. PLoOSONE. 2016;11:€149230.

Semmler G, Binter T, Kozbial K, Schwabl P, Hametner-
Schreil S, Zanetto A, et al. Noninvasive risk stratification
after HCV eradication in patients with advanced chronic
liver disease. Hepatology. 2021;73:1275-89.

Jachs M, Hartl L, Simbrunner B, Bauer D, Paternostro R,
Scheiner B, et al. Decreasing von Willebrand factor
levels upon nonselective beta blocker therapy indicate
a decreased risk of further decompensation, acute-on-
chronicliverfailure, and death. Clin Gastroenterol Hepatol.
2022;20:1362-1373.€6.

Reuken PA, Kussmann A, Kiehntopf M, Budde U, Stall-
mach A, Claus RA, et al. Imbalance of von Willebrand
factoranditscleavingprotease ADAMTS13 duringsystemic
inflammation superimposed on advanced cirrhosis. Liver
Int. 2015;35:37-45.

Jachs M, Hartl L, Simbrunner B, Bauer D, Paternostro R,
Scheiner B, et al. The sequential application of Baveno
VII criteria and VITRO score improves diagnosis of clini-
cally significant portal hypertension. Clin Gastroenterol
Hepatol. 2022; https://doi.org/10.1016/j.cgh.2022.09.032.
Dajti E, Ravaioli E Marasco G, Alemanni LV, Colecchia L,
Ferrarese A, et al. A combined Baveno VII and spleen
stiffness algorithm to improve the noninvasive diagnosis
of clinically significant portal hypertension in patients
with compensated advanced chronic liver disease. Am J
Gastroenterol. 2022;117:1825-33.

Woran K, Semmler G, Jachs M, Simbrunner B, Bauer DJM,
Binter T, et al. Clinical course of porto-sinusoidal vascular
disease is distinct from idiopathic noncirrhotic portal hy-
pertension. Clin Gastroenterol Hepatol. 2022;20:e251-e66.
Elkrief L, Lazareth M, Chevret S, Paradis V, Magaz M,
Blaise L, et al. Liver stiffness by transient elastography to
detect porto-sinusoidal vascular liver disease with portal
hypertension. Hepatology. 2021;74:364-78.
Ferreira-Silva ], Gaspar R, Liberal R, Cardoso H, Macedo G.
Splenic-hepatic elastography index is useful in differenti-
ating between porto-sinusoidal vascular disease and cir-
rhosis in patients with portal hypertension. Dig Liver Dis.
2023;55:75-80.

Pons M, Augustin S, Scheiner B, Guillaume M, Rosselli M,
Rodrigues SG, et al. Noninvasive diagnosis of portal hyper-
tension in patients with compensated advanced chronic
liver disease. Am ] Gastroenterol. 2021;116:723-32.
Semmler G, Lens S, Meyer EL, Baiges A, Alvardo-Tapias E,
Llop E, et al. Non-invasive tests for clinically signif-
icant portal hypertension after HCV cure. ] Hepatol.
2022;77:1573-85.

Reiberger T, Piispok A, Schoder M, Baumann-Durch-
schein E Bucsics T, Datz C, et al. Austrian consensus
guidelines on the management and treatment of por-
tal hypertension (Billroth IIT). Wien Klin Wochenschr.
2017;129:135-58.

Simbrunner B, Beer A, Woran K, Schmitz E Primas C,
Wewalka M, et al. Portal hypertensive gastropathy is asso-
ciated withiron deficiency anemia. Wien Klin Wochenschr.
2020;132:1-11.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

. Smith LA, Morris AJ, Stanley AJ. The use of hemospray in

portal hypertensive bleeding; a case series.
2014;60:457-60.

Mohan BP, Toy G, Kassab LL, Ponnada S, Chandan S,
Parbhu S, et al.  Endoscopic band ligation in the
treatment of gastric antral vascular ectasia: a system-
atic review and meta-analysis.  Gastrointest Endosc.
2021;94:1021-1029.e10.

Groszmann RJ, Garcia-Tsao G, Bosch J, Grace ND, Bur-
roughs AK, Planas R, et al. Beta-blockers to prevent
gastroesophageal varicesin patients with cirrhosis. NEngl]J
Med. 2005;353:2254-61.

Villanueva C, Albillos A, Genesca J, Abraldes JG, Calleja JL,
Aracil C, et al. Development of hyperdynamic circulation
and response to beta-blockers in compensated cirrhosis
with portalhypertension. Hepatology. 2016;63:197-206.
Sinagra E, Perricone G, D’Amico M, Tiné E D’Amico G.
Systematic review with meta-analysis: the haemodynamic
effects of carvedilol compared with propranolol for por-
tal hypertension in cirrhosis. Aliment Pharmacol Ther.
2014;39:557-68.

Reverter E, Tandon P, Augustin S, Turon E Casu S, Basti-
ampillai R, et al. A MELD-based model to determine risk
of mortality among patients with acute variceal bleeding.
Gastroenterology. 2014;146:412-419.e3.

Nicoara-Farcau O, Han G, Rudler M, Angrisani D, Mon-
escillo A, Torres E et al. Effects of early placement of
transjugular portosystemic shunts in patients with high-
risk acute variceal bleeding: a meta-analysis of individual
patientdata. Gastroenterology. 2021;160:193-205.e10.
Villanueva C, Colomo A, Bosch A, Concepcion M, Her-
nandez-Gea V, Aracil C, et al. Transfusion strategies for
acute upper gastrointestinal bleeding. N Engl ] Med.
2013;368:11-21.

European Association for the Study of the Liver. EASL
clinical practiceguidelines on preventionand management
of bleeding and thrombosis in patients with cirrhosis.
JHepatol. 2022;76:1151-84.

Seo YS, Park SY, Kim MY, Kim JH, Park JY, Yim HJ, et al.
Lack of difference among terlipressin, somatostatin, and
octreotidein the control of acute gastroesophageal variceal
hemorrhage. Hepatology. 2014;60:954-63.

Jha SK, Mishra M, Jha A, Dayal VM. Comparison of con-
tinuous versus intermittent infusions of terlipressin for the
control of acute variceal bleeding in patients with portal
hypertension: an open-label randomized controlled trial.
Indian] Gastroenterol. 2018;37:313-20.

Arora V, Choudhary SP, Maiwall R, Vijayaraghavan R, Jin-
dal A, Kumar G, et al. Low-dose continuous terlipressin
infusion is effective and safer than intravenous bolus in-
jections in reducing portal pressure and control of acute
variceal bleeding. HepatolInt. 2023;17:131-8.

Escorsell A, Pavel O, Cardenas A, Morillas R, Llop E, Vil-
lanueva C, et al. Esophageal balloon tamponade versus
esophageal stent in controlling acute refractory variceal
bleeding: amulticenter randomized, controlled trial. Hep-
atology. 2016;63:1957-67.

Pfisterer N, Riedl E Pachofszky T, Gschwantler M, KonigK,
Schuster B, et al. Outcomes after placement of a SX-
ELLA oesophageal stent for refractory variceal bleeding—a
national multicentre study. Liver Int. 2019;39:290-8.
European Association for the Study of the Liver. EASL
clinical practice guidelines for the management of patients
withdecompensated cirrhosis. JHepatol. 2018;69:406—60.
Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J,
etal. Acute-on-chronicliver failureis a distinct syndrome

J Hepatol.

@ Springer

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver. ..


https://doi.org/10.1016/j.cgh.2022.09.032

63
64
65

66
67

68
69
70

71

72
73

74

75

76

77
78

79

that develops in patients with acute decompensation of
cirrhosis. Gastroenterology. 1437;1437:e1421-9.

.Sarin SK, Choudhury A, Sharma MK, Maiwall R, Al
Mahtab M, Rahman S, et al. Acute-on-chronicliver failure:
consensus recommendations of the Asian Pacific associa-
tion for the study of the liver (APASL): an update. Hepatol
Int. 2019;13:353-90.

.Jachs M, Hartl L, Simbrunner B, Bauer DJM, Paternostro R,
BalcarL, etal. Carvedilolis associated with superior hemo-
dynamic response and rebleeding rates in comparison to
propranolol in secondary prophylaxis of variceal bleeding.
JHepatol. 2022;77:5S632-S3.

. Abraldes]JG, Villanueva C, Baiiares R, Aracil C, Catalina MV,
Garci APJC, et al. Hepatic venous pressure gradient and
prognosis in patients with acute variceal bleeding treated
with pharmacologic and endoscopic therapy. J Hepatol.
2008;48:229-36.

. ZhangM, WangG, Zhao L, Wu Z, Zhang W, Zhang C. Second
prophylaxis of variceal bleeding in cirrhotic patients with
ahigh HVPG. Scand] Gastroenterol. 2016;51:1502-6.

. European Association for the Study of the Liver. EASL
clinical practice guidelines on the management of hepatic
encephalopathy. J Hepatol. 2022;77:807-24.

. Campagna E Montagnese S, Ridola L, Senzolo M, Schiff S,
De Rui M, et al. The animal naming test: an easy tool for
the assessment of hepatic encephalopathy. Hepatology.
2017;66:198-208.

. Ewig S, Kolditz M, Pletz M, Altiner A, Albrich W, Dr6-
mann D, etal. Behandlungvon erwachsenen Patienten mit
ambulant erworbener Pneumonie — Update 2021. 2021.
pp.665-729.

. Dalhoff K, Abele-Horn M, Andreas S, Deja M, Ewig S,
Gastmeier P, etal. Epidemiologie, Diagnostik und Therapie
erwachsener Patienten mit nosokomialer Pneumonie —
Update2017.2018. pp. 15-63.

. D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and
prognostic indicators of survival in cirrhosis: a systematic
reviewof 118studies. JHepatol. 2006;44:217-31.

. Planas R, Montoliu S, Balleste B, Rivera M, Miquel M,
Masnou H, et al. Natural history of patients hospitalized
for management of cirrhotic ascites. Clin Gastroenterol
Hepatol. 2006;4:1385-94.

. Moore KP, Wong E Gines P, Bernardi M, Ochs A, Salerno E
et al. The management of ascites in cirrhosis: report on
the consensus conference of the international ascites club.
Hepatology. 2003;38:258-66.

. Aithal GP, Palaniyappan N, China L, Harmala S, Macken L,
Ryan]JM, etal. Guidelines on the management of ascites in
cirrhosis. Gut. 2021;70:9-29.

. Runyon BA. Paracentesis of ascitic fluid. A safe procedure.
ArchInternMed. 1986;146:2259-61.

. Runyon BA, Montano AA, Akriviadis EA, Antillon MR, Irv-
ing MA, McHutchison JG. The serum-ascites albumin gra-
dient is superior to the exudate-transudate concept in
the differential diagnosis of ascites. Ann Intern Med.
1992;117:215-20.

. Lautz HU, Selberg O, Korber J, Burger M, Muller MJ. Pro-
tein-calorie malnutrition in liver cirrhosis. Clin Investig.
1992;70:478-86.

. Periyalwar P, Dasarathy S. Malnutrition in cirrhosis: contri-
bution and consequences of sarcopenia on metabolic and
clinicalresponses. Clin Liver Dis. 2012;16:95-131.

. Haberl J, Zollner G, Fickert P, Stadlbauer V. To salt or
not to salt?-That is the question in cirrhosis. Liver Int.
2018;38:1148-59.

. Santos J, Planas R, Pardo A, Durandez R, Cabre E, Moril-
las RM, et al. Spironolactone alone or in combination

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

consensus report

with furosemide in the treatment of moderate ascites in
nonazotemiccirrhosis. Arandomized comparative study of
efficacyandsafety. JHepatol. 2003;39:187-92.

Angeli P, Fasolato S, Mazza E, Okolicsanyi L, Maresio G,
VeloE, etal. Combinedversus sequential diuretic treatment
of ascites in non-azotaemic patients with cirrhosis: results
ofanopenrandomised clinical trial. Gut. 2010;59:98-104.
Daskalopoulos G, Laffi G, Morgan T, Pinzani M, Harley H,
Reynolds T, et al. Immediate effects of furosemide on
renal hemodynamics in chronic liver disease with ascites.
Gastroenterology. 1987;92:1859-63.

Sehgal R, Singh H, Singh IP. Comparative study of spirono-
lactone and eplerenone in management of ascites in pa-
tients of cirrhosis of liver. Eur J Gastroenterol Hepatol.
2020;32:535-9.

Gerbes AL, Bertheau-Reitha U, Falkner C, Jungst D, Paum-
gartner G. Advantages of the new loop diuretic torasemide
over furosemide in patients with cirrhosis and ascites. A
randomized, double blind cross-over trial. ] Hepatol.
1993;17:353-8.

Wong E Watson H, Gerbes A, Vilstrup H, Badalamenti S,
BernardiM, etal. Satavaptan for the management of ascites
in cirrhosis: efficacy and safety across the spectrum of
ascites severity. Gut. 2012;61:108-16.

Bernardi M, Caraceni P, Navickis RJ, Wilkes MM. Albumin
infusion in patients undergoing large-volume paracente-
sis: a meta-analysis of randomized trials. Hepatology.
2012;55:1172-81.

Peltekian KM, Wong E Liu PP, Logan AG, Sherman M,
Blendis LM. Cardiovascular, renal, and neurohumoral re-
sponses to single large-volume paracentesis in patients
with cirrhosis and diuretic-resistantascites. AmJ Gastroen-
terol. 1997;92:394-9.

Bernardi M, Angeli P, Claria J, Moreau R, Gines P, Jalan R,
etal. Albumin in decompensated cirrhosis: new concepts
and perspectives. Gut. 2020;69:1127-38.

Boyer TD, Zia P, Reynolds TB. Effect of indomethacin and
prostaglandin Al on renal function and plasma renin
activity in alcoholic liver disease.  Gastroenterology.
1979;77:215-22.

Pariente EA, Bataille C, Bercoff E, Lebrec D. Acute effects
of captopril on systemic and renal hemodynamics and on
renal function in cirrhotic patients with ascites. Gastroen-
terology. 1985;88:1255-9.

Cabrera]J, Arroyo V, Ballesta AM, Rimola A, GualJ, Elena M,
et al. Aminoglycoside nephrotoxicity in cirrhosis. Value
of urinary beta 2-microglobulin to discriminate functional
renal failure from acute tubular damage. Gastroenterology.
1982;82:97-105.

O’Leary JG, Reddy KR, Wong E Kamath PS, Patton HM,
Biggins SW, et al. Long-term use of antibiotics and pro-
ton pump inhibitors predict development of infections
in patients with cirrhosis. Clin Gastroenterol Hepatol.
2015;13:753-759.e1-2.

NjeiB,McCarty TR, Garcia-Tsao G.Beta-blockersin patients
withcirrhosisandascites: typeofbeta-blockermatters. Gut.
2016;65:1393-4.

Reiberger T, Mandorfer M. Beta adrenergic blockade and
decompensated cirrhosis. J Hepatol. 2017;66:849-59.
WongRJ, RobinsonA, Ginzberg D, Gomes C, Liu B, Bhuket T.
Assessing the safety of beta-blocker therapy in cirrho-
sis patients with ascites: a meta-analysis. Liver Int.
2019;39:1080-8.

SolaE, Sole C, Simon-Talero M, Martin-LlahiM, Castellote],
Garcia-Martinez R, et al. Midodrine and albumin for pre-
vention of complicationsin patients with cirrhosis awaiting

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver...

@ Springer



consensus report

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

liver transplantation. A randomized placebo-controlled
trial. JHepatol. 2018;69:1250-9.

Caraceni P, O’Brien A, Gines P. Long-term albumin treat-
ment in patients with cirrhosis and ascites. ] Hepatol.
2022;76:1306-17.

Bureau C, Thabut D, Oberti E Dharancy S, Carbonell N,
Bouvier A, et al. Transjugular intrahepatic portosystemic
shuntswith covered stentsincrease transplant-freesurvival
of patients with cirrhosis and recurrent ascites. Gastroen-
terology. 2017;152:157-63.

Moreau R, Delegue P, Pessione E Hillaire S, Durand E
Lebrec D, et al. Clinical characteristics and outcome of
patients with cirrhosis and refractory ascites. Liver Int.
2004;24:457-64.

Gines P, Cardenas A, Arroyo V, Rodes J. Management of
cirrhosisandascites. NEngl] Med. 2004;350:1646-54.
El-Bokl MA, Senousy BE, El-Karmouty KZ, Mohammed IE,
Mohammed SM, Shabana SS, et al. Spot urinary sodium
for assessing dietary sodium restriction in cirrhotic ascites.
World]J Gastroenterol. 2009;15:3631-5.

European Association for the Study of the Liver. EASL
clinical practice guidelines on the management of ascites,
spontaneous bacterial peritonitis, and hepatorenal syn-
dromein cirrhosis. JHepatol. 2010;53:397-417.

Salerno E Camma C, Enea M, Rossle M, Wong E Transjugu-
lar intrahepatic portosystemic shunt for refractory ascites:
a meta-analysis of individual patient data. Gastroenterol-
ogy. 2007;133:825-34.

GabaRC, Parvinian A, Casadaban LC, Couture PM, Zivin SP,
Lakhoo J, et al. Survival benefit of TIPS versus serial
paracentesis in patients with refractory ascites: a single
institution case-control propensity score analysis. Clin
Radiol. 2015;70:e51-7.

Berry K, Lerrigo R, Liou IW, Ioannou GN. Association be-
tween transjugular intrahepatic portosystemic shunt and
survival in patients with cirrhosis. Clin Gastroenterol
Hepatol. 2016;14:118-23.

Bai M, Qi XS, Yang ZP, Yang M, Fan DM, Han GH. TIPS
improves liver transplantation-free survival in cirrhotic
patients with refractory ascites: an updated meta-analysis.
World] Gastroenterol. 2014;20:2704-14.

Trebicka J, Bastgen D, Byrtus J, Praktiknjo M, Terstiegen S,
Meyer C, et al. Smaller-diameter covered transjugu-
lar intrahepatic portosystemic shunt stents are associ-
ated with increased survival. Clin Gastroenterol Hepatol.
2019;17:2793-2799.el.

Tan HK, James PD, Sniderman KW, Wong E Long-term clini-
cal outcome of patients with cirrhosis and refractoryascites
treated with transjugular intrahepatic portosystemic shunt
insertion. ] Gastroenterol Hepatol. 2015;30:389-95.
Praktiknjo M, Abu-Omar J, Chang J, Thomas D, Jansen C,
Kupczyk P, et al. Controlled underdilation using novel
VIATORR(R) controlled expansion stents improves sur-
vival after transjugular intrahepatic portosystemic shunt
implantation. JHEPRep. 2021;3:100264.

Bellot B, Welker MW, Soriano G, von Schaewen M, Appen-
rodt B, Wiest R, et al. Automated low flow pump system
for the treatment of refractory ascites: amulti-center safety
and efficacy study. J Hepatol. 2013;58:922-7.

Bureau C, Adebayo D, Chalret de Rieu M, Elkrief L, Valla D,
Peck-Radosavljevic M, et al. Alfapump(R) system vs. large
volume paracentesis for refractory ascites: a multicenter
randomized controlled study. J Hepatol. 2017;67:940-9.
Stirnimann G, Banz V, Storni E De Gottardi A. Automated
low-flow ascites pump for the treatment of cirrhotic pa-
tients with refractory ascites. Therap Adv Gastroenterol.
2017;10:283-92.

113

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

. Tergast TL, Griemsmann M, Stockhoff L, Heidrich B,
Schirmer H, Lenzen H, et al. Home-based, tunnelled
peritoneal drainage system as an alternative treatment op-
tion for patients with refractory ascites. Aliment Pharmacol
Ther. 2022;56:529-39.

Badillo R, Rockey DC. Hepatic hydrothorax: clinical fea-
tures, management, and outcomes in 77 patients and
reviewoftheliterature. Medicine. 2014;93:135-42.

Banini BA, Alwatari Y, Stovall M, Ogden N, Gershman E,
Shah RD, et al. Multidisciplinary management of hep-
atic hydrothorax in 2020: an evidence-based review and
guidance. Hepatology. 2020;72:1851-63.

Singh A, Bajwa A, Shujaat A. Evidence-based review of
the management of hepatic hydrothorax. Respiration.
2013;86:155-73.

Liu LU, Haddadin HA, Bodian CA, Sigal SH, Korman JD,
Bodenheimer HC Jr.,, et al. Outcome analysis of cir-
rhotic patients undergoing chest tube placement. Chest.
2004;126:142-8.

OrmanES, Lok AS. Outcomes of patients with chest tube in-
sertionforhepatichydrothorax. HepatolInt. 2009;3:582-6.
Ditah IC, Al Bawardy BE Saberi B, Ditah C, Kamath PS.
Transjugular intrahepatic portosystemic stent shunt for
medically refractory hepatic hydrothorax: a systematic
review and cumulative meta-analysis. World J Hepatol.
2015;7:1797-806.

Siegerstetter V, Deibert P, Ochs A, Olschewski M, Blum HE,
Rossle M. Treatment of refractory hepatic hydrothorax
with transjugular intrahepatic portosystemic shunt: long-
term results in 40 patients. Eur J Gastroenterol Hepatol.
2001;13:529-34.

Xiol X, Tremosa G, Castellote J, Gornals J, Lama C, Lopez C,
et al. Liver transplantation in patients with hepatic hy-
drothorax. TransplInt. 2005;18:672-5.

ShojaeeS,Rahman N, HaasK, KernR, Leise M, AlnijoumiM,
et al. Indwelling tunneled pleural catheters for refractory
hepatic hydrothorax in patients with cirrhosis: a multicen-
ter study. Chest. 2019;155:546-53.

HouE Qi X, Guo X. Effectiveness and safety of pleurodesis
for hepatic hydrothorax: a systematic review and meta-
analysis. DigDis Sci. 2016;61:3321-34.

Huang PM, Kuo SW, Chen JS, Lee JM. Thoracoscopic mesh
repair of diaphragmatic defects in hepatic hydrothorax: a
10-year experience. Ann Thorac Surg. 2016;101:1921-7.
Kim JJ, Tsukamoto MM, Mathur AK, Ghomri YM, Hou LA,
Sheibani S, et al. Delayed paracentesis is associated
with increased in-hospital mortality in patients with
spontaneous bacterial peritonitis. Am ] Gastroenterol.
2014;109:1436-42.

Piano S, Fasolato S, Salinas E Romano A, Tonon M,
Morando E et al. The empirical antibiotic treatment
of nosocomial spontaneous bacterial peritonitis: results
of a randomized, controlled clinical trial. Hepatology.
2016;63:1299-309.

European Association for the Study of the Liver. EASL
clinical practice guidelines on the management of ascites,
spontaneous bacterial peritonitis, and hepatorenal syn-
dromeincirrhosis. JHepatol. 2010;53:397-417.

Sort P Navasa M, Arroyo V, Aldeguer X, Planas R, Ruiz-
del-Arbol L, et al. Effect of intravenous albumin on re-
nal impairment and mortality in patients with cirrhosis
and spontaneous bacterial peritonitis. N Engl ] Med.
1999;341:403-9.

Mandorfer M, Reiberger T. Betablockersandcirrhosis, 2016.
DigLiver Dis. 2017;49:3-10.

@ Springer

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver. ..



consensus report

130. Jachs M, Reiberger T. Prevention of variceal bleeding and
rebleeding by nonselective beta-blockers: a tailored ap-
proach. ClinLiver Dis. 2021;25:311-26.

131. Fong TL, Akriviadis EA, Runyon BA, Reynolds TB. Polymor-
phonuclear cell count response and duration of antibiotic
therapy in spontaneous bacterial peritonitis. Hepatology.
1989;9:423-6.

132. Bucsics T, Schwabl P, Mandorfer M, Peck-Radosavljevic M.
Prognosis of cirrhotic patients with fungiascites and spon-
taneous fungal peritonitis (SFP). JHepatol. 2016;64:1452—4.

133. Fernandez J, Navasa M, Planas R, Montoliu S, Monfort D,
Soriano G, etal. Primary prophylaxis of spontaneous bacte-
rial peritonitis delays hepatorenal syndrome and improves
survivalin cirrhosis. Gastroenterology. 2007;133:818-24.

134. Fernandez J, Tandon P, Mensa J, Garcia-Tsao G. Antibiotic
prophylaxis in cirrhosis: good and bad. Hepatology.
2016;63:2019-31.

135. Ginés P, Rimola A, Planas R, Vargas V, Marco E Almela M, et
al. Norfloxacin prevents spontaneous bacterial peritonitis
recurrence in cirrhosis: results of a double-blind, placebo-
controlled trial. Hepatology. 1990;12:716-24.

136. Miicke MM, Mayer A, Kessel J, Miicke VI, Bon D,
SchwarzkopfK et al. Quinolone and Multidrug Resistance
Predicts Failure of Antibiotic Prophylaxis of Spontaneous
Bacterial Peritonitis. Clin Infect Dis 2020;70:1916-24.

137.Assem M, Elsabaawy M, Abdelrashed M, Elemam S,
Khodeer S, Hamed W, et al. Efficacy and safety of alter-
nating norfloxacin and rifaximin as primary prophylaxis
for spontaneous bacterial peritonitis in cirrhotic ascites:
a prospective randomized open-label comparative multi-
center study. HepatolInt. 2016;10:377-85.

138. ElfertA,AboAliL, Solimans$, Ibrahim S, Abd-Elsalam S.Ran-
domized-controlled trial of rifaximin versus norfloxacin for
secondary prophylaxis of spontaneous bacterial peritoni-
tis. Eur]J Gastroenterol Hepatol. 2016;28:1450—4.

139. Hanouneh MA, Hanouneh IA, HashashJG, LawR, Esfeh JM,
Lopez R, et al. The role of rifaximin in the primary
prophylaxis of spontaneous bacterial peritonitisin patients
withliver cirrhosis. J Clin Gastroenterol. 2012;46:709-15.

140. Lutz B, Parcina M, Bekeredjian-Ding I, Nischalke HD, Nat-
termann J, Sauerbruch T, et al. Impact of rifaximin on
the frequency and characteristics of spontaneous bacterial
peritonitis in patients with liver cirrhosis and ascites. PLoS
One. 2014;9:€93909.

141. Praharaj DL, Premkumar M, Roy A, Verma N, Taneja S,
Duseja A, et al. Rifaximin vs. norfloxacin for spontaneous
bacterial peritonitis prophylaxis: a randomized controlled
trial. J Clin Exp Hepatol. 2022;12:336-42.

142. Khan MA, Kamal S, Khan S, Lee WM, Howden CW. System-
atic review and meta-analysis of the possible association
between pharmacological gastric acid suppression and
spontaneous bacterial peritonitis. Eur ] Gastroenterol
Hepatol. 2015;27:1327-36.

143. Dahabra L, Kreidieh M, Abureesh M, Abou Yassine A,
Deeb L. Proton pump inhibitors use and increased risk
of spontaneous bacterial peritonitis in cirrhotic patients:
a retrospective cohort analysis. Gastroenterology Res.
2022;15:180-7.

144. ArroyoV, Gines P, Gerbes AL, Dudley FJ, Gentilini P, Laffi G,
etal. Definition and diagnostic criteria of refractory ascites
and hepatorenal syndrome in cirrhosis. International
ascites club. Hepatology. 1996;23:164-76.

145. Wong E O’Leary JG, Reddy KR, Patton H, Kamath PS,
Fallon MB, et al. New consensus definition of acute
kidney injury accurately predicts 30-day mortality in pa-
tients with cirrhosis and infection. —Gastroenterology.
2013;145:1280-1288.el.

146

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

. Wong E Recent advances in our understanding of hep-
atorenal syndrome. Nat Rev Gastroenterol Hepatol.
2012;9:382-91.

Gerbes AL. Liver cirrhosis and kidney.
2016;34:387-90.

Biggins SW, Angeli P Garcia-Tsao G, Gines P, Ling SC,
Nadim MK, et al. Diagnosis, evaluation, and management
of ascites, spontaneous bacterial peritonitis and hepatore-
nal syndrome: 2021 practice guidance by the American
association for the study of liver diseases. Hepatology.
2021;74:1014-48.

vanSlambrouckCM, SalemE Meehan SM, ChangA. Bilecast
nephropathy is a common pathologic finding for kidney
injury associated with severe liver dysfunction. Kidney Int.
2013;84:192-7.

Krones E, Pollheimer MJ, Rosenkranz AR, Fickert P
Cholemic nephropathy—historical notes and novel
perspectives.  Biochim Biophys Acta Mol Basis Dis.
2018;1864:1356-66.

Luciano RL, Castano E, Moeckel G, Perazella MA. Bile
acid nephropathy in a bodybuilder abusing an anabolic
androgenicsteroid. AmJKidney Dis. 2014;64:473-6.
Maiwall R, Rastogi A, Pasupuleti SSR, Hidam AK, Singh M,
Kadyan S, et al. Natural history, spectrum and outcome of
stage 3 AKI in patients with acute-on-chronic liver failure.
Liver Int. 2022;42(12):2800-14. https://doi.org/10.1111/
liv.15413.

Angeli P Garcia-Tsao G, Nadim MK, Parikh CR. News
in pathophysiology, definition and classification of hep-
atorenal syndrome: a step beyond the international
club of ascites (ICA) consensus document. ] Hepatol.
2019;71:811-22.

Angeli P, Gines P, Wong E Bernardi M, Boyer TD, Gerbes A,
et al. Diagnosis and management of acute kidney injury
in patients with cirrhosis: revised consensus recommenda-
tionsoftheinternationalclubofascites. Gut. 2015;64:531-7.
Bera C, Wong E Management of hepatorenal syndrome in
liver cirrhosis: a recent update. Therap Adv Gastroenterol.
2022;15:17562848221102679.

Amathieu R, Al-Khafaji A, Sileanu FE, Foldes E, DeSensi R,
Hilmil, etal. Significance of oliguria in critically ill patients
with chronicliver disease. Hepatology. 2017;66:1592-600.
WongFE Acutekidneyinjuryinliver cirrhosis: newdefinition
and application. Clin Mol Hepatol. 2016;22(4):415-22.
Wong E Diagnosing and treating renal disease in cirrhotic
patients. Minerva Gastroenterol Dietol. 2016;62:253-66.
ArabiYM, DaraSI, MemishZ,AlAbdulkareemA, Tamim HM,
Al-ShirawiN, etal. Antimicrobial therapeutic determinants
of outcomes from septic shockamong patients with cirrho-
sis. Hepatology. 2012;56:2305-15.

Tsien CD, Rabie R, Wong E Acute kidney injury in decom-
pensated cirrhosis. Gut. 2013;62:131-7.

Martin-Llahi M, Pepin MN, Guevara M, Diaz E Torre A,
Monescillo A, et al. Terlipressin and albumin vs albu-
min in patients with cirrhosis and hepatorenal syndrome:
arandomized study. Gastroenterology. 2008;134:1352-9.
Alessandria C, Venon WD, Marzano A, Barletti C, Fadda M,
Rizzetto M. Renal failure in cirrhotic patients: role of
terlipressin in clinical approach to hepatorenal syndrome
type2. Eur] Gastroenterol Hepatol. 2002;14:1363-8.
Rodriguez E, Henrique Pereira G, Sola E, Elia C, Barreto R,
Pose E, et al. Treatment of type 2 hepatorenal syndrome
in patients awaiting transplantation: effects on kidney
function and transplantation outcomes. Liver Transpl.
2015;21:1347-54.

Escorsell A, Bandi JC, Moitinho E, Feu E Garcia-Pagan JC,
Bosch J, et al. Time profile of the haemodynamic ef-

Dig Dis.

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver...

@ Springer


https://doi.org/10.1111/liv.15413
https://doi.org/10.1111/liv.15413

consensus report

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.
177.

178.

179.

180.

fects of terlipressin in portal hypertension.
1997;26:621-7.

Wong E Pappas SC, Curry MP, Reddy KR, Rubin RA, Po-
rayko MK, et al. Terlipressin plus albumin for the treat-
ment of type 1 hepatorenal syndrome. N Engl J] Med.
2021;384:818-28.

Sola E, Lens S, Guevara M, Martin-Llahi M, Fagundes C,
Pereira G, et al. Hyponatremia in patients treated with ter-
lipressin for severe gastrointestinal bleeding due to portal
hypertension. Hepatology. 2010;52:1783-90.

Cavallin M, Piano S, Romano A, Fasolato S, Frigo AC,
Benetti G, et al. Terlipressin given by continuous intra-
venous infusion versus intravenous boluses in the treat-
ment of hepatorenal syndrome: a randomized controlled
study. Hepatology. 2016;63:983-92.

Choudhury A, Kedarisetty CK, Vashishtha C, Saini D, Ku-
mar S, Maiwall R, et al. A randomized trial comparing
terlipressin and noradrenaline in patients with cirrhosis
andsepticshock. LiverInt. 2017;37:552-61.

WongF Pappas SC, Boyer TD, Sanyal AJ, BajajJS, EscalanteS,
et al. Terlipressin improves renal function and reverses
hepatorenal syndrome in patients with systemic inflam-
matory response syndrome. Clin Gastroenterol Hepatol.
2017;15:266-272.el.

Mattos AZ, Mattos AA, Ribeiro RA. Terlipressin versus no-
radrenaline in the treatment of hepatorenal syndrome:
systematic review with meta-analysis and full economic
evaluation. Eur] Gastroenterol Hepatol. 2016;28:345-51.
Arora V, Maiwall R, Rajan V, Jindal A, Muralikrishna
Shasthry S, Kumar G, et al. Terlipressin is superior to
noradrenaline in the management of acute kidney injuryin
acuteon chronicliver failure. Hepatology. 2020;71:600-10.
Duvoux C, Zanditenas D, Hezode C, Chauvat A, Monin JL,
Roudot-Thoraval E et al. Effects of noradrenalin and
albumin in patients with type I hepatorenal syndrome:
apilotstudy. Hepatology. 2002;36:374-80.

Guevara M, Gines P, Bandi JC, Gilabert R, Sort P, Jimenez W,
etal. Transjugularintrahepatic portosystemicshuntin hep-
atorenalsyndrome: effectsonrenalfunctionandvasoactive
systems. Hepatology. 1998;28:416-22.

Brensing KA, Textor J, Perz J, Schiedermaier P, Raab P,
Strunk H, et al. Long term outcome after transjugular
intrahepatic portosystemic stent-shunt in non-transplant
cirrhoticswithhepatorenalsyndrome: aphasellstudy. Gut.
2000;47:288-95.

Wong E Pantea L, Sniderman K. Midodrine, octreotide,
albumin, and TIPS in selected patients with cirrhosis and
type 1 hepatorenal syndrome. Hepatology. 2004;40:55-64.
Rossle M. TIPS: 25yearslater. J Hepatol. 2013;59:1081-93.
Kribben A, Gerken G, Haag S, Herget-Rosenthal S, Tre-
ichel U, Betz C, et al. Effects of fractionated plasma
separation and adsorption on survival in patients
with acute-on-chronic liver failure. Gastroenterology.
2012;142:782-789.€3.

Banares R, Nevens E Larsen FS, Jalan R, Albillos A,
Dollinger M, et al. Extracorporeal albumin dialysis with
the molecular adsorbent recirculating system in acute-
on-chronic liver failure: the RELIEF trial. Hepatology.
2013;57:1153-62.

Allegretti AS, Parada XV, Eneanya ND, Gilligan H, Xu D,
Zhao S, et al. Prognosis of patients with cirrhosis and AKI
whoinitiate RRT. ClinJAm Soc Nephrol. 2018;13:16-25.
Nadim MK, Kellum JA, Davenport A, Wong E Davis C,
PannuN, etal. Hepatorenalsyndrome: the8thinternational
consensus conference of the acute dialysis quality initiative
(ADQI) group. CritCare. 2012;16:R23.

] Hepatol.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

ZhangW,BaiM, YuY,LiL, ZhaoL, SunS, etal. Safety and effi-
cacyofregional citrateanticoagulationfor continuousrenal
replacement therapy in liver failure patients: a systematic
reviewand meta-analysis. CritCare. 2019;23:22.
Eurotransplant. Euortransplant manual (C)—version 6.3..
https://www.eurotransplant.org/wp-content/uploads/
2022/10/H5-ELAS-MELD-October-2022.pdf.  Accessed
03.2022.

Garcia-Pagan JC, Caca K, Bureau C, Laleman W, Appen-
rodtB, LucaA, etal. Earlyuse of TIPSin patients with cirrho-
sisand variceal bleeding. NEnglJMed. 2010;362:2370-9.
Monescillo A, Martinez-Lagares E Ruiz-del-Arbol L,
Sierra A, Guevara C, Jimenez E, et al. Influence of portal
hypertension and its early decompression by TIPS place-
ment on the outcome of variceal bleeding. Hepatology.
2004;40:793-801.

Nicoard-Farcau O, Han G, Rudler M, Angrisani D, Mon-
escillo A, Torres E et al. Effects of early placement of
transjugular portosystemic shunts in patients with high-
risk acute variceal bleeding: a meta-analysis of individual
patientdata. Gastroenterology. 2021;160:193-205.e10.
Escorsell A, Garcia-Pagan JC, Alvarado-Tapia E, Aracil C,
Masnou H, Villanueva C, et al. Preemptive TIPS for the
treatment of bleeding from gastric fundal varices: results of
arandomized-controlled trial. JHEP Rep. 2023; https://doi.
org/10.1016/j.jhepr.2023.100717.

Walter A, Rudler M, Olivas P, Moga L, Trepo E, Robic MA, et
al. Combination of model for end-stage liver disease and
lactate predicts death in patients treated with salvage tran-
sjugular Intrahepatic portosystemic shunt for refractory
variceal bleeding. Hepatology. 2021;74:2085-101.
Humbert M, Kovacs G, Hoeper MM, Badagliacca R,
Berger RMF, Brida M, etal. 2022 ESC/ERS guidelines for the
diagnosis and treatment of pulmonary hypertension. Eur
Heart].2022;43:3618-731.

Fagiuoli S, Bruno R, Debernardi Venon W, Schepis E Viz-
zutti E Toniutto P, et al. Consensus conference on TIPS
management: techniques, indications, contraindications.
DigLiverDis. 2017;49:121-37.

Garcia-Pagan JC, Saffo S, Mandorfer M, Garcia-Tsao G.
Where does TIPS fit in the management of patients with
cirrhosis? JHEPRep. 2020;2:100122.

Trebicka J, Gu W, Ibanez-Samaniego L, Hernandez-Gea V,
Pitarch C, Garcia E, et al. Rebleeding and mortality risk
are increased by ACLF but reduced by pre-emptive TIPS.
JHepatol. 2020;73:1082-91.

Tavare AN, Wigham A, Hadjivassilou A, Alvi A, Pa-
padopoulou A, Goode A, et al. Use of transabdominal
ultrasound-guided transjugular portal vein puncture on
radiation dose in transjugular intrahepatic portosystemic
shuntformation. Diagn IntervRadiol. 2017;23:206-10.
Roeren T, Richter GM, LimbergB,Jacoby IR, Kauffmann GW.
Ultrasound guided puncture of the portal vein in tran-
sjugular intrahepatic portasystemic stent shunt (TIPSS).
Radiologe. 1996;36:677-82.

Lamanna A, Mitreski G, Maingard J, Owen A, Schelleman T,
Goodwin M, et al. Ultrasound-guided portal vein punc-
ture during transjugular intrahepatic portosystemic shunt:
technique and experience of a quaternary liver transplant
hospital. JMedImaging Radiat Oncol. 2022;66:60-7.

Van Holsbeeck A, Thijs M, Bielen D, Heye S, Maleux G.
Sonographic evaluation of transjugular intrahepatic por-
tosystemicshunt. J Belge Radiol. 2013;96:275-81.

David A, Liberge R, Meyer J, Morla O, Leaute E Archam-
beaud], etal. Ultrasonographic guidance for portal vein ac-
cess during transjugular intrahepatic portosystemic shunt
(TIPS) placement. Diagn IntervImaging. 2019;100:445-53.

@ Springer

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver. ..


https://www.eurotransplant.org/wp-content/uploads/2022/10/H5-ELAS-MELD-October-2022.pdf
https://www.eurotransplant.org/wp-content/uploads/2022/10/H5-ELAS-MELD-October-2022.pdf
https://doi.org/10.1016/j.jhepr.2023.100717
https://doi.org/10.1016/j.jhepr.2023.100717

consensus report

197. Adamus R, Pfister M, Loose RW. Enhancing transjugu-
lar intrahepatic portosystemic shunt puncture by using
three-dimensional path planning based on the back pro-
jection of two two-dimensional portographs. Radiology.
2009;251:543-7.

198. Yang L, Bettmann MA. Identification of the portal vein:
wedge hepatic venography with CO2 or iodinated contrast
medium. Acad Radiol. 1999;6:89-93.

199. Krajina A, Lojik M, ChovanecV, Raupach J, Hulek P. Wedged
hepatic venography for targeting the portal vein during
TIPS: comparison of carbon dioxide andiodinated contrast
agents. CardiovascInterventRadiol. 2002;25:171-5.

200. Darcy M. Evaluation and management of transjugular in-
trahepatic portosystemic shunts. AJR Am J Roentgenol.
2012;199:730-6.

201. Intagliata NM, Caldwell SH, Tripodi A. Diagnosis, de-
velopment, and treatment of portal vein thrombosis in
patients with and without cirrhosis. Gastroenterology.
2019;156:1582-1599.¢el.

202. European Association for the Study of the Liver. EASL
clinical practice guidelines: vascular diseases of the liver.
JHepatol. 2016;64:179-202.

203. Turon E Driever EG, Baiges A, Cerda E, Garcia-Criado A,
GilabertR, etal. Predicting portal thrombosis in cirrhosis: a
prospective study of clinical, ultrasonographic and hemo-
static factors. J Hepatol. 2021;75(6):1367-76. https://doi.
org/10.1016/j.jhep.2021.07.020.

204. Stine JG, Argo CK, Pelletier SJ, Maluf DG, Caldwell SH,
Northup PG. Advanced non-alcoholic steatohepatitis cir-
rhosis: ahigh-riskpopulation for pre-liver transplant portal
vein thrombosis. World] Hepatol. 2017;9:139-46.

205. Northup PG, Garcia-Pagan JC, Garcia-Tsao G, Intagli-
ata NM, Superina RA, Roberts LN, et al. Vascular liver
disorders, portal vein thrombosis, and procedural bleeding
in patients with liver disease: 2020 practice guidance by
the American association for the study of liver diseases.
Hepatology. 2021;73(1):366—413. https://doi.org/10.1002/
hep.31646.

206. Yerdel MA, Gunson B, Mirza D, Karayalcin K, Olliff S,
Buckels], etal. Portal vein thrombosis in adults undergoing
liver transplantation: risk factors, screening, management,
and outcome. Transplantation. 2000;69:1873-81.

207. Stotts MJ, Wentworth BJ, Northup PG. Management of
portal vein thrombosis in cirrhosis. Semin Liver Dis.
2021;41:79-86.

208. Margini C, Berzigotti A. Portal vein thrombosis: the
role of imaging in the clinical setting. Dig Liver Dis.
2017;49:113-20.

209. SarinSK, Philips CA,KamathPS, ChoudhuryA,MaruyamaH,
Nery FG, et al. Toward a comprehensive new classifica-
tion of portal vein thrombosis in patients with cirrhosis.
Gastroenterology. 2016;151:574-577.€3.

210. Nery E Chevret S, Condat B, de Raucourt E, Boudaoud L,
Rautou PE, et al. Causes and consequences of portal
vein thrombosis in 1,243 patients with cirrhosis: results of
alongitudinal study. Hepatology. 2015;61:660-7.

211. Zanetto A, Rodriguez-Kastro KI, Germani G, Ferrarese A,
Cillo U, Burra P etal. Mortalityinliver transplantrecipients
with portal vein thrombosis—an updated meta-analysis.
TransplInt. 2018;31:1318-29.

212. LaMuraV, Braham S, Tosetti G, Branchi E Bitto N, Moia M,
et al. Harmful and beneficial effects of anticoagulants in
patients with cirrhosis and portal vein thrombosis. Clin
Gastroenterol Hepatol. 2018;16:1146-1152.e4.

213. Pettinari I, Vukotic R, Stefanescu H, Pecorelli A, Morelli M,
Grigoras C, et al. Clinical impact and safety of antico-
agulants for portal vein thrombosis in cirrhosis. Am J

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

Gastroenterol. 2019;114(2):258-66. https://doi.org/10.
1038/s41395-018-0421-0.

Loffredo L, Pastori D, Farcomeni A, Violi E Effects of an-
ticoagulants in patients with cirrhosis and portal vein
thrombosis: a systematic review and meta-analysis. Gas-
troenterology. 2017;153:480-487.el.

Valeriani E, Di Nisio M, Riva N, Cohen O, Porreca E, Sen-
zolo M, et al. Anticoagulant treatment for splanchnic vein
thrombosisinliver cirrhosis: asystematicreviewand meta-
analysis. Thromb Haemost. 2021;121:867-76.

Guerrero A, Campo LD, Piscaglia F Scheiner B, Han G,
Violi E et al. Anticoagulation improves survival in patients
with cirrhosis and portal vein thrombosis: the IMPORTAL
competing-riskmeta-analysis. JHepatol. 2023; https://doi.
org/10.1016/j.jhep.2023.02.023.

Amitrano L, Guardascione MA, Manguso E Bennato R,
Bove A, DeNucci C, et al. The effectiveness of current
acute variceal bleed treatments in unselected cirrhotic
patients: refiningshort-term prognosisandriskfactors. Am
JGastroenterol. 2012;107:1872-8.

Senzolo M, Garcia-Tsao G, Garcia-Pagan JC. Current know-
ledge and managementof portal vein thrombosis in cirrho-
sis. JHepatol. 2021;75:442-53.

Senzolo M, Rodriguez-Castro KI, Rossetto V, Radu C,
Gavasso S, Carraro P, et al. Increased anticoagulant re-
sponse to low-molecular-weight heparin in plasma from
patients with advanced cirrhosis. ] Thromb Haemost.
2012;10:1823-9.

Semmler G, Pomej K, Bauer DJM, Balcar L, Simbrunner B,
Binter T, etal. Safety of direct oral anticoagulantsin patients
with advancedliver disease. LiverInt. 2021;41:2159-70.

De Gottardi A, Trebicka J, Klinger C, Plessier A, Seijo S,
Terziroli B, et al. Antithrombotic treatment with direct-
acting oral anticoagulants in patients with splanchnic vein
thrombosis and cirrhosis. Liver Int. 2017;37:694-9.

Mort JE Davis JPE, Mahoro G, Stotts MJ, Intagliata NM,
Northup PG. Rates of bleeding and discontinuation of
direct oral anticoagulants in patients with decompensated
cirrhosis. Clin Gastroenterol Hepatol. 2021;19(7):1436-42.
https://doi.org/10.1016/j.cgh.2020.08.007.

De Maria C, Galante A, Fasoli A, De Gottardi A. When
and how to use direct oral anticoagulants in patients with
advanced chronic liver disease? Curr Opin Pharmacol.
2021;60:111-6.

Rodriguez-Castro KI, Vitale A, Fadin M, Shalaby S,
Zerbinati P, Sartori MT, et al. A prediction model for
successful anticoagulation in cirrhotic portal vein throm-
bosis. Eur] Gastroenterol Hepatol. 2019;31:34-42.
Simonetto DA, Singal AK, Garcia-Tsao G, Caldwell SH,
Ahn J, Kamath PS. ACG clinical guideline: disorders of the
hepatic and mesenteric circulation. Am J Gastroenterol.
2020;115:18-40.

DelgadoMG, Seijo S, YepesI, AchecarL, CatalinaMV, Garcia-
Criado A, et al. Efficacy and safety of anticoagulation on
patients with cirrhosis and portal vein thrombosis. Clin
Gastroenterol Hepatol. 2012;10:776-83.

de Franchis R, Baveno VIF. Expanding consensus in
portal hypertension: report of the Baveno VI consensus
workshop: stratifying risk and individualizing care for
portal hypertension. J Hepatol. 2015;63:743-52.

Ponthus S, SpahrL, Casini A, Berney T, Frossard JL, Majno P,
etal. Safety of variceal band ligation in patients with cirrho-
sis and portal vein thrombosis treated with anticoagulant
therapy: aretrospective study. Eur J Gastroenterol Hepatol.
2020;32:395-400.

Bianchini M, Cavani G, Bonaccorso A, Turco L, Viz-
zutti E Sartini A, et al. Low molecular weight heparin

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver...

@ Springer


https://doi.org/10.1016/j.jhep.2021.07.020
https://doi.org/10.1016/j.jhep.2021.07.020
https://doi.org/10.1002/hep.31646
https://doi.org/10.1002/hep.31646
https://doi.org/10.1038/s41395-018-0421-0
https://doi.org/10.1038/s41395-018-0421-0
https://doi.org/10.1016/j.jhep.2023.02.023
https://doi.org/10.1016/j.jhep.2023.02.023
https://doi.org/10.1016/j.cgh.2020.08.007

consensus report

230.

231.

232.

233.

234.

235.

does not increase bleeding and mortality post-endoscopic
variceal band ligation in cirrhotic patients. Liver Int.
2018;38:1253-62.

Guillaume M, Christol C, Plessier A, Corbic M, Peron JM,
Sommet A, et al. Bleeding risk of variceal band ligation
in extrahepatic portal vein obstruction is not increased
by oral anticoagulation. Eur J Gastroenterol Hepatol.
2018;30:563-8.

Duenas E, Cachero A, Amador A, Rota R, Salord S, Gor-
nals J, et al. Ulcer bleeding after band ligation of
esophageal varices: risk factors and prognosis. Dig Liver
Dis. 2020;52:79-83.

Rodrigues SG, Sixt S, Abraldes JG, De Gottardi A, Klinger C,
Bosch J, et al. Systematic review with meta-analysis:
portal vein recanalisation and transjugular intrahepatic
portosystemic shunt for portal vein thrombosis. Aliment
Pharmacol Ther. 2019;49:20-30.

Luo X, Wang Z, Tsauo J, Zhou B, Zhang H, Li X. Advanced
cirrhosis combined with portal vein thrombosis: a ran-
domized trial of TIPS versus endoscopic band ligation plus
propranolol for the prevention of recurrent esophageal
variceal bleeding. Radiology. 2015;276:286-93.

Wang Z, Jiang MS, Zhang HL, Weng NN, Luo XE Li X, et al.
Is post-TIPS anticoagulation therapy necessary in patients
with cirrhosis and portal vein thrombosis? A randomized
controlledtrial. Radiology. 2016;279:943-51.

Zanetto A, Senzolo M, Vitale A, Cillo U, Radu C, Sartorello §
et al. Thromboelastometry hypercoagulable profiles and

236.

237.

238.

239.

240.

portalvein thrombosisin cirrhotic patients with hepatocel-
lular carcinoma. DigLiver Dis. 2017;49:440-5.

European Association for the Study of the Liver. EASL
clinical practice guidelines: management ofhepatocellular
carcinoma. JHepatol. 2018;69:182-236.

Serra C, Grasso V, Conti E Felicani C, Mazzotta E, Lenzi M,
etal. Anew two-dimensional shear wave elastography for
noninvasive assessment of liver fibrosis in healthy subjects
and in patients with chronicliver disease. Ultraschall Med.
2018;39:432-9.

Fagan KJ, Pretorius CJ, Horsfall LU, Irvine KM, Wilgen U,
ChoiK, et al. ELF score )/=9.8 indicates advanced hepatic
fibrosis and is influenced by age, steatosis and histological
activity. LiverInt. 2015;35:1673-81.

Irvine KM, Wockner LE Shanker M, Fagan KJ, Horsfall LU,
Fletcher LM, et al. The enhanced liver fibrosis score is as-
sociated with clinical outcomes and disease progression in
patientswith chronicliver disease. Liver Int. 2016;36:370-7.
Stefanescu H, Rusu C, Lupsor-Platon M, Nicoara Farcau O,
Fischer P, Grigoras C, et al. Liver stiffness assessed by ul-
trasound shear wave elastography from general electricac-
curately predicts clinically significant portal hypertension
in patients with advanced chronicliver disease. Ultraschall
Med. 2020;41:526-33.

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

@ Springer

Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver. ..



	Austrian consensus on the diagnosis and management of portal hypertension in advanced chronic liver disease (Billroth IV)
	Summary
	Grading of certainty and recommendation
	1. Definition, diagnosis, work-up and follow-up of compensated advanced chronic liver disease (cACLD)
	Definition of cACLD
	Diagnosis of cACLD
	Work-up and follow-up of patients with cACLD, or without

	2. Measurement of the hepatic venous pressure gradient
	3. Non-invasive staging of portal hypertension in patients with cACLD/compensated cirrhosis
	General considerations
	Ruling-out and ruling-in CSPH and indication for esophagogastroduodenoscopy
	Specific patient populations

	4. Endoscopic classifications and treatment
	Esophageal varices
	Gastroesophageal and gastric varices
	Portal-hypertensive gastropathy
	Gastric antral vascular ectasia

	5. Prevention of first hepatic decompensation and portal hypertensive bleeding
	6. Acute variceal bleeding
	Pre-endoscopy management
	Endoscopy
	Post-endoscopy management

	7. Prevention of further decompensation
	Definition of ‘further decompensation’
	Definition of acute-on-chronic liver failure (ACLF)
	Definition of cirrhosis recompensation
	Preventing recurrent variceal haemorrhage (secondary prophylaxis)
	Definition and diagnosis of hepatic encephalopathy (HE)
	Treatment of first, recurrent, and persistent HE
	Preventing further decompensation in patients with ascites or HE
	Role of infections in decompensated cirrhosis
	The role of sarcopenia and frailty in further decompensation

	8. Management of ascites and hepatic hydrothorax
	Diagnostic approach in patients with ascites
	Therapy of uncomplicated ascites
	Recurrent ascites
	Refractory ascites
	Hepatic hydrothorax

	9. Treatment of spontaneous bacterial peritonitis (SBP)
	10. Renal impairment
	Definition, diagnosis and staging of acute kidney injury in ACLD
	Definition and diagnosis of HRS-AKI
	Management of AKI in ACLD
	Management of HRS-AKI and HRS-NAKI
	Vasoconstrictor treatment
	Assessment of response to vasopressor treatment and further management
	Role of TIPS in the treatment of HRS-AKI and HRS-NAKI
	Role of RRT and ELS in HRS-AKI and HRS-NAKI
	Role of liver transplantation in HRS-AKI and HRS-NAKI

	11. Transjugular intrahepatic portosystemic shunt (TIPS): evaluation, technical aspects, and follow-up
	Evaluation for elective TIPS placement
	Evaluation for acute (‘pre-emptive’ or ‘early’ and ‘rescue’) TIPS placement
	Investigations suggested prior to TIPS placement
	Absolute contraindications for TIPS placement
	Relative contraindications for TIPS placement
	Technical aspects of transjugular intrahepatic portosystemic shunt (TIPS) placement
	Example 1: Technique with open puncture system and US guidance
	Example 2: Technique with closed puncture system and CO2 portogram

	Follow-up after TIPS placement

	12. Portal vein thrombosis (PVT) in ACLD
	Screening and diagnosis
	Characterization of a newly diagnosed PVT
	Prognosis following PVT development in ACLD
	Indications for anticoagulation
	Duration of anticoagulation and choice of drug
	Follow-up evaluation
	Prevention of bleeding events
	TIPS implantation for PVT in ACLD patients
	PVT in ACLD patients with hepatic malignancies

	References


