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Summary The Billroth III guidelines were developed
during a consensus meeting of the Austrian Society
of Gastroenterology and Hepatology (OGGH) and the
Austrian Society of Interventional Radiology (OGIR)
held on 18 February 2017 in Vienna. Based on in-
ternational guidelines and considering recent land-
mark studies, the Billroth III recommendations aim to
help physicians in guiding diagnostic and therapeutic
strategies in patients with portal hypertension.
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Chapters of Billroth IlI

I.  Definitions of portal hypertension

II. Diagnosis and screening of portal hypertension

III. Preprimary prophylaxis and prevention of de-
compensation

IV. Primary prophylaxis of variceal bleeding

Acute variceal bleeding

Secondary prophylaxis of variceal bleeding

VII. Measurement of the hepatic venous pressure
gradient (HVPG)

S.<I

VIII. Portal hypertensive gastropathy

IX. Gastric varices

X. Management of ascites

XI. Spontaneous bacterial peritonitis (SBP)

The strength of the underlying evidence and the
recommendations were based on a modified version of the
GRADE system (Table 1).
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XII. Management of hepatorenal syndrome (HRS-
AKI)

XIII. Transjugular intrahepatic portosystemic shunt
(TIPS)

XIV. Portal vein thrombosis (PVT)

I. Definitions of portal hypertension

1. The term compensated advanced chronic liver dis-
ease (CACLD) may be used similar to cirrhosis and is
defined as confirmed liver stiffness >15 kPa on tran-
sient elastography [2]. Diagnosis of cACLD should
trigger screening for clinically significant portal hy-
pertension (CSPH) [3]. (A1)

2. CSPH is defined as an increase of the hepatovenous
pressure gradient (HVPG) to values of =10 mm Hg.
(A1) [3]

3. Normal portal pressure is defined as HVPG of
<5mmHg, while subclinical portal hypertension
is defined as HVPG 6-9 mm Hg. (A1)

4. CSPH might already be present in compensated pa-
tients (without ascites, without varices). (Al)

5. The presence of gastroesophageal varices (GOVs),
variceal hemorrhage, ascites (in the absence of sig-
nificant cardiac, malignant, peritoneal or renal co-
morbidities) and/or the presence of large portosys-
temic collaterals on imaging studies are indicative
of the presence of CSPH [3]. (Al)

6. Assessing the four Baveno stages of portal hyper-
tension is clinically useful to quickly assess the
prognosis of patients with liver cirrhosis: Baveno-I
compensated, no varices, Baveno-II compensated,
presence of GOVs, Baveno-III decompensated with
ascites and Baveno-IV decompensated, history of
variceal bleeding [3, 4]. (B1)
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Table 1 Grading of evicence ()

Evidence Definition

A—high Further research is very unlikely to change our confidence in the estimate of effect

B—moderate Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate
C—low

1—strong

2—weak

Further research is very likely to have an important impact on our confidence in the estimate of effect. Any estimate of effect is uncertain
Recommendation Notes
Factors influencing the strength of the recommendation include the quality of evidence, presumed patient-important outcomes, and

costs

Variability in preferences and values, or more uncertainty, higher cost or resource consumption: a weak recommendation is warranted

*The strength of evidence (high A, moderate B, weak C) and of recommendation (strong 1, weak 2) was based on a modified GRADE system as suggested by
the international GRADE group [1]
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Fig. 1 Flow chartfor screening of varices in cirrhotic patients.
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Il. Diagnosis and screening of portal hypertension

Fig. 1

1. Patients with cirrhosis (or cACLD) should be

screened for CSPH [3] (see Billroth-III screening

algorithm in Fig. 1). (A2)

After the initial diagnosis of cirrhosis (or cACLD)

screening endoscopy may be performed at least

once if the patient never had an upper GI en-
doscopy before. (C1)

In cirrhotic patients with a platelet count >150 G/L

and liver stiffness <15kPa on transient elastogra-

phy screening endoscopy can be safely deferred

[5-7]. (B1)

Esophageal varices (EV) should be graded as ab-

sent, small (<5 mm of diameter), or large (=5 mm).

The presence of red spots should be indicated for

risk stratification. (A2)

5. Gastric varices should be described as GOV-1 (con-
tinued varices on minor curvature), GOV-2 (con-
tinued varices on larger curvature extending to the
fundus) or isolated gastric varices (IGV-1) isolated
fundal varices or IGV-2 ectopic varices in the stom-
ach. The presence of red spots should be indicated
for risk stratification [8]. (B2)

6. In patients without varices, endoscopy should be
repeated every 2 years in the case of compensated

N
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cirrhosis and every year in the case of decompen-
sated cirrhosis [3]. (C1)

7. Patients with low-risk varices should receive non-
selective beta blockers (NSBBs). (C1)

8. In compensated patients with varices (EV or GOV)
receiving NSBBs there is no indication for endo-
scopic monitoring of the varices [3]. (C1)

9. If HVPG is measured as =10 mm Hg, endoscopy
should be repeated every year in order to screen
for the presence of varices, since CSPH is predic-
tive of the formation of esophagogastric varices
(3. (A1)

10. There is no indication for subsequent endoscopic
surveillance once large EVs or gastric varices (=5 mm)
are detected, unless endoscopic treatment is per-
formed for primary or secondary prophylaxis of
variceal bleeding [3]. (B1)

Ill. Preprimary prophylaxis and prevention of de-
compensation

The effectiveness of NSBBs in the setting of prepri-
mary prophylaxis (prevention of the development
of varices and variceal bleeding in patients with
compensated cirrhosis; cACLD) has been addressed
in a landmark study which randomly assigned pa-
tients with cirrhosis and portal hypertension (de-
fined by HVPG =6 mm Hg; 63% had CSPH) to timolol
or placebo [9]. After a median follow-up of nearly
5 years, approximately 40% of patients in both groups
met the composite primary endpoint of development
of varices or variceal bleeding. Thus, in general, there
is no indication for NSBBs treatment in patients who
have not developed varices; however, NSBBs might
be indicated for extrahepatic comorbidities (e.g. ar-
terial hypertension, coronary heart disease, and heart
failure). In the aforementioned study, patients who
had a relative HVPG decrease of >10% after 1 year
showed a lower incidence of the primary endpoint
[9]; however, relevant HVPG decreases during NSBBs
treatment are only observed in patients with CSPH
[10]. In a recent randomized controlled trial (RCT)
restricted to patients with CSPH, preprimary prophy-
laxis (44%) or small varices without red spot signs
(56%), propranolol/carvedilol decreased the risk of
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hepatic decompensation, mostly by decreasing the
incidence of ascites [11]. Thus, future studies should
address the potential benefits of early initiation of
NSBBs (especially carvedilol) treatment in the sub-
group of patients with CSPH.

1. Preprimary prophylaxis defines the prevention of
the development of varices and variceal bleeding in
patients with compensated cirrhosis (cCACLD) who
do not have varices. (Al)

2. In general, there is no indication for NSBBs treat-
ment in patients with cACLD who have not yet
developed varices. Nevertheless, NSBBs might be
indicated for extrahepatic comorbidities (e. g. arte-
rial hypertension, coronary heart disease, and heart
failure). (A1)

3. Preprimary prophylaxis with NSBBs can be consid-
ered in patients with CSPH since it may reduce the
risk of developing ascites. (B2)

IV. Primary prophylaxis of variceal bleeding
Indications for primary prophylaxis

This chapter addresses primary prophylaxis in pa-
tients with esophageal varices (EV) and recommen-
dations for the management of gastric varices is
discussed in Chap. IX (gastric varices).

1. All patients with large EV (=5 mm) should be treated
either with NSBBs or with endoscopic variceal band
ligation (EVL). The choice of treatment should be
based on patient preference and characteristics as
well as local resources and expertise. (Al)

Choice of treatment for primary prophylaxis

2. Patients with small EVs with risk factors (red spot
signs and/or with decompensated cirrhosis Child-
Pugh class B or C) should receive NSBBs since they
reduce the risk of bleeding in this setting [12]. (A1)

3. Patients with small EV without risk factors should
also receive NSBBs prophylaxis, since NSBBs may
reduce the incidence of variceal bleeding in this set-
ting. (C1)

4. If monitoring of HVPG is available, treatment with
NSBBs should be preferred, since achieving a hemo-
dynamic response defines an excellent long-term
prognosis [13]. (B1)

5. Hemodynamic response to NSBBs is defined as are-
duction in HVPG =< 12 mm Hg or at least 210% from
baseline. This is not only associated with a lower risk
of first variceal bleeding but also with a lower inci-
dence of ascites and death [14-16]. (A1)

6. The lack of access to HVPG measurement should
not prevent physicians from using NSBBs for pri-
mary prophylaxis, since bleeding rates in primary
prophylaxis are low even in hemodynamic non-
responders to NSBBs. (B1)

7. Propranolol or carvedilol should be used for pro-
phylactic pharmacological treatment of patients
with varices. Carvedilol is more effective than pro-
pranolol in primary prophylaxis of variceal bleeding
[17,18]. (B1)

8. In patients with contraindications to NSBBs ther-
apy, NSBBs intolerance, non-adherence to NSBBs
or non-responders to NSBBs, EVL should be used.
(B1)

Endoscopic treatment

9. Use of EVL in primary prophylaxis should be per-
formed in 2-6-week intervals until variceal eradi-
cation. A first follow-up endoscopy after variceal
eradication should be performed after 6 months
and then every 12 months. If EVL must be restarted
the intervals are similar to first EVL [19]. (B1)

Pharmacological treatment with NSBBs

10. There is no need for follow-up endoscopy in pa-
tients on pharmacological therapy. (B1)

11. The initial dose of propranolol is 20-40 mg twice
daily with a maximum dosage of 160 mg/day in pa-
tients without and 80 mg/day with ascites. The ini-
tial dose of carvedilol is 6.25 mg once daily with
a maximum dosage of 12.5 mg/day [16]. (B1)

12. The dose of NSBBs should be increased to achieve
a resting heart rate of 55-60 beats per minute
(bpm). The systolic blood pressure should not
decrease below 90 mm Hg. (B1)

13. There is no relationship between reduction in por-
tal pressure or protection from variceal bleed-
ing and the reduction in resting heart rate or in
blood pressure. There is no consensus on whether
NSBBs treatment should be continued in patients
without a hemodynamic response to NSBBs treat-
ment; however, the benefit of NSBBs treatment
may go beyond the portal pressure reducing ef-
fect and may also reduce the incidence of ascites,
infections, decompensation and death [14, 15].
(B1)

14. In patients with severe or refractory ascites
NSBBs should be discontinued during sponta-
neous bacterial peritonitis (SBP), a decline of sys-
tolic blood pressure <90 mm Hg or hyponatremia
Na < 125 mmol/l or in the presence of acute kidney
injury [20-22]. (C2)

15. Isosorbide mononitrate (ISMN) (alone or com-
bined with NSBBs) is not recommended for pri-
mary prophylaxis, since it is not more effective in
preventing first bleeding but increases side effects
(23, 24]. (B1)

16. The combination of endoscopic treatment and
NSBBs treatment does not further decrease the
incidence of bleeding or death but is associated
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| Diagnosis of cirrhosis and suspected variceal bleeding |

ﬂ « Hemodynamic stabilization, transfusion only if hemoglobin <7-8 g/d|

« Vasoactive treatment (somatostatin 500 pg/h or terlipressin 1-2 mg/4-6 h)
« Antibiotic prophylaxis
« i.v.Erythromycin 250mg prior to endoscopy

| Endoscopic treatment (EVL for EV, glue for GOV2/IGV1) |
[

1
Child-Pugh class B + active 1
bleeding at endoscopy or

Child-Pugh class C10-C13 Hemostasis achieved
1 Early rebleedi Conti vasoactive
ﬂ | No hemostasis | <Sdays drugs for up to 5 days
o O T
Early TIPS - 2nd Endoscopy I:> Secondary
<72h - Bleeding stent (or balloon) prophylaxis

Rebleeding/failure

TIPS

Fig. 2 Flow chartfortreatment of acute variceal bleeding.
EV esophageal varices, EVL endoscopic variceal ligation,
TIPS transjugular portosystemic shunt, i.v. intravenous

with a higher number of side effects and cannot be
recommended for primary prophylaxis [25]. (A1)

17. The presence of varices does not represent an indi-
cation for proton pump inhibitors (PPIs); however,
a short course of PPI post-variceal ligation reduces
ulcer size and early bleeding risk [26, 27]. (C1)

18. Transjugular intrahepatic portosystemic shunt
(TIPS) placement is not recommended for pre-
vention of first variceal hemorrhage [28]. (C1)

V. Acute variceal bleeding

The Billroth-III algorithm for treatment of acute
variceal bleeding is summarized in Fig. 2

Definition

1. Acute variceal bleeding (AVB) is diagnosed in cases
of:
(a) active bleeding at endoscopy or
(b) signs of upper GI bleeding (hematemesis, blood
or coagulated blood, melena) in patients with
varices in the absence of any other source of
bleeding.

Blood products

2. Blood volume restitution should be done conser-
vatively using packed red cells to maintain a Hb
level of 7-8 g/dl (unless comorbidities/active bleed-
ing necessitate more aggressive substitution), and
substitution of fluids to maintain hemodynamic
stability [29]. (A1)

3. Substitution of platelets may be considered if the
platelet count is <50 G/L. (C2)

4. In the absence of disseminated intravascular co-
agulation (DIC), fibrinogen may be substituted if
plasma levels are <100 mg/dL. (C2)

5. Correction of plasmatic coagulation indices cannot
be generally recommended. (B1)

Antibiotic prophylaxis

6. Antibiotic prophylaxis is an integral part of the ther-
apy of variceal bleeding and should be started at ad-
mission with i. v. broad spectrum antibiotics which
can be de-escalated according to culture results. In
the absence of overt infections and successful con-
trol of AVB, antibiotic prophylaxis can be stopped
after 5-7 days [30]. (A1)

Vasoactive therapy

7. In case of suspected AVB vasoactive drugs should
be started as soon as possible. (A1)

8. For vasoactive therapy, continuous i.v. somato-
statin and terlipressin (administration as a bolus)
have proven similar efficacy to control bleeding;
however, terlipressin should be used with caution
in patients with coronary artery disease (CAD), pe-
ripheral arterial occlusive disease (PAOD), cardiac
arrhythmia, hyponatremia (<125 mmol/l), and se-
vere asthma or chronic occlusive pulmonary dis-
ease (COPD). (A1)

9. Somatostatin: initially a bolus of 500 pg, after-
wards 500 pg/h (6 mg/50 mL, 4.2 mL/h) by contin-
uous infusion for up to 5 days.

10. Terlipressin: initially a bolus of 2mg every 4h.
If the patient does not bleed for 24 h, bolus ad-
ministration of 1 mg every 4 h should be contin-
ued for the next 24 h for up to 5 days. Continu-
ous terlipressin infusion (initial dose of 2 mg/day;
maximum 12 mg/day) can be used as well (see
Chap. XII, HRS-AKD).

11. Vasoactive therapy may be maintained for up to
5days to prevent early rebleeding. After this pe-
riod, medicinal therapy for secondary prophylaxis
should be started immediately. (A1)

Prevention/therapy of hepatic encephalopathy

12. Lactulose or rifaximin can be used to prevent hep-
atic encephalopathy after AVB; however, more data
on the risk-benefit ratio are needed. (B1)

Prerequisites for facilities performing endoscopic
therapy for AVB

13. Treatment of patients with AVB should be car-
ried out by a GI endoscopist proficient in endo-
scopic hemostasis therapy together with support
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14.

15.

staff with technical expertise in the usage of en-

doscopic devices and treatment modalities, both

with an availability on a 24 h-7 day basis. (B1)

Prerequisites for endoscopic therapy of AVB in-

clude (C1):

— Facilities for hemodynamic monitoring,

— Continuous monitoring of O, saturation,

- Sufficient intravenous line for hemodynamic
stabilization and treatment.

Intubation for endoscopy is desirable under one of

the following conditions (C1):

— Massive and uncontrollable variceal bleeding,

— Hepatic encephalopathy (HE) grades IIl and 1V,

— Risk of hypoxemia (failure to maintain blood
oxygenation 290%),

— Evidence of aspiration.

Endoscopic therapy

16.

17.

18.

19.

20.

21.

22.

23.

Endoscopic treatment should be performed as
soon as possible after hemodynamic stabiliza-
tion (at the latest 12 h after admission and ideally
during the first 6h), especially in patients with
clinically significant bleeding or in patients with
suspected cirrhosis. The therapeutic algorithm for
AVB is summarized in Fig. 2. (C1)

Endoscopic treatment is best used in association
with pharmacological therapy (vasoactive drugs +
antibiotics) which should be started before en-
doscopy. (A1)

In the absence of contraindications, erythromycin
improves visibility during endoscopy when ad-
ministered 30-120 min before endoscopy. (Al)
Self-expanding metal stents are preferred to bal-
loon tamponade as bridging to hemostatic ther-
apy. (B1)

In AVB from EV endoscopic variceal ligation (EVL)
is the preferred endoscopic therapy [31, 32]. (A1)
In AVB from cardiofundal varices (GOV2 and IGV1)
injection of cyanoacrylate glue is the preferred en-
doscopic therapy. (Al)

In patients with signs of upper GI bleeding, endo-
scopic therapy of varices is highly recommended,
even when no active bleeding can be detected by
endoscopy. (B1)

Cyanoacrylate is not a standard treatment for EV
but might be used as a rescue therapy of refractory
bleeding. (C2)

Prognosis

24.

Active bleeding at endoscopy (under vasoactive
therapy) is a poor prognostic sign regarding suc-
cessful control of bleeding for the short-term pe-
riod after variceal bleeding [33]. (B1)

25. An HVPG of =20 mm Hg, active bleeding at en-
doscopy and a Child-Pugh class C are associated
with an increased failure to control bleeding and
early mortality [34]. (B1)

Failure to control bleeding

26. Failure to control bleeding (FCB) is defined as
death or the occurence of one of the following
complications within 5 days of the initial bleed-
ing episode: (a) occurrence of fresh hematemesis,
(b) development of hypovolemic shock or (c) drop
in hemoglobin by =3 g/dl within any 24-h period
as long as no blood transfusions are administered.
(B1)

Rebleeding

27. Clinically significant rebleeding is defined as re-
current melena or hematemesis resulting in hos-
pital admission, blood transfusions, drop in Hb >
3 g/dl, or death within 6 weeks after AVB. (B1)

28. Failure of secondary prophylaxis is defined as sig-
nificant rebleeding related to portal hypertension
occurring after AVB after initiation of secondary
prophylaxis. (Al)

Early transjugular intrahepatic portosystemic shunt
(TIPS)

29. Early TIPS placement (within 72h, ideally within
24h) can prevent FCB; however, recent studies
have shown conflicting results regarding mortality
[35-37]. (B1)

30. Early TIPS placement should be performed in
cases of AVB in the following scenarios: (i) in
Child-Pugh class B patients with active bleeding
at endoscopy despite vasoactive therapy, (ii) in all
Child-Pugh class C patients with a Child score 10—
13 and (iii) if HVPG is 220 mm Hg. (A1)

31. Contraindications for TIPS include: severe liver
failure (Child-Pugh class > C13, Model for End-
Stage Liver Disease [MELD] > 20), heart failure (in
particular right heart failure), pulmonary hyper-
tension, anatomical/technical contraindications,
unrelieved biliary obstruction or extensive (hep-
atic) malignancy. (B1)

32. Acute HE at the time of AVB does not represent
a contraindication for early TIPS. (C1)

33. Vasoactive drugs can be discontinued after suc-
cessful TIPS placement. (C1)

34. Balloon occluded retrograde transvenous variceal
obliteration (BRTO) may be considered in cases of
(a) ongoing variceal bleeding after TIPS or (b) per-
sistent large varices after TIPS. (C1)
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VI. Secondary prophylaxis of variceal bleeding

1.

2.

10.

11.

12.

13.

14.

15.

Secondary prophylaxis should be started as soon
as vasoactive therapy is discontinued. (C1)

A combination of NSBBs and EVL represents the
therapy of choice for secondary prophylaxis. (A2)
Endoscopic therapy of EVs in secondary prophy-
laxis must consider the presence of gastric varices.
Usually GOV2/IGV1 should be treated prior to EVs.
(CH

Propranolol should be titrated to a daily dosage
80-160 mg/day (A2) or to a maximum of 80 mg/day
in the presence of ascites. (C1)

Carvedilol (6.25-12.5mg/day) is as effective as
propranolol for lowering portal pressure in sec-
ondary prophylaxis (B2); however, in the presence
of ascites carvedilol should not be used for sec-
ondary prophylaxis. (C1)

If there is new onset ascites while on NSBBs treat-
ment, consider reducing the dose of propranolol
and switch from carvedilol to propranolol. (C2)
Medical therapy with NSBBs alone is a valid choice
for secondary prophylaxis if effectiveness can be
documented by HVPG response by 20% decrease
or to absolute HVPG values <12 mm Hg. (A2)
NSBBs non-responders in secondary prophylaxis
require close EVL intervals (every 2—4 weeks) until
variceal eradication. (A2)

EVL alone may be used for secondary prophylaxis
in patients with contraindications to NSBBs. (A2)
ISMN monotherapy is not considered an alterna-
tive to NSBBs therapy; however, ISMN might be
added to NSBBs in non-responders and HVPG-
guided therapy would be preferable in this case.
(CD

EVL to prevent rebleeding in secondary prophy-
laxis should be continued at 2-4-week intervals
until eradication of varices (small residual varices
can be tolerated) and should then be repeated
after 6 months and 12 months. If EVL must be
restarted the intervals are similar to the first EVL.
Patients with advanced stage liver disease should
be evaluated for liver transplantation. In these
patients, endoscopic and/or medicinal therapy
should be continued until liver transplantation.
(C2)

EVL is the therapy of choice for variceal rebleed-
ing (or insufficient decrease in HVPG on NSBBs),
although EVL may have only moderate beneficial
effects especially in these patients (B2).

TIPS is indicated in patients with failure of sec-
ondary prophylaxis and should be preferred over
surgical shunts. (B1)

BRTO and surgical devasculariziation are a rescue
therapy in patients with failure of secondary pro-
phylaxis with NSBBs and EVL combination ther-
apy if neither a TIPS nor shunt surgery is feasible.
(CD

16.

17.

TIPS should be considered for secondary prophy-
laxis in patients with severe/refractory concomi-
tant ascites and/or in patients with NSBBs intol-
erance or non-response. (C1)

In patients with severe or refractory ascites
NSBBs should be discontinued during SBP, a de-
cline of systolic blood pressure <90 mm Hg or hy-
ponatremia Na < 125 mmol/L or in cases of acute
kidney injury (AKI).

VII. Measurement of hepatic venous pressure gra-
dient (HVPG)

1.

Portal pressure, assessed by the hepatic venous
pressure gradient (HVPG) drives the development
of liver-related complications and mortality in pa-
tients with (compensated) advanced chronic liver
disease (cACLD) [38, 39]. (Al)

HVPG measurements are indicated for assessing
the prognosis and monitoring the response to eti-
ologic and HVPG-lowering treatment [38, 39]. (A2)
The number needed to treat (NNT) for NSBBs for
preventing variceal bleeding ranges from 5 (sec-
ondary prophylaxis) to 10 (primary prophylaxis)
[40], underlining the need for methods to assess
the expected benefits of NSBBs treatment in the
individual patient [21]. (B2)

HVPG response is the only established surrogate
for the effectiveness of NSBBs in preventing (re-
current) variceal bleeding. If HVPG decreases to
a value of <12 mm Hg or is reduced by >20% dur-
ing NSBBs treatment, patients are protected from
variceal bleeding and survival is increased [41, 42].
(AD)

The assessment of acute HVPG response to intra-
venous propranolol (0.15mg/kg given as 15 min
infusion) provides a valuable alternative to chronic
response assessment (separate measurements).
An HVPG reduction by >10% or to <12 mm Hg
(measured after the 15 min infusion) is sufficient
in the acute setting [14, 43]. (A1)

Several studies support the use of HVPG-guided
therapy. Thus, in centers with sufficient experi-
ence, HVPG response should be assessed to guide
treatment decisions [11, 16, 44-47]. (A2)

HVPG measurements should be performed in fast-
ing conditions. Since the procedure is generally
well tolerated [48], ideally no sedation, or if nec-
essary only low doses of midazolam (maximum
0.02 mg/kg) should be used [49, 50]. (A1)

HVPG measurements should be performed us-
ing a balloon catheter ensuring a sufficient wedge
position and in order to maximize the assessed
amount of liver parenchyma [51-53]. (A1)

Free hepatic venous pressure (FHVP) should be
measured in a liver vein 2cm from the inferior
vena cava (stable values are usually obtained after
155s) [54]. A difference between the inferior vena
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Fig. 3 Flow chartfor portal
hypertensive gastropathy
(PHG) and gastric antral

Portal hypertensive
gastropath

vascular ectasia (GAVE).
APC argon plasma co-
agulation, GAVE gastric
antral vascular ectasia,
NSBBs non-selective beta
blockers, PHG portal hy-
pertensive gastropathy,
TIPS transjugular intrahep-
atic portosystemic shunt

10.

11.

12.

* NSBBs
* lron supplementation

Endoscopic grading

GAVE
Watermelon Stomach

- mild (without red spots)
- severe (red spots)
- bleeding

A4

Bleeding or
transfusions required

Endoscopic Treatment:
APC or Nd:YAG-laser

<

Refractory bleeding or
regular transfusions

e TIPS or shunt surgery
e Liver transplantation

cava and FHVP > 2 mm Hg indicates misplacement
or hepatic venous outflow obstruction [38]. (A1)
Wedged hepatic venous pressure (WHVP) should
be measured after inflating the balloon of the
catheter and verifying the wedge position by in-
jecting contrast agent. Stable WHVP values may
be expected only after at least 40 s [38]. (A1)

HVPG (FHVP subtracted from WHVP) is calculated
as the mean of 3 measurements [38]. (Al)

For clinical study purposes, recording of the pres-
sure tracings is mandatory [38]. (A1)

VIIIl. Portal hypertensive gastropathy

1.

Portal hypertensive gastropathy (PHG) is defined
as a macroscopically visible mosaic-like pattern of
the gastric mucosa (usually fundus or corpus) and
can be found in 35-80% of cirrhotic patients, cor-
relates with the Child-Pugh score and the degree of
portal hypertension (PHT) [55]. A summary for the
management of PHT is shown in Fig. 3. (A1)

PHG should be differentiated into mild PHG (with-
out signs of bleeding) and severe PHG (red marks
or active bleeding). (A1)

Gastric antral vascular ectasia (GAVE) is a dis-
tinct entity that is endoscopically characterized
by tortuous columns of erythematous (mild) or
hemorrhagic (severe) lesions in a “watermelon”
or diffuse pattern (in the latter case histology may
help to confirm diagnosis). GAVE may be present
without cirrhosis and is associated with PHT in
only 30% of cases [56]. (A1)

10.

11.

12.

13.

* Endoscopic treatment: APC
* Iron supplementation

24

Bleeding or severe GAVE
or transfusions required

General measures

Treatment for
severe disease

Repetitive endoscopic
treatment: APC/Nd:YAG-laser

4

Refractory bleeding or
regular transfusions

Rescue
treatments .

Cryotherapy
e Surgical antrectomy

The incidence of acute PHG bleeding is 2-20%
(mostly in severe PHG) [57]. (B2)

The incidence of chronic PHG bleeding is around
3-26% and is defined by a >2 g/dl decrease in Hb
or by the presence of anemia together with positive
faecal occult blood tests [57]. (B2)

If PHG is associated with iron deficiency anemia,
iron substitution and in severe cases (Hb <7 g/dL)
transfusion should be considered. (B1)

There is no evidence for PHG screening or pri-
mary bleeding prophylaxis, yet the use of NSBBs
for other indications is not discouraged. (C2)
Acute bleeding should be pharmacologically treated
as AVB. Emergency gastroscopy should rule out
other causes for GI bleeding and help to manage
endoscopically treatable bleeding [58, 59]. (A1)
PHG with chronic bleeding should be treated with
NSBBs [55, 57]. (B1)

In cases of refractory PHG bleeding TIPS, shunt
surgery, argon-plasma coagulation (APC) or even
liver transplantation represent rescue therapies.
(B2)

GAVE bleeding should be treated by APC or Nd:YAG
laser coagulation but multiple treatment sessions
might be necessary [60]. (A1)

In severe or treatment resistant GAVE, band liga-
tion, cryotherapy, radiofrequency ablation or sur-
gical antrectomy represent potential salvage ther-
apies [60]. (B2)

Pharmacotherapy or portocaval shunts do not play
arole in the treatment of GAVE. (A1)
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IX. Gastric varices

1.

The prevalence of gastroesophageal varices ranges
between 17-20% in cirrhotic patients and may indi-
cate the presence of portal or splenic vein thrombo-
sis. (A2)

. The Sarin classification should be used for classifi-

cation of gastric varices: gastroesophageal varices
type 1 and 2 (GOV1, GOV2) and isolated gastric
varices 1 and 2 (IGV1, IGV2) [8]. (A1)

. Risk of bleeding of gastric varices (1 year risk: 10-16%;

5 years risk: 44%) depends on subtype (IGV1 >
GOV2 > GOV1), size, presence of red spots and the
Child-Pugh score [61]. (A2)

. GOV1 are considered extensions of EVs and should

be managed similarly to EV in primary and sec-
ondary prophylaxis (including treatment with EVL).
(C1) [62, 63].

Primary prophylaxis for gastric varices

5.

Primary prophylaxis of cardiofundal varices (GOV2
and IGV1) should be preferably performed with
NSBBs [64]. (B1)

. In patients with high-risk cardiofundal varices

(=10 mm) [64] elective cyanoacrylate glue injection
may be considered for primary prophylaxis. (C2)

. Neither TIPS, nor balloon-occluded retrograde trans-

luminal oliteration (BRTO), or surgery are recom-
mended for primary prophylaxis of gastric varices.
(B1)

Acute variceal bleeding from gastric varices

8.

Initial management of patients with acute variceal
bleeding from gastric varices is similar to bleed-
ing from EVs, including vasoactive drugs, restric-
tive transfusion policy and antibiotic prophylaxis.
(B1)

Cyanoacrylate glue injection is the treatment of

choice for acute variceal bleeding from cardiofun-
dal varices (GOV2, IGV1) and may be also used for
GOV1 and IGV2 [63]. (A1)

10. A single injection should consist of maximum

1.0ml of a cyanoacrylate/lipiodol mixture (1:1)

Table 2 Diagnosis and therapy of ascites

Definition Grade 1: mild ascites Grade 2: moderate as-
only detectable by cites evident by moderate
ultrasound abdominal distension

Treatment Sodium restriction and diuretics

Avoid NSAIDs, angiotensin converting enzyme inhibitors,

Uncomplicated ascites

12.

14.

16.

original article

in order to minimize the risk of embolization;
however, more than one single injection is usu-
ally needed to obtain sufficient obliteration [65].
(B2)

. Endoscopic variceal sclerotherapy is not recom-

mended for treatment of acute or prophylactic
treatment of gastric varices. (B1)

EVL is not an established therapy for bleeding
GOV2, IGV1 + IGV2 due to a higher rebleeding rate
compared to cyanoacrylate, EVL may only be per-
formed on small GOV1 if technically feasible [62,
66]. (A2)

. Early TIPS is indicated in high-risk patients with

acute variceal bleeding from gastrofundal varices
(GOV2, IGV1) as defined by (i) active bleeding at
endoscopy, or (i) Child-Pugh score C10-C13 or
(iii) HVPG > 20 mm Hg [67]. (B1)

Linton-Nachlas balloon tamponade can be used as
a bridge to hemostatic therapy in cases of failure to
control bleeding from cardiofundal varices; how-
ever, risk of rebleeding after deflation is high. (B2)

. BRTO represents an additional treatment option

for bleeding cardiofundal varices. (B2)

Rarely surgical shunts, surgical devascularization
(plus splenectomy), or splenic embolization are
needed as rescue therapy for bleeding gastric
varices not responding to vasoactive and endo-
scopic therapy if a TIPS cannot be performed. (C2)

Secondary prophylaxis for gastric varices

17.

19.

20.

Grade 3: large or gross
ascites with marked ab-
dominal distension

Paracentesis, sodium
restriction and diuretics,

Either NSBBs in combination with repeated cyano-
acrylate glue applications in cases of high-risk
cardiofundal varices (GOV1/GOV2/IGV1) or TIPS
should be used for secondary prophylaxis after
gastric variceal bleeding [62, 63]. (B1)

. For secondary prophylaxis of small GOV1, EVL

may be performed if technically feasible [62], in
combination with NSBBs. (B2)

BRTO represents an additional treatment option
for persistent cardiofundal varices, especially in
patients with HE. (B2)

Rarely surgical shunts, surgical devascularization
(plus splenectomy), or splenic embolization are

Refractory ascites

Ascites that cannot be mobilized or with early recur-
rence due to lack of response to sodium restriction and
diuretic treatment; impaired urinary sodium excretion
(<80 mmol/24 h); spot urinary sodium/potassium ratio
<25

TIPS or repetitive large volume paracentesis
Liver transplantation must be considered

Evaluation for OLT

angiotensin receptor blockers, aminoglycosides

NSAIDs, angiotensin converting enzyme inhibitors, angiotensin receptor blockers,
aminoglycosides, carvedilol, propranolol with caution (not more than 80 mg/day)

NSAIDs non-steroidal anti-inflammatory drugs, TIPS transjugular intrahepatic portosystemic shunt, OLT orthotopic liver transplantation
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needed as rescue therapy or in selected cases of
left-sided portal hypertension (e.g. splenic vein
thrombosis) if a TIPS cannot be performed. (C2)

X. Management of ascites

30% of patients with compensated cirrhosis develop
ascites within 5 years of follow-up [68]. Occurrence
of ascites significantly impairs prognosis of liver cir-
rhosis, with a mortality of 15-20% within 1 year and
44% within 5 years [4, 69]. Treatment of ascites has
not yet resulted in significant improvements in sur-
vival; however, treating ascites is important because
it improves the quality of life of cirrhotic patients and
the occurrence of SBP is unlikely in patients without
ascites. Important definitions, grading and treatment
are summarized in Table 2.

Diagnostic approach in patients with ascites

1. Ascites should be graded according to the Interna-
tional Ascites Club guidelines into uncomplicated
(grade 1: only visible on ultrasound, grade 2: mod-
erate ascites, grade 3: massive ascites), and refrac-
tory ascites (not responsive or intolerant to diuretic
therapy even after paracentesis) [70]. (A1)

2. Diagnostic paracentesis is indicated in (i) all cir-
rhotic patients presenting with ascites for the first
time, (ii) cirrhotic patients with ascites with un-
scheduled admission to hospital regardless of the
reason, and (iii) cirrhotic patients with ascites with
signs of clinical deterioration (such as fever, hep-
atic encephalopathy, leucocytosis, abdominal pain,
upper gastrointestinal bleeding or deterioration in
renal function). Substitution of coagulation factors
or platelets is not indicated even in patients with
severe coagulopathy, because paracentesis rarely
leads to serious bleeding complications [71, 72].
(B1)

3. Investigation of ascites should include at least deter-
mination of ascitic neutrophil count, protein con-
centration, and the serum-ascites albumin gradient
(SAAG). Uncomplicated ascites due to portal hy-
pertension is expected to show a neutrophil count
<250/ul, a SAAG >1.1g/dl [73] and a protein level
<2.5g/dl. The SAAG is calculated by subtracting the
ascitic fluid albumin level from the serum albumin
level (both determined on the same day). (B1)

4. Additionally, aerobic and anaerobic blood culture
bottles should be inoculated with ascitic fluid for
bacteriological diagnosis of SBP or bacterascites
(neutrophil count <250/ul but positive ascites fluid
culture). (B1)

Therapy of uncomplicated ascites

5. [Initial therapy of patients with cirrhosis and ascites
consists of moderate sodium restriction (90 mmol
NaCl/day, corresponding to 5.2 g NaCl/day), and
diuretic therapy. Sodium restriction to less than
5 g NaCl/day is not recommended due to the risk
of aggravating malnutrition that is usually present
in these patients [74]. (B1)

6. Diuretic therapy should be started with spirono-
lactone 100 mg and furosemide 40 mg [75, 76]. In
the case of insufficient ascites control or lack of
effectiveness, doses of spironolactone and furo-
semide can be increased by 100 mg and 40 mg
every 3-5 days. The daily dose of 400 mg spirono-
lactone and 160 mg furosemide should not be ex-
ceeded. (Al)

7. Furosemide should not be administered intra-
venously as a bolus in cirrhotic patients because
of risk of deterioration in the glomerular filtration
rate (GFR) [77]. (B1)

8. The use of spironolactone or amiloride as single
agents or combined with thiazides may have a role
for outpatients or previously untreated patients
due to a lesser need for dose adjustments [78, 79]
(B1)

9. Eplerenone is an alternative for men with gyneco-
mastia, but has not been compared to spirono-
lactone or furosemide in the setting of portal hy-
pertensive ascites [80]. 100 mg of spironolactone
is considered equivalent to 50 mg of eplerenone.
Furthermore, amiloride as single agent or com-
bined with thiazides may have a role in patients
who are intolerant or develop side effects to spiro-
nolactone or furosemide [81]. (B2)

10. Vaptans are not beneficial for the long-term man-
agement of portal hypertensive ascites [82]. (A1)

11. Rapid weight loss during diuretic therapy might
increase the risk of hypovolemia, AKI and hepatic
encephalopathy and thus, weight loss during di-
uretic therapy should not exceed 1kg/day or 4 kg/
week. (B2)

12. In patients with tense ascites (grade 3), paracen-
tesis is the treatment of choice and should be
followed by diuretic therapy. Total paracentesis
should be carried out as a single procedure, even
when a large volume of ascites is present, as long
as it is hemodynamically tolerated by the patient.
(B1)

13. Plasma volume expansion using albumin is rec-
ommended in all patients undergoing paracente-
sis if more than 51 of ascites have been removed,
for prevention of hypovolemia and circulatory dys-
function [83]. Albumin at a dose of 8 g/1 of ascites
removed should be administered (i.e. 100ml 20%
albumin per 2.51ascites removed). Removal of less
than 5 1 does not appear to have hemodynamic
consequences [84]. (Al)
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15.

16.

17.

18.

19.

20.

21.

Patients responsive to diuretics should primarily
be treated with sodium restriction and diuretics
and should not undergo serial paracentesis. (B1)
In cirrhotic patients with severe hyponatremia
(plasma sodium levels <125 mmol/l) fluid restric-
tion is recommended since the underlying patho-
physiology is usually dilutional/hypervolemic hy-
ponatremia. (Al)

In severe hyponatremia diuretics should be stop-
ped, since at these levels diuretics are ineffective
and worsen hyponatremia. Substitution with con-
centrated NaCl solutions should be avoided [85].
(C2)

If hyponatremia occurs together with hepatic en-
cephalopathy or with AKI, plasma volume expan-
sion with saline and/or albumin should be consid-
ered. (C2)

Patients with moderate to severe ascites should be
evaluated for liver transplantation. (B1)

The administration of non-steroidal anti-inflam-
matory drugs (NSAIDs) in patients with decom-
pensated cirrhosis and ascites can lead to renal
failure and therefore should be avoided [86]. The
same is true for angiotensin receptor blockers and
angiotensin converting enzyme inhibitors [87, 88].
Aminoglycosides should only be used in cases
where infections cannot be otherwise treated [89,
90]. (A1)

In the absence of strong indications, proton pump
inhibitors (PPIs) should not be used in patients
with ascites since PPIs might be associated with
a higher risk of infections [91]. (A2)

Ascites per se is not a contraindication for NSBBs,
but they should be used with caution. Carvedilol
should not be used in patients with severe or re-
fractory ascites due to induction of hypotension
[92]. In patients with severe or refractory ascites,
high doses of propranolol (>80 mg/day) should be
avoided [93]. (C2)

Refractory ascites

Only less than 10% of patients with cirrhosis and as-
cites are refractory to treatment regimens consisting
of sodium restriction and oral diuretics [94].

22.

Refractory ascites is defined by the International

Ascites Club [70] (A1):

— as ascites that cannot be mobilized by intensive
diuretic therapy (up to a maximum of 400 mg
spironolactone and 160 mg furosemide per day)
and confirmed dietary sodium restriction (di-
uretic-resistant ascites),

— or as ascites that rapidly reaccumulates after
therapeutic 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 fail-

23.

24.

25.

26.

27.

28.

29.

original article

14.

ure, and encephalopathy (diuretic-intolerant as-

cites).
Refractory ascites can develop secondary to hep-
atocellular carcinoma or portal vein thrombosis;
therefore, ultrasound examination should be per-
formed to exclude these complications of cirrho-
sis. (B1)
A characteristic feature of refractory ascites is im-
paired urinary sodium excretion despite maxi-
mum tolerated doses of diuretics [95]. Since urine
collection for 24 h is cumbersome, a spot urinary
sodium/potassium ratio <2.5 is a reasonable sur-
rogate for diuretic-resistant ascites [96]. Diuretic
treatment should be continued only when urinary
sodium excretion under diuretic therapy is greater
than 30 mmol/day [97]. (B2)
Due to the poor prognosis of patients with refrac-
tory ascites liver transplantation must be consid-
ered. (Al)
Patients with refractory ascites should be evalu-
ated for TIPS, since TIPS is associated with im-
proved survival [98-101]. (A1)
If TIPS is contraindicated or refused by the patient,
repetitive large volume paracentesis in combina-
tion with albumin substitution, sodium restriction
and diuretic therapy should be performed. (B1)
The efficacy and safety of low-flow pump systems
to remove ascites from the peritoneal cavity into
the bladder in patients with refractory ascites re-
mains to be established [102, 103]. (C2)
In patients with severe/refractory ascites NSBBs
should be discontinued during SBP [20], a decline
of systolic blood pressure <90 mmHg, hypona-
tremia <125 mmol/L or in the presence of AKI.
(CH

Hepatic hydrothorax

30.

31.

32.

33.

34.

35.

Hepatic hydrothorax represents a (usually a right-
sided) pleural effusion in patients with cirrhosis
and ascites in the absence of any other pleural or
pulmonary disease [104]. (A1)

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

The absolute neutrophil count is usually higher
than in the ascitic fluid and thus, the diagnosis of
bacterial infection of the pleural effusion should
mainly be based on culture results [105]. (C2)
Hepatic hydrothorax should be primarily treated
with salt restriction and diuretics [106]. (B1)

TIPS should be considered for recurrent hepatic
hydrothorax not responsive to diuretic therapy
(107, 108]. (B1)

Other treatment modalities including pleurodesis
[109] or permanent drainage systems [110] can-
not be recommended for treatment of hepatic
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hydrothorax. The role of novel indwelling pleural
catheters is not yet clear [111]. (B2)

36. Patients with recurrent hepatic hydrothorax should
be evaluated for liver transplantation [112]. (A1)

XI. Spontaneous bacterial peritonitis (SBP)

1. All patients presenting with ascites for the first
time, with recurrence of ascites, or deterioration of
ascites, evidence of systemic infection, GI bleed-
ing, worsening liver or renal function, or hepatic
encephalopathy should undergo paracentesis to
screen for SBP [97]. (Al)

2. Ascitic fluid and blood cultures should be per-
formed using blood culture bottles. Even in cul-
ture-negative SBP, positive blood cultures might
hint at the responsible organism [97]. (A1)

3. Inpatients with an ascitic fluid absolute neutrophil
count >250/ul or a positive ascitic fluid culture, an-
tibiotic therapy with gram-negative coverage (e. g.
aminopenicillin/beta-lactamase inhibitor, third
generation cephalosporin, or quinolone) should
be started immediately. (A1)

4. Chinolones should not be used to treat SBP in pa-
tients who were on norfloxacin prophylaxis [97].
(B1)

5. In selected high-risk patients (e.g. nosocomial
SBP as defined by onset of signs and symptoms
of infection after 72 h from hospitalization and/or
patients with sepsis), the use of combination reg-
imens as initial therapy might be warranted [113].
(A2)

6. To prevent the development of hepatorenal syn-
drome (HRS) type of AKI, 1.5 g/kg bodyweight al-
bumin should be administered in patients with
SBP at the time of diagnosis, plus 1g/kg body
weight on day three [114]. (A1)

7. Blood pressure should be carefully monitored
in patients with SBP and NSBBs should be dis-
continued in the case of systolic blood pressure
<90 mm Hg, hyponatremia Na < 125 mmol/L, or
AKIT [21, 22]. (C2)

8. In the case of an ascitic fluid neutrophil count
<250/pL but clinical evidence of infection, similar
antibiotic therapy should be initiated and contin-
ued until culture results are available [97]. (B1)

9. A second paracentesis should be performed 48 h
after initiation of the antibiotic therapy to demon-
strate a decrease of the ascitic absolute neutrophil
count by 25% of the initial value [115]. (A1)

10. A smaller drop is highly suggestive of failure of
the antibiotic regimen. In these patients, antibi-
otic therapy should be adopted based on culture
results and susceptibility testing [97]. (A1)

11. If culture-negative, antibiotic therapy should be
changed to cover gaps in the antibacterial spec-
trum of the initial therapy, as well as relevant mul-
tidrug-resistant gram-negative and gram-positive

bacteria (e. g. meropenem plus daptomycin) [113].
(B1)

12. Due to the poor prognosis of patients who recov-
ered from SBP liver transplantation should be con-
sidered in these patients [97]. (A1)

13. All patients with a history of SPB should be treated
continuously with secondary prophylaxis using
norfloxacin 400 mg/day or alternatively co-trimox-
azole (800 mg/160 mg/day) [97]. (Al)

14. Given the inevitable risk of antibiotic resistance,
the use of prophylactic antibiotics in patients
without a history of SBP should be restricted to
patients at high risk for SBP: low ascites protein
(<15g/l) with advanced liver failure (Child-Pugh
score =9 points with serum bilirubin =3 mg/dL) or
impaired renal function (serum creatinine sCr >
1.2mg/dL, blood urea nitrogen =25mg/dl, or
serum sodium <130 mmol/L) [116, 117]. (C1)

15. In patients with Child-Pugh C10-15 norfloxacin
prophylaxis seems to decrease 6-months mortal-
ity. (B1) [118]

16. Based on the currently available evidence, ri-
faximin cannot be used as a substitute for nor-
floxacin/co-trimoxazole [119-124]. (C1)

17. In patients diagnosed with SBP while on nor-
floxacin prophylaxis, secondary prophylaxis should
be chosen on an individual basis considering cul-
ture results and susceptibility testing. (C2)

18. If a patient on prophylactic antibiotics develops
other recurrent infections (e. g. cholangitis or uri-
nary tract infections), antibiotics with a higher oral
bioavailability than norfloxacin should be used.
(C2)

Xll. Management of acute kidney injury and hep-
atorenal syndrome (HRS-AKI)

Acute kidney injury (AKI) is a common complication
of cirrhosis with a significant prognostic impact [125,
126]. As a consequence of systemic and splanchnic
arterial vasodilatation, renal perfusion is critical in pa-
tients with advanced cirrhosis and CSPH [127]. AKI is
commonly triggered by precipitating events leading to
further circulatory compromise including overdose of
diuretics, large volume paracentesis without albumin
replacement, GI blood loss, and infections (e.g. SBP)
[128].

Diagnosis and definitions

The traditional diagnostic criteria of renal failure in
cirrhosis (percentage increase in sCr, 250% to a final
value =1.5mg/dl) [129] were replaced by the Kidney
Disease Improving Global Outcome (KDIGO) criteria
to diagnose AKI [130] and adapted for patients with
cirrhosis by the International Club of Ascites (ICA) in
2015 [131]. One of the main modifications of the ICA-
AKI criteria is the abandonment of a threshold of sCr >
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Fig. 4 Management of AKI
incirrhosis. Adapted from
[133] (AKI acute kidney in-
jury, ICA International Club
of Ascites, HPF high power
field, HRS hepatorenal * Review of medications

syndrome, NSAIDs non- . Rgduction/withdrawal ofdiuretics
steroidal anti-inflammatory » Withdrawal of lactulose in the case of

. hypovolemia
drugs, NSBBs non-selective «+  Withdrawal of nephrotoxic agents (e.g.

ICA-AKI stage 1
* Increase in sCr 20.3 mg/dL or
+ 2 1.5 to 2-fold from baseline

ICA-AKI stages 2 and 3
+ Stage2: Increase in sCr >2 to 3-fold from
baseline
« Stage 3: Increase in sCr >3-fold from baseline or
>4 mg/dL or need for RRT

« Withdrawal of diuretics if not withdrawn already
« Albumin for 2 consecutive days (1 g/kg body
weight, maximum 100 g/day)

betablockers, RBCs red NSAIDs) « Check for HRS-AKI
blood cells, RRT renal + Careful assessment of ongoing use of
replacement therapy, EISBBS | o with ervetalloid

_ + Plasma volume expansion with crystalloids
S.BIP Spontgheogs bacte or albumin in volume-depleted patients Improvement of sCr
ra pelzr{tonltls,s rserum + Screening for bacterial infections (e.g. SBP)
creatinine) and early or empiric antibiotic treatment

Complete response No change/ Yes No

Return of sCr to a value
within 0.3 mg/dL of baseline

Close follow-up
+ sCr every 2—4 days during
hospitalization
» sCrevery 2—4 weeks during first 6
months after discharge

Specific treatment for HRS-AKI

Progression

Check for HRS-AKI

« Absence of shock

« Exclusion of recurrent or recent use
of nephrotoxic agents (e.g. NSAIDs)

« Absence of proteinuria (>500
mg/day)

« Absence of microhematuria (>50
RBCs/HPF)

* Normal renal ultrasound

HRS-AKI No: individual treatment

Diagnosis

« Vasoconstrictors in combination with albumin (40 g/day)

« Terlipressin

« Continuous infusion (initial dose 2 mg/day; max. 12 mg/day)
* Bolus administration (initial dose 0.5 mg every 4 h; max. 2 mg every 4 h)

* Norepinephrine

» Continuous infusion (initial dose 0.5 mg/h; max. studied in RCTs 3 mg/hour)
« Complete response is defined by a decrease in sCr to a value within 0.3 mg/dL of the baseline value.
« Partial response is defined by a regression of at least one AKI stage
« The vasoconstrictor dose should be increased if there is no response after 3 days of treatment

* In non-responders, treatment should be discontinued after 14 days

Other considerations for HRS-AKI

* RRT should be restricted to patients eligible for liver transplantation

» TIPS should be considered in patients with severe/refractory ascites

« Patients with HRS-AKI associated with SBP should receive secondary antibiotic prophylaxis
» Patients should be evaluated for liver transplantation

1.5mg/dl to diagnose AKI in cirrhosis, since smaller
rises in sCr have also been shown to have a negative
prognostic impact in these patients [126, 132].

A detailed algorithm for diagnosis and treatment of
AKI in patients with cirrhosis is shown in Fig. 4.

Diagnosis and definitions

1. AKI in cirrhosis should be diagnosed according to
the ICA-AKI criteria [131]. (B1):
— Increase in sCr = 0.3 mg/dl within 48 h or
— Increase in sCr = 50% from a baseline value that is
known or presumed to have occurred in the past
7 days.

— A baseline sCr value obtained in the previous
3 months should be used. If no previous sCr value
is available, the sCr on admission should be used.
In cases of impairment of renal function (sCr >
1.5mg/dl) at time of admission and a clearly
identifiable precipitating event, it is reasonable
to assume AKI based on clinical judgement.

— The use of a reduction in urine output as part of
the diagnostic criteria was eliminated in the new
ICA criteria for the diagnosis of AKI because many
patients with cirrhosis and ascites are oliguric as
part of the sodium and water retention syndrome
and yet maintain a nearly normal GFR [131, 134].
Based on that only the changes in sCr should be
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used to diagnose AKI in patients with cirrhosis
(B1).

2. AKI in cirrhosis should be staged according to the
ICA-AKI criteria [131]: (B1)

— ICA-AKI stage 1: increase in sCr = 0.3 mg/dl or
=1.5 to 2-fold from baseline

— ICA-AKI stage 2: increase in sCr > 2 to 3-fold from
baseline

— ICA-AKI stage 3: increase in sCr > 3-fold from
baseline or =4mg/dl with an acute increase
>0.3mg/dl or need for renal replacement ther-
apy (RRT)

3. The hepatorenal syndrome type of AKI (HRS-AK]I,
formerly known as HRS type 1) is defined as >
stage 2 ICA-AKI fulfilling all other diagnostic cri-
teria of HRS-AKI [131]: (Al)

— Presence of ascites

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

— Absence of shock

— Exclusion of nephrotoxic agents (e.g. NSAIDs,
aminoglycosides, contrast media)

— Exclusion of parenchymal kidney disease (pro-
teinuria <500 mg/day, <50 red blood cells per high
power field, normal renal ultrasound)

4. Hepatorenal syndrome type 2 is defined as slowly
progressive impairment of renal function (sCr >
1.5mg/dl) [135, 136] fulfilling the abovementioned
diagnostic criteria of HRS-AKI and is usually associ-
ated with refractory ascites [125, 126] (Al).

Management of AKI and HRS-AKI in cirrhosis

The initial management of AKI should focus on iden-
tification and correction of precipitating factors that
further exaggerate the already disturbed hemodynam-
ics in advanced cirrhosis [131, 137, 138].

5. The following measures should be taken in cirrhotic
patients with initial ICA-AKI stage 1. (A1)

— Review of all medications (including over the
counter drugs)

— Reduction or withdrawal of diuretic therapy and/
or lactulose for patients who are volume-depleted
from diuretics or excess lactulose use

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

— Careful assessment of ongoing use of drugs po-
tentially inducing/aggravating hypotension (e. g.
NSBBs) [93, 139]

— Plasma volume expansion with crystalloids or al-
bumin in patients with clinically suspected hypo-
volemia

- Blood transfusion in patients with AKI after GI
blood loss

— Screening for bacterial infections (e.g. SBP) and
early or empiric antibiotic treatment if an infec-
tion is diagnosed or strongly suspected [140]

6. In the case of response (return of sCr to a value
within 0.3mg/dl of the baseline value), patients
should be followed closely for early identification of
potential new episodes of AKI [131, 141]. (B2)

- Assessment of sCr every 2—-4 days during hospital-
ization

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

7. In the case of stage 2 or 3 ICA-AKI or progression of
stage 1 ICA-AKI to a higher stage, patients need to
be assessed for the presence of HRS-AKI in addition
to the following measures[131]. (B1):

— Administration of the same general measures as
described for patients with ICA-AKI stage 1,

— Withdrawal of diuretics if not withdrawn already;,

— Plasma volume expansion with albumin for two
consecutive days (1 g/kg body weight, maximum
100 g/day).

Treatment of HRS-AKI

8. Patients with HRS-AKI should be treated with
vasoconstrictors (terlipressin or norepinephrine)
in combination with albumin (40g/day) [131].
(Al).

9. Patients with ICA-AKI stage 1 and sCr < 1.5mg/dl
fulfilling the diagnostic criteria of HRS-AKI can be
treated the same way on a case-by-case basis [131].
(C2).

10. Patients with HRS type 2 can be treated similarly
[142-144]. (Al).

Vasoconstrictor treatment

11. Patients receiving vasoconstrictors should be pre-
ferably treated in an intermediate care (IMCU) or
intensive care unit (ICU). (B1)

12. Vasoconstrictors should be preferably adminis-
tered via a central venous line under continuous
blood pressure and electrocardiography (ECG)
monitoring. (B1)

13. Non-availability of an IMCU/ICU should, however,
not defer the use of vasoconstrictors in patients
with HRS-AKI. (B1)

Terlipressin

14. Terlipressin is the most intensively studied vaso-
constrictor for the treatment of HRS-AKI. (A1)

15. A bolus of terlipressin induces a statistically signif-
icant reduction in portal pressure over 3—4 h and
also increases mean arterial pressure [145]. (A1).

16. Terlipressin should be used with caution in pa-
tients with cardiovascular disease, since it may
induce ischemia. (A1)
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17.

18.

19.

20.

Norepinephrine

21.

Patients should be monitored for hyponatremia,
which more commonly occurs in patients with less
advanced liver disease and (near) normal baseline
serum sodium levels [146]. (Al).

Continuous infusion (initial dose of 2mg/day;
maximum 12 mg/day) decreases the rate of ad-
verse events, the mean effective terlipressin dose
and, thus, might also decrease costs as compared
to bolus administration (initial dose of 0.5 mg ev-
ery 4h; maximum 2 mg every 4h). Continuous
infusion might be preferred over bolus adminis-
tration [147]. (A1)

Although terlipressin has been consistently shown
to improve renal function, its impact on survival is
less clear [148]. (Al)

Terlipressin is particularly beneficial in patients
with systemic inflammatory response or sepsis
and might also prevent variceal bleeding during
the period of discontinuation of NSBBs [149]. (B2)

Norepinephrine (initial dose of 0.5 mg/h; maxi-
mum dose studied in RCTs: 3 mg/h) is an equally
effective and inexpensive alternative to terlipressin
[150]. (A1)

Response to treatment and considerations for

follow-up

22.

23.

24.

25.

26.

27.

Complete response to treatment is defined by a de-
crease in sCr to a value within 0.3 mg/dl of the
baseline value, while a regression of at least one
AKI stage is considered as partial response. (B1)
The vasoconstrictor dose should be increased (ter-
lipressin continuous infusion: maximum
12 mg/day; bolus administration: maximum 2 mg
every 4 h; norepinephrine: maximum dose studied
in RCTs 3 mg/h), if there is no response after 3 days
of treatment. (Al)

In non-responders, treatment should be discon-
tinued after 14 days. (B1)

In responders, longer treatment durations can be
used as a bridging therapy prior to liver transplan-
tation. (B1)

Recurrent HRS-AKI should be treated in the same
way. (Al)

HRS type 2 commonly recurs after cessation of
vasoconstrictor treatment. There is no evidence
for beneficial effects of vasoconstrictor treatment
on pre-transplantation and post-transplantion
outcomes [144, 149, 151]. (Al)

Other treatment considerations for AKI and HRS-
AKI

28. TIPS might improve kidney function in patients
with HRS-AKI. Additional indications for TIPS
placement might be present in a relevant pro-
portion of patients with HRS-AKI [152-155]. (A1)

29. Patients with HRS type 2 should be evaluated for
TIPS, since TIPS improves both renal function and
survival in patients with severe/refractory ascites
[98, 156]. (B1)

30. Since TIPS can deteriorate liver function, serum
bilirubin >5mg/dl represents a contraindication
for TIPS implantation for the treatment of HRS
type 2 and HRS-AKI [157]. (Al) (see also Chap. 13,
TIPS).

31. There are no RCTs demonstrating that renal re-
placement therapy (RRT) or extracorporeal liver
support (ELS) improves survival in patients with
HRS-AKI and HRS type 2, or associated conditions,
such as acute-on-chronic liver failure (ACLF) [158,
159]. (A1)

32. RRT and ELS should be restricted to patients who
are eligible for liver transplantation; however, even
in this setting, there is no evidence of a survival
benefit. (B1)

33. Inabsence of head-to-head comparisons, the opti-
mal modality of RRT is unclear; however, continu-
ous RRT may be advantageous in patients who are
hemodynamically unstable or at risk of elevated
intracranial pressure (e. g. ACLF) [160]. (B1)

34. Patients with HRS-AKI or HRS type 2 should be
evaluated for liver transplantation. (Al)

35. Although HRS-AKI and HRS type 2 usually resolve
completely after liver transplantation, combined
liver and kidney transplantation should be consid-
ered in patients on RRT for more than 12 weeks.
(C2)

36. Albumin should be administered in all large vol-
ume paracenteses (>5L), since it prevents post-
paracentesis circulatory dysfunction, and thus
HRS-AKI, and might even improve survival [83,
161]. (A1)

37. Norfloxacin treatment (400 mg/day) prevents SBP
and therefore HRS-AKI development in selected
patients with ascites. (See Chap. XI, SBP). (A1)

Xlll. Transjugular intrahepatic portosystemic shunt
(TIPS)

1. Dedicated polytetrafluoroethylene (PTFE)-covered
stents are superior to bare metal stents for TIPS
[162-165]. (A1)
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TIPS for variceal bleeding

2.

3.

10.

11.

12.

13.

All bleeding indications for TIPS apply for patients
with EV and gastric varices. (B1)

Early TIPS (<72 h) for acute variceal bleeding should
be placed (i) in all patients with Child-Pugh class
C10-C13, (ii) in patients with Child-Pugh class B
and active bleeding at endoscopy or (iii) if HVPG is
=20 mm Hg [36, 37, 166]. (B1)

Early TIPS should not be used in patients with
Child-Pugh class C14-C15, MELD > 20, extensive
hepatic malignancy, or severe renal insufficiency
(creatinine >3 mg/dL). (Al)

Rescue TIPS should be used in patients with refrac-
tory/uncontrollable variceal bleeding (rebleeding
under continued vasoactive therapy or after place-
ment of an esophageal bleeding stent) [167]. (A1)
Elective TIPS for secondary prophylaxis of variceal
bleeding should be considered in patients with
(i) failure of NSBBs+EVL, (ii) intolerance to NSBBs,
(iii) in the case of concomitant ascites, or (iv) in
patients with cardiofundal varices (GOV2/IGV1)
[47]. (B1)

Contraindications for TIPS include: severe liver
failure (Child-Pugh class > C13, MELD > 20), heart
failure (in particular right heart failure), pulmonary
hypertension, anatomical/technical contraindica-
tions, unrelieved biliary obstruction or extensive
(hepatic) malignancy. (A1)

Acute HE at time of AVB does not represent a con-
traindication for a bleeding TIPS. (B2)

In case of persistent bleeding after TIPS variceal
embolization should be performed (A2); BRTO
may be considered in selected cases [168-170].
(B2)

Adjunctive variceal embolization during TIPS may
be considered in patients with contrast material
filling of varices after shunt creation. (C2)

TIPS is not recommended for prevention of first
variceal hemorrhage. (Al)

After TIPS, vasoactive drugs can be discontinued
and patients do not require NSBBs or EBL. (C1)
Patients with TIPS should be evaluated for liver
transplantation. (Al)

TIPS for refractory ascites

14.

15.

16.

Diagnosis of refractory portal hypertensive ascites
must be ascertained before evaluating patients for
TIPS. (A1)

Diuretic-refractory ascites is defined as recurrent
ascites despite 400 mg spironolactone and 160 mg
of furosemide while on dietary sodium restriction
to 5.2 g/day. (Al)

Diuretic-intolerant ascites is defined as recurrent
ascites due to intolerance/side effects to maxi-
mum dose of spironolactone/furosemide. (A1)

17.

18.

19.

20.

21.

22.

23.

In the absence of contraindications TIPS repre-
sents the treatment of choice for refractory ascites,
since TIPS increases survival as compared to repet-
itive larve volume paracentesis (LVP) plus albumin
[101, 156]. (A1)

Recurrent spontaneous HE episodes in the ab-
sence of triggers, such as bleeding, infections,
electrolyte disturbances and overdose of diuret-
ics are a contraindication against TIPS. (C1)

In patients with refractory ascites, a bilirubin
>5mg/dL and severe renal failure (sCr >3 mg/dL)
represent contraindications against TIPS. (A1)
Further contraindications for TIPS include: severe
liver failure (Child-Pugh class > C13, MELD > 20),
heart failure (in particular right heart failure), pul-
monary hypertension, anatomical/technical con-
traindications, or extensive (hepatic) malignancy.
(A1)

Patients undergoing TIPS implantation should re-
ceive medication HE prophylaxis (rifaximin or lac-
tulose or iv. L-ornithin L-asparate), which can be
discontinued later depending on the clinical pre-
sentation of the patient. (B2)

Resolution of ascites after TIPS is slow and most
patients require continued administration of di-
uretics and fluid restriction afterwards. (B1)
Anticoagulation and anti-platelet drugs are not
mandatory after TIPS implantation. (C1)

TIPS for other indications

24.

25.

26.

27.

28.

29.

30.

31.

Patients with severe/refractory hepatic hydrotho-
rax may be treated with TIPS. (C1)

TIPS represents a therapeutic option for patients
with HRS type 2. (B1)

TIPS represents a rescue therapy for bleeding from
PHG if vasoactive drugs fail. (B1)

TIPS or angioplasty (sometimes in combination
with stents) should be used in patients with Budd-
Chiari Syndrome (BCS) who do not improve under
anticoagulation therapy [171-174]. (B1)

In patients with BCS without cirrhosis hyper-
bilirubinemia >5mg/dL is not a contraindication
against TIPS implantation [175]. (C1)

TIPS (in combination with anticoagulation) should
be considered for acute non-malignant portal vein
thrombosis (PVT) in symptomatic patients (i.e.
ascites and/or risk of intestinal infarction) in order
to perform clot removal [176]. (B1)
Anticoagulation after TIPS is not necessary in all
patients with PVT, but should be used in patients
with a persistent prothrombotic condition and in
BCS patients [172, 177]. (B1)

TIPS is indicated in patients with severe non-cir-
rhotic portal hypertension (NCPH), a syndrome
that includes idiopathic NCPH (INCPH), sinu-
soidal obstruction syndrome (SOS, previously
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termed veno-occlusive disease, VOD), sarcoido-
sis, congenital fibrosis and portal sclerosis. (B1)

Evaluation of patients with portal hypertension for
TIPS

32.

33.

34.

35.

36.

37.

38.

39.

Interdisciplinary boards involving hepatologists
and interventional radiologists should be imple-
mented to decide on TIPS implantation. (C1)
Presence and etiology of portal hypertension must
be confirmed prior to TIPS. (Al)

Indications for TIPS implantation include con-
trol of acute variceal bleeding (early TIPS, rescue
TIPS) and prevention of variceal rebleeding (elec-
tive TIPS for secondary prophylaxis) and refractory
ascites. (Al)

Contraindications for TIPS include: severe liver
failure (Child-Pugh class > C13, MELD > 20), heart
failure (in particular right heart failure), pulmonary
hypertension, anatomical/technical contraindica-
tions, unrelieved biliary obstruction, history of
recurrent spontaneous episodes of HE West Haven
grades III/IV, or extensive (hepatic) malignancy.
(B1)

Evaluation for TIPS must include a sufficient imag-
ing study of portal and hepatic veins, e.g. Doppler
ultrasound (DUS), computed tomography (CT)
and magnetic resonance imaging (MRI) (Al)
Evaluation for TIPS should include echocardiogra-
phy to exclude heart failure (especially right heart
failure) and to estimate systolic pulmonary arterial
pressure (sysPAP) to exclude pulmonary hyperten-
sion. (B1)

Evaluation for TIPS should exclude hepatic insuffi-
ciency. Thus, Child-Pugh and MELD scores should
be calculated. (A1)

In the case of ascites, paracentesis prior to TIPS
should be performed to exclude malignant ascites
and SBP, and to improve technical performance of
TIPS procedure. (B1)

TIPS procedure

40.

41.

42. Antibiotic prophylaxis (e. g. cephalosporins) should

43.

Dedicated PTFE-covered endoprotheses should be
used and implanted with an adequate extent into
the hepatic vein for TIPS creation. (A1)

The procedure should be performed with the pa-
tient under sedoanalgesia or general anesthesia.
(B1)

be considered during TIPS procedures. (C2)

Digital subtraction angiography equipment with
high-quality fluoroscopy with zooming and refer-
ence imaging should be available. Puncture of the
portal vein can be navigated by ultrasound guid-

44.

45.

46.

47.

48.

ance or carbon dioxide wedged hepatic venogra-
phy to identify the portal vein. (C1)
Endoprotheses with 10 mm nominal diameter
with primary dilation to 8 mm are recommended.
(B1)

Portosystemic pressure gradient (PPG: portal ve-
nous pressure, [IVC/RA) should be calculated prior
to and after TIPS implantation. (A1)

PPG should be aimed at <12 mm Hg and >8 mm (at
minimum a decrease of >50% in patients with high
PPG > 30 mm Hg prior to TIPS should be achieved);
PPG must not be within the range of normal portal
pressure. (B1)

The impact of additional variceal embolization is
not validated; however, embolization of persisting
large portosystemic shunts may be performed in
order to decrease the risk of overt HE. (C2)
Intraprocedural application of heparin should be
considered with doses adjusted to coagulation sta-
tus and TIPS indication. (C2)

Care after TIPS implantation

49

50.

51.

52.

53.

. Anticoagulation and anti-platelet drugs are not

mandatory after TIPS implantation. (B1)

DUS is recommended 3-5 days after TIPS and ev-
ery 6 months thereafter. (B1)

If shunt dysfunction is suspected, portography and
pressure measurements are indicated and if veri-
fied, revision should be performed to avoid clinical
deterioration. (B1)

In patients with poor clinical response (evaluated
after at least 3 months after TIPS implantation)
portography and PPG measurement are recom-
mended.

In the case of recurrent spontaneous or persistent
HE episodes West Haven grade III/IV, a reduction
of TIPS diameter should be performed. (A1)

XIV. Portal vein thrombosis (PVT)

1.

Characterization of PVT should distinguish: (a) acute
from chronic PVT, (b) obstructive from non-ob-
structive PVT, (c) malignant vs. non-malignant PVT
and (e) cirrhotic vs. non-cirrhotic PVT. (A1)

2. Acute (recent) PVT is characterized by thrombotic

3.

occlusion of the portal vein in the absence of collat-
erals and cavernous transformation proven by DUS/
contrast-enhanced ultrasound (CEUS), CT or MRI.
(A1)

Malignant PVT is best diagnosed by triphasic CT
and DUS/CEUS and characterized by neovascular-
ization of the thrombus, arterial enhancement with
rapid washout and direct invasion by an adjacent
hepatic mass. (B1)
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Acute non-cirrhotic, non-malignant PVT

Malignant PVT (regardless of cirrhotic/non-cirrhotic

PVT)

4. Patients with acute PVT should receive anticoag-
ulation for at least 6 months to prevent extension  19. In general, anticoagulation is not indicated for ma-
to mesenteric veins and intestinal ischemia and in lignant PVT [178]. (C2)
order to achieve recanalization [178-180]. (A1) 20. Anticoagulation may be considered for symp-

5. For acute PVI, LMWH should be initiated and tomatic and progressive malignant PVT. (C1)
shifted to oral anticoagulation after stabilization = 21. TIPS should not be used for treatment of malig-
of the patient. (A1) nant PVT. (C1)

6. Insymptomatic patients with acute, non-cirrhotic
PVT (i.e. ascites and/or risk of intestinal infarc-
tion) a TIPS combined with local clot fragmenta-  Acute cirrhotic, non-malignant PVT
tion/aspiration should be considered [181]. (B1)

7. Lifelong anticoagulation should be given to PVT  22. Anticoagulation is indicated in cirrhotic patients
patients with a permanent prothrombotic condi- with acute PVT with progression to mesenteric/
tion. (A1) splenic vein or signs of intestinal ischemia [178].

8. Long-term anticoagulation is also recommended (AD
in patients without identifcation of (prothrom-  23. Anticoagulation should be considered in all candi-
botic) risk factor or thrombus extension into the dates for liver transplantation with PVT [178, 182].
mesenteric/splenic vein. (B1) (B1)

9. For patients with high bleeding risk, therapeutic = 24. Anticoagulation may also be used in non-candi-
drug monitoring of LMWH (anti-Xa 0.5-0.8 [lU/ml) dates for liver transplantation with progressive
and of vitamin K antagonists (VKA; International PVT or with persisting prothrombotic conditions
normalized ratio [INR] 2-3) is recommended. (C1) [176,178,182-187]. (C1)

10. Patients with PVT should be screened for EVand  25. No recommendations regarding type of anticoag-
gastric varices. (C1) ulation treatment can be made for cirrhotic PVT;

11. Large EV and gastric varices should be managed however, LMWH and VKA appear to be equally
endoscopically before long-term anticoagulation effective for cirrhotic, non-malignant PVT [176,
is initiated. (C1) 184-187]. (B1)

12. While data on the efficacy and safety of direct oral ~ 26. LMWH should be used as a fixed or weight-ad-

anticoagulants (DOACs) in patients with PVT are
limited, they may be used in patients with non-cir-
rhotic, non-malignant PVT [3, 178]. (C1)

Chronic non-cirrhotic, non-malignant PVT

13.

14.

15.

16.

17.

For asymptomatic chronic, non-malignant PVT
anticoagulation is not indicated. (C1)

For symptomatic or progressive chronic, non-ma-
lignant PVT anticoagulation should be used. (C1)
For chronic, non-malignant PVT associated with
a permanent prothrombotic condition anticoagu-
lation should be used. (A1)

TIPS may be considered in certain patients with
chronic PVT and non-cirrhotic portal hyperten-
sion. (B1)

Patients with chronic, non-malignant PVT should
be screened for EV and gastric varices. (B1)

27.

28.

29.

30.

31.

justed dose. Anti-Xa monitoring of LMWH is not
representative in patients with cirrhosis [188]. (C2)
VKA should be monitored in patients with cirrho-
sis with an INR aimed at 2-3 [178]. (C1)

Before starting anticoagulation in patients with
cirrhotic PVT bleeding prophylaxis should be im-
plemented [178]. (C1)

Patients with low platelet count (<50 G/L) are at
higher risk of bleeding complications under anti-
coagulation [3, 178, 187]. (B2)

Recent data suggest that DOACs can be safely used
in patients with compensated cirrhosis [178, 189].
(C1H

TIPS may be considered in selected cirrhotic pa-
tients with acute non-malignant ascites. (C1)
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18. Patients with chronic, non-malignant PVT should
receive bleeding prophylaxis before anticoagula-
tion is started. (C1)
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