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Disclosures
w Consultant: Mallinckrodt, PharmaIN, Biovie, Sequana, Novo 

Nordisk, Astra Zeneca, Kezar, Amgen

w I will be discussing off-label uses of the following 
medications:
• Albumin
• Rifaximin
• Carvedilol/Propranolol
• Terlipressin
• Ciprofloxacin



A – At Risk
D – Diagnosis (paracentesis)
E – Eating (Salt restriction)
F – Furosemide (medications)
R – Recurrent/Refractory Ascites
S – Spontaneous Bacterial Peritonitis (SBP)
T – Thoracentesis (Hepatic Hydrothorax)
Z – ‘Ze Hepatorenal Syndrome
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How many Americans have Ascites?
w Cirrhosis Prevalence – 270 

– 1058 per 100,000 people
w Estimate 900k – 3.4M; My 

guess is 1.5M and rising
w 25 – 40% with cirrhosis are 

decompensated (500k)
w Ascites is present in 20% 

patients with cirrhosis; 
67% with decompensated 
cirrhosis (300k)

w Recurrent/Refractory 
ascites in ~10% (30k)

AM Moon, AG Singal, EB Tapper, CGH 2020.
E Orman et al JAMA Network Open, 2019
DP Ladner et al Plos One, 2024

Cirrhosis  
1,500,000
Decomp 
500,000
Ascites 
300,000

RA 
30,000



5

Ascites - Outcomes and Mortality
w Ascites of any grade foreshadows poor outcome

M Tonon et al CGH, 2021.

and 234 patients (42.8%) had grade 2 or 3 ascites. The
characteristics of the 3 groups at inclusion are also
shown in Table 1. Patients without ascites were younger
than those with grade 1 ascites, whereas no difference
was observed when the other groups were compared.
Alcohol was the most frequent etiology in patients with
grade 2 or 3 ascites, whereas hepatitis C virus was more
frequent in the other 2 groups. Patients with overt as-
cites had poorer prognostic scores as compared with
either patients with grade 1 ascites or those without
ascites. Patients with grade 1 ascites had lower levels of
plasma albumin and higher levels of serum bilirubin than
in patients without ascites without any significant dif-
ference in MELD score. Patients with grade 1 ascites had
significantly higher levels of C-reactive protein (CRP)
than patients without ascites but lower than patients
with overt ascites. The presence of varices and the use of
beta-blockers were similar in patients with grade 1 as-
cites and in those with overt ascites but more frequent
than in patients without ascites.

Assessment of Survival in the Whole Series and
in Each Group of Patients

During the follow-up, 101 patients died. Twenty-four
were among patients without ascites (9.3%), 15 among
those with grade 1 ascites (27.8%), and 62 among those
with grade 2 or 3 ascites (26.3%). Causes of death are
extensively described in Supplementary Materials.

During follow-up, 104 patients underwent LT, 30
patients without ascites, 15 patients with grade 1 ascites,
and 59 with overt ascites. Seventy patients were lost to
follow-up after a median time of 17 months (IQR,
7.25–29).

Considering the primary outcomes of the study,
60-month transplant-free survival rate was found to
be significantly different among the 3 groups (P <
.001). In pairwise comparison, 60-month transplant-
free survival was found to be significantly lower in
patients with grade 1 and overt ascites than in pa-
tients without ascites. However, no significant differ-
ence was observed when patients with grade 1 ascites
and patients with overt ascites were compared
(Figure 1). Performing a Cox regression, age, mean
arterial pressure, MELD score, the presence of varices
at inclusion, and the presence of overt ascites at in-
clusion were found to be independent predictors of
mortality in the whole series of patients
(Supplementary Table 1).

Outcomes in Patients With Grade 1 Ascites

During follow-up, 26 patients without ascites
(10.0%) and 7 patients with grade 1 ascites (13.0%)
developed overt ascites during follow-up. There was
no difference in the comparison between the ratios.
Sixty-month development of overt ascites was not
different in patients without ascites and patients with

Figure 1. Clinical out-
comes according to the
presence of ascites at in-
clusion. Sixty-month
transplant-free survival.
Global comparison, P <
.001; without ascites vs
grade 1, P < .001; without
ascites vs grade 2 or 3, P
< .001; grade 1 ascites vs
grade 2 or 3, P ¼ NS.
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Prevention of Ascites Development
wAt risk 

Patients with Clinically Significant Portal Hypertension (CSPH)
w CSPH – HVPG >10mm Hg

DE Kaplan et al, Hepatology 2024 

No cACLD
Possible liver fibrosis

Possible cACLD
No CSPH

Certain cACLD
Probable CSPH

Certain cACLD
Highly probable

CSPH

Decompensated
Stage

LSM ranges ≥20 kPa5 – 9.9 kPa 10 – 14.9 kPa 15 – 19.9 kPa No role for LSM after
decompensation

Alternatives 
to TE****

cACLD
Rules in 
cACLD.<10 kPaRules out 

cACLD.

CSPH Rules in 
CSPH.

<15 kPa &
Plt ≥150

Rules out 
CSPH.

≥15 kPa

15-20 kPa 
& Plt<110*

LSM monitoring

Indication

Frequency

If suspecting fibrosis
progression.

Every 3-5 years.

LSM only indicated if 
recompensation

*ANTICIPATE model for HBV, HCV, ALD and lean NAFLD (BMI<30kg/m2). PPV>90% for LSM≥25 kPa; PPV>60% for the LSM+platelet criteria. **Baveno VI criteria for variceal screening. ***≥20% change accepted as clinically significant. ****Cut-offs for non-
TE elastography methods and laboratory-based tests are not solidly validated, and the cut-offs listed here should therefore be interpreted with caution. The green box to rule out cACLD are derived from normal range values and/or cut-offs for F0 vs F1-4.

To assess for CSPH 
and/or Baveno VI 

endoscopic criteria.
Annually.

To assess for CSPH 
and/or Baveno VI 

endoscopic criteria.
Annually.

≥25 
kPa*

Endoscopy
Rules

out VNT.
<20 kPa & 
plt≥150**

If expecting
progression or 
regression.***

Annually.

Cut-offs for prediction of varices, decompensation:
MRE ≥4-5 kPa

pSWE (ARFI): ≥2.4 m/s
2D-SWE: ≥17-20 kPa

ELF: ≥10.5-11.3

20-25 kPa 
& Plt<150*

Cut-offs to rule out cACLD
MRE: <3.0 kPa

pSWE/ARFI: <1.3-1.7 m/s
2D-SWE: <7-8 kPa

ELF: <7.7

Cut-offs to diagnose cACLD
MRE: ≥3-4 kPa

pSWE/ARFI: ≥1.7-2.1 m/s
2D-SWE: 13-16 kPa

ELF: ≥9.8

Probable 
CSPH
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Prevention of Ascites Development

Treat the underlying liver disease
Sofosbuvir Tenofovir Ursodiol  Naltrexone

S Lens et al Journal of Hepatology, 2020 (HCV) S Rogal et al Hepatology, 2020 (ALD)
P Marcellin et al Lancet, 2013 (HBV)  BV John et al AJG, 2021 (PBC)

HEPATOLOGY, June 2020ROGAL ET AL.

2086

Comorbidity Index to 1.77 (95% CI, 1.46, 2.16) for a 
history of cocaine use (Table 2). Patients with older 
age and higher Charlson Comorbidity Index scores 
had significantly lower adjusted odds of receiving any 
form of AUD treatment. In contrast, those with black 
race, homelessness, higher AUDIT-C scores, comor-
bid SUDs (opioid, cocaine, cannabis, and other SUDs), 
and coexisting psychological conditions (mood disor-
ders, PTSD) had significantly higher adjusted odds of 
receiving treatment.

We then assessed the relationships between baseline 
factors and each treatment category (behavioral therapy 
alone, pharmacotherapy alone, both behavioral ther-
apy and pharmacotherapy). Per Table 1, the relation-
ships between the baseline factors and any treatment 
remained consistent across the treatment categories, 
with the exception of race and HCV. Patients who 
were white and non-Hispanic were less likely to receive 
AUD behavioral therapy but more likely to receive 
pharmacotherapies than patients of other racial or eth-
nic categories. Patients with HCV were more likely to 
receive behavioral therapies but less likely to receive 
pharmacotherapies than those without HCV.

In adjusted multivariable models of specific 
AUD treatments (Table 2), we consistently found 

independent significant associations between each 
treatment type and younger age, AUDIT-C scores, 
and mood disorders. Additionally, patients who were 
black, were homeless, had other SUDs, had PTSD, or 
had fewer comorbidities were significantly more likely 
to receive behavioral therapy. Patients with HCV had 
significantly higher adjusted relative risk ratios for 
receiving behavioral therapy and significantly lower 
estimates for receiving pharmacotherapy.

ASSOCIATION BETWEEN AUD 
TREATMENT AND CLINICAL 
OUTCOMES

Over follow-up, 1,336 (3.7%) patients died, and 
3,554 (10.9%) experienced new hepatic decom-
pensation (Table 3). Treatment of any type was 
significantly associated with decreased death and 
decompensation in univariate testing (Fig. 2). 
Controlling for factors that were statistically sig-
nificant in the univariable models, veterans receiv-
ing any AUD treatment had significantly decreased 
odds of decompensation (AOR, 0.63; 95% CI, 
0.52, 0.76) and a nonsignificantly decreased mor-
tality (AOR, 0.79; 95% CI, 0.57, 1.08), controlling 

TABLE 3. Death and Hepatic Decompensation Over 180-Day Follow-Up*

Clinical Outcomes
No AUD Treatment, 

n/N (%)
Any AUD Treatment, 

n/N (%)
Behavioral Only, n/N 

(%)
Pharmacotherapy Only, 

n/N (%)
Both Treatments, 

n/N (%)

Death 1,203/30,594 (3.9) 133/5,088 (2.6) 124/4,461 (2.8) 1/159 (0.6) 8/468 (1.7)
New hepatic 

decompensation
3,267/28,282 (11.6) 287/4,411 (6.5) 251/3,835 (6.5) 8/146 (5.5) 28/430 (6.5)

*Denominators differ for death and decompensation analyses because patients with prior decompensation were removed from the new 
decompensation analysis.

FIG. 2. Univariate associations between AUD treatment and clinical outcomes.
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Prevention of Ascites Development
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NSBB prevent Ascites in CSPH
w PREDESCI study – PREvent DEcompenSation in CIrrhosis
w Compensated cirrhosis with CSPH without high-risk varices
w NSBB (propranolol/carvedilol) vs placebo, 1:1
w Eight centers in Spain, 2010 – 2013
w 1o endpoint: Composite of death/hepatic decompensation
w Followed for up to 5 years
w BOPPP study in UK to follow (740 pts, 36 months)

Villaneuva C, et al. Lancet 2019

Articles

www.thelancet.com   Vol 393   April 20, 2019 1605

Overall, in a post-hoc analysis HVPG decreased in 
patients surviving without decompensation (treated with 
either β blockers or placebo) but not in those developing 
the primary endpoint, with greater percentage changes at 
12 months (−10% [1%] vs 3% [2%], p=0·001) and 
24 months (−9% [2%] vs 1% [4%], p=0·020). In a post-hoc 
analysis, the cumulative incidence of the primary 
endpoint was lower in patients who at 1 year had an 
HVPG decrease greater than 10% from baseline or to less 
than 10 mm Hg than in patients without such decreases: 
6 (9%) of 67 patients versus 26 (29%) of 89 patients 
(HR 0·32, 95% CI 0·13–0·75; p=0·0077).

The incidence of decompensation was lower in the 
β-blockers group than in the placebo group. Decom-
pensation occurred in 12 patients (12%) of the β-blockers 
group and in 24 (24%) of the placebo group (HR 0·49, 
95% CI 0·24–0·98, p=0·047). Ascites was the most 
frequent decompensation, occurring in 29 patients (14%) 
whereas variceal bleeding occurred in seven (3%) and 
ence phalopathy in nine (4%).

During follow-up, fewer patients in the β-blockers 
group than in the placebo group developed ascites 
(table 3). In a post-hoc analysis, the risk of ascites was 
lower in patients with an HVPG decrease greater than 
10% or to less than 10 mm Hg at 1 year (treated with 
either β blockers or placebo) than in patients without 
such decreases: four (6%) of 67 versus 21 (24%) of 
89 (HR 0·27, 95% CI 0·09–0·75, p=0·012).

Incidence of high risk varices, death from any cause, 
and other secondary outcomes, did not differ between 
groups (table 3). Liver function, assessed by Child-Pugh 
score and model for end-stage liver disease score, was 
unchanged in both groups (table 2).

Regarding ascites, the benefit of β blockers versus 
placebo was slightly more apparent in the carvedilol 
stratum (HR 0·22, 95% CI 0·02–1·94) than in the 
propranolol stratum (0·50, 95% CI 0·22–1·18). Regarding 
death from any cause, the benefit of β blockers was also 
slightly greater in the carvedilol stratum (0·44, 95% CI 
0·08–2·43) than in the propranolol stratum (0·94, 95% CI 
0·31–2·78).

172 patients (86%) reported adverse events. The overall 
incidence was similar in each group, as were the incidences 
of adverse events considered by the investigator to be 
probably or very probably related to treatment (table 4). 
Severe adverse events occurred in six patients (four in the 
β-blockers group); none was fatal.

Discussion
In patients with compensated cirrhosis and CSPH, long-
term treatment with non-selective β blockers improves 
decompensation-free survival, mainly by decreasing the 
incidence of ascites. This finding might represent a new 
indication for β blockers in patients with compensated 
cirrhosis.4,5

Survival without developing any decompensation of 
cirrhosis was the primary endpoint of the study. However, 

in cirrhosis, most deaths occur after decompensation, 
whereas in compensated cirrhosis, liver function is 
preserved and deaths are few and usually non-
liver-related.10,14 Therapies targeting prevention of decom-
pensation of cirrhosis cannot avoid non-liver related 
deaths. Accordingly, we used competing-risk analysis to 
assess the primary outcome, considering non-liver related 
death as a competing event.

Beyond this observation, the most relevant finding 
of the study was the improvement in decompensation 
risk observed with β blockers. To our knowledge, this 
outcome has not been shown in any randomised 
controlled trial. Our findings do not appear to be due to 
any selection bias, as the risk of decompensation that we 
observed in the placebo group was similar to that 
reported in previous studies assessing the natural history 
of cirrhosis of different causes.15–20 Furthermore, the 
decompensation risk that we observed with β blockers is 
in keeping with previous observational studies suggesting 
a lower risk of decompensation in patients with good 
haemodynamic response to β blockers.21–23

Our results indicate that pharmacological therapy to 
decrease portal pressure can effectively prevent the 
progression of cirrhosis to decompensation, and is 
associated with marked prognostic improvement. The 
study shows that this benefit is mainly due to a decreased 
likelihood of developing ascites, the most common and 
severe decompensating event, for which no preventive 
drug therapy has previously shown efficacy.5,11 In addition, 
the study indicates that a long-term sustained decrease of 
portal hypertension is associated with reduced incidence 
of ascites, which underlines the pathogenic relevance of 

Placebo group 
(n=101)

β-blockers 
group (n=100)

Risk (95% CI)* p value†

Decompensation or death

Overall‡ 27 (27%) 16 (16%) 0·51 (0·26–0·97) 0·0412

Secondary outcomes

Ascites 20 (20%) 9 (9%) 0·42 (0·19–0·92) 0·030

Gastrointestinal bleeding 3 (3%) 4 (4%) 1·52 (0·34–6·82) 0·61

Overt hepatic encephalopathy 5 (5%) 4 (4%) 0·92 (0·40–2·21) 0·98

Death from any cause 11 (11%) 8 (8%) 0·54 (0·20–1·48) 0·23

Varices 56 (56%) 58 (58%) 1·15 (0·65–2·02) 0·72

High-risk varices§ 25 (25%) 16 (16%) 0·60 (0·30–1·21) 0·15

Spontaneous bacterial peritonitis 4 (4%) 2 (2%) 0·49 (0·10–2·70) 0·40

Other bacterial infections¶ 19 (19%) 15 (15%) 0·81 (0·41–1·59) 0·54

Hepatorenal syndrome 1 (1%) 1 (1%) 0·99 (0·06–15·96) 0·96

Hepatocellular carcinoma 17 (17%) 13 (13%) 0·76 (0·37–1·54) 0·43

Percentages are crude incidences of events occurring at any time during the follow-up. *Values indicate the hazard 
ratio of an outcome in the β-blockers group as compared with the placebo group. †Comparison of cumulative 
incidences by competing-risk analysis (differences assessed by Gray’s test). ‡The absolute reduction in the incidence of 
the primary outcome was of 11% (95% CI 0–22). §Among patients with high-risk varices, oesophageal variceal ligation 
to prevent bleeding was performed in 18 (72%) of 25 patients in the placebo group versus 11 (69%) of 16 in the 
non-selective β-blockers group. ¶Including spontaneous bacterial peritonitis, and other documented bacterial 
infections during follow-up.

Table 3: Long-term outcomes
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Diagnosis
w Cirrhosis causes >75% of ascites 
w “High SAAG, Low Protein”

 CHAPTER 15 Ascites and Hyponatremia 223 

• Fig. 15-5 Results of ascitic !uid analysis of patients in whom both the serum-ascites albumin gradient 
(SAAG; A) and the ascites total protein content (B) were determined. As clearly shown, patients with 
cirrhosis have a high (>1.1 g/dL) SAAG and a low ascites protein content (<2.5 g/dL), patients with cardiac 
ascites have a high SAAG and a high ascites protein content, and patients with peritoneal carcinomatosis 
have a low SAAG and a high ascites protein content. 
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• Fig. 15-4 Differential diagnosis of ascites depending on the source of ascites. The serum-ascites 
albumin gradient (SAAG) is high (>1.1 g/dL) when the source is hepatic sinusoids and is low when the 
source is other than the sinusoids. Ascites total protein content is high (>2.5 g/dL) when ascites arises 
either from normal sinusoids or from the peritoneum. Workup is directed accordingly. AFB, Acid-fast bacilli; 
CT, computed tomography; HVPG, hepatic venous pressure gradient. 
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Laparoscopy with
peritoneal biopsy
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CT scan
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Downloaded for Ethan Weinberg (ethan.weinberg@uphs.upenn.edu) at University of Pennsylvania from ClinicalKey.com by Elsevier on March 26, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.
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Low-Salt Diet

wWhat does this mean?
wDoes it work?
wWhat are the 

consequences?
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Low-Salt Diet

wWhat does this mean?
• Na 2000mg or 90mmol per day

~600mg Na

~1500mg Na

was necessary to include about 96 patients with cirrhosis
in our study. The data were expressed as mean ! stan-
dard error of the mean. In the comparison between
groups, the statistical analysis of the results was made
with the Student’s t-test for independent samples for
continuous variables and the chi-square test for categor-
ical ones with the use of Statistics 6. (Copyright Stat
Soft, 1984–2004 Inc., Tulsa, OK, USA), where P values
<0.05 were considered to be statistically significant. The
variables that were found to be significantly different
between patients with and those without at least one
emergent admission during the 6-month follow-up were
then included into a multivariate logistic regression
model and the results were presented as odds ratios with
a 95% confidence interval.

Results

In the period from March to August 2011, 163 outpa-
tients with cirrhosis and ascites were evaluated for the
study. Of these, ten patients were excluded because of
the presence of hepatic encephalopathy, six for the pres-
ence of other serious comorbidities (respiratory failure,
heart failure, extrahepatic cancer), six for the presence
of diabetes mellitus, three for gastrointestinal bleeding
and eight for the presence of a hepatocellular carcinoma
beyond the Milan criteria (19). Finally, five patients
refused to participate in the study, and five patients
managed to complete less than 50% of the responses to
the questionnaire. As a result, 120 patients (73.6%) were
included in the study.

Adherence to moderate dietary sodium restriction and
mean daily sodium intake

After the evaluation of the mean salt intake per day, 37
of the 120 patients included (30.8%) were found to fol-
low a moderate dietary sodium restriction as recom-
mended by the guidelines (Group A). Of the remaining
83 patients (Group B), 54 (65.1%) thought they were
following a moderate dietary sodium restriction (sub-
group B1), and 29 (34.9%) stated that they did not fol-
low it intentionally (subgroup B2).

The mean daily sodium intake in patients of Group A
and Group B was reported in Table 1.

The percentage of patients who considered the low-
salt diet for the treatment of their clinical conditions to
be useful was similar in the two groups (72.9% in Group
A vs. 66.3% in Group B, P = NS).

Factors involved in the adherence to a moderate dietary
sodium restriction

Patients who were actually following a moderately low-
salt diet (Group A) did not differ significantly from
the group B patients as regards age, sex, aetiology of
cirrhosis, time since the diagnosis of cirrhosis, time
since the appearance of ascites, percentage of patients

under diuretic treatment, the availability of a family
support and years of school attendance (Table 2). Simi-
larly, the duration of the period of abstinence to the
consumption of alcoholic beverages was similar in both
groups (36.1 ! 11.2 vs. 26.2 ! 5.9 months, P = NS).

Before attending the Care Management Program, the
percentage of patients who received the first prescrip-
tion of a moderate sodium dietary restriction by a con-
sultant hepatologist or by a primary physician was
similar in Group A and in Group B (51.3% and 29.2%
vs. 43.3% and 26.2%, respectively, P = NS). A moderate
sodium restriction diet was not prescribed, before
attending the Care Management Program, in 19.5% of
patients of Group A and in 30.5% of patients of Group
B (P = NS).

With regard to the severity of liver disease, it should
be noted that there were no statistically significant dif-
ferences between Group A and Group B in the Child–
Turcotte–Pugh score, nor in serum creatinine levels,
while in Group A, the MELD score, serum urea levels
and the percentage of patients with poor responsive
ascites was higher than in Group B (Table 2). The pro-
portion of patients on the waiting list for liver trans-
plantation in the two groups was reported in Fig. 1.
Patients who applied correctly a moderate sodium
restriction diet showed a longer attendance as outpa-
tients at the ‘Care Management Program’, both consid-
ering average time of follow-up (Table 2) and
considering patients who were followed up for more
than 2 months (Fig. 2). In relation to questions about
the salt content of foods, the absolute number of errors
was lower in patients in Group A than in Group B
(12.1 ! 0.6 vs. 21.3 ! 0.9 vs. P < 0.01).

Adherence to a moderate dietary sodium restriction,
ascites and serum sodium concentration

The relationship between low-salt diet and the possibil-
ity of developing a hyponatraemia was analysed by
considering the mean value of serum sodium, as well as

Table 1. Dietary sodium intake in patients with cirrhosis and asci-
tes who followed (Group A) or did not follow (Group B) the low-salt
diet. Patients in Group B are also divided into those who claimed to
follow a low-salt diet, but did not follow it (subgroup B1) and those
who claimed not to follow the low-salt diet (subgroup B2)

Parameter
Sodium in
foods (mmol/day)

Sodium added as salt
to foods (mmol/day)

Group A (n = 37) 58.9 ! 3.3 20.6 ! 2.2
Group B (n = 83) 103.3 ! 5.3* 102.6 ! 8.8**
Subgroup B1 (n = 54) 106.6 ! 6.9† 90.3 ! 10.6†
Subgroup B2 (n = 29) 97.0 ! 7.7 125.7 ! 14.9

A Bold value indicates a statistically significant variable (P < 0.05).

*P < 0.001, **P < 0.0001 in the comparison with patients of Group A.

†P < 0.0001 in the comparison with patients of Group A. No significant

difference was observed between patients in subgroup B1 and those in

subgroup B2.

Liver International (2015)
© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd1510
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Low-Salt Diet
wDoes it work?

Salt or no salt in the treatment of cirrhotic ascites

Results

One hundred and forty patients were included in the
study: 76 had a salt restricted diet and 64 had an
unrestricted diet. There were no significant differ-
ences before treatment between each group with
respect to clinical (Table 1) and laboratory data
(Table 2).

Patient follow up withdrawal and deaths are
summarised in Figure 1. There were no significant

differences between the groups in withdrawal rate,
or in the incidence of temporary interruption of the
treatment (34% in group I, 22% in group II). The
main clinical and biochemical data on the 14th day
are shown in Table 3, and on the 90th day in Table
4.

SURVIVAL
Crude survival and actuarial curves were compared
for the two groups. (a) Crude data: at 90 days, there

Table 2 Biochemical data before treatment

Salt restricted
diet

Patients (no)
Serum bilirubin (,umoVl)
Serum albumin (g/l)
Prothrombin time expressed as

a percentage of normal
Aspartate amino transferase
Normal (%)
2 to 4xnormal (0)

More than 4xnormal (%)
Scrum sodium (mmolIl)
Serum potassium (mmolI/)
Blood urea (mmolI1)
Urinary excretion (mmol/24 h)
Sodium
Potassium

76
40 5+26
28-5±5
Median: 53
Ranges: 27-100

41
54
S

136±3
3-8+0 5
37+1 7

23-9±36.6
26-7±25 8

Unrestricted
diet

64
34-5+ 18 5
27-4±4-5
Median: 56 5
Ranges: 25-100

45
50
5

135±4
3-8+0 5
4±1 7

38-3+58X7
33 5+32 3

NS
NS
NS

NS

NS
NS
NS

NS
NS

Table 3 Clinical and biochemical data on 14th day of treatment

Salt restricted
diet

Patients under treatment
Ascites
Complete disappearance ('Yo)
Partial disappearance (0%)
No disappearance (%)

Loss of weight (kg)
Decrease in abdominal girth (cm)
Appetite

Equal or less (%Yo)
Improve (%)

'o of patients taking maximum
spironolactone dose

Blood urca (mmol/l)
Difference 14th day- 1st day

Serum sodium (mmolI1)
Difference 14th day- 1st day

Serum potassium (mmolIl)
Difference 14th day- 1st day

Urine volumc (ml/24 h)
Urine sodium (mmolI24 h)
Urine potassium (mmol/24 h)

74

42
57

1
8+4 3

9)9+6

63-5
36-5

12
4-7+2-2
*1+1-8
132+4
t4±4-3
4-5±0 5

*() 6+0 6
*699+674
84-7+117 5
*29-4+44-9

Unrestricted
diet

61

23
60 6
16 4
5.4+4
58±+4

82
18

26
5.3+5.7
*07+ 1*6
133+4
t2 4+3-6
4 3+0*4
*0.5+0.5
*521 +654
99+ 129-4

* 176+±5)-5

NS
NS
p<OOI
p< )00I
p<0001

p<002
p<0O04
NS
NS
NS
S (p=0-025)
NS
NS
NS
NS
NS

* representing an increase.
t a decrease from the initial value.
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Low-Salt Diet

wWhat are the consequences?

the prevalence of a moderate hyponatraemia (serum
sodium between 135 and 125 mmol/L) and of a severe
hyponatraemia (serum sodium <125 mmol/L) in
patients of Group A and Group B (Table 3). In this
regard, it is worth noting that there was no statistically
significant difference in the prevalence of patients who

were subjected to water restriction in either Groups A
or B (78.4% vs. 71.1%, P = NS).

Adherence to a moderate dietary sodium restriction and
mean daily intake of calories

As regards the mean total intake of calories, it was
approximately 20% lower in patients in Group A com-
pared with Group B patients (Fig. 3).

Predictive factors for emergent hospital admission during
follow-up

Predictors of emergent hospital admission during a
6-month follow-up were evaluated by univariate and
multivariate analysis. As shown in Tables 4 and 5,
Child–Turcotte–Pugh score and the presence of refrac-
tory ascites were found to be the only independent pre-
dictive factors for at least one emergent admission
during follow-up.

Discussion

The first purpose of this study was to evaluate the
adherence of the patient with cirrhotic ascites to a

P < 0.01

Fig. 1. Percentages of patientswith cirrhosis and ascites on thewait-
ing list for liver transplantation among thosewho followed (GroupA)
or did not follow (Group B) amoderate sodium restriction diet.

100

56.7

75

P < 0.05

37.3
50

25

0
Group A Group B

Fig. 2. Percentage of patients attending the Care Management
Program for more than 2 months among those who followed
(Group A) or did not follow (Group B) a moderate sodium restric-
tion diet.

Table 2. Epidemiological, clinical and laboratory features in
patients with cirrhosis and ascites who followed (Group A) or did
not follow (Group B) the low-salt diet

Parameter
Group A
(n = 37)

Group B
(n = 83) P

Age (years) 59.4 ! 1.9 59.5 ! 1.1 NS
Gender (M/F) 24/13 60/23 NS
Aetiology of cirrhosis
(alcoholic/
non-alcoholic)

15/22 31/52 NS

Time lapsed from the
diagnosis of cirrhosis
(months)

54.1 ! 9.3 83.3 ! 9.4 NS

Time lapsed from the
appearance of ascites
(months)

13.8 ! 1.9 22.0 ! 3.0 NS

Child–Turcotte–Pugh
score

9.5 ! 0.3 9.6 ! 0.2 NS

MELD score 18.4 ! 1.1 16.4 ! 0.5 <0.05
Patients with refractory
ascites (%)

67.6 48.2 <0.05

Patients under diuretic
treatment (yes/no)

35/2 80/3 NS

Serum creatinine
(mmol/L)

103.7 ! 5.5 98.4 ! 4.2 NS

Serum urea (lmol/L) 9.9 ! 0.8 7.6 ! 0.5 <0.05
Presence of family
support (yes/no)

35/2 76/7 NS

Years of study
(≤8 years/>8 years)

17/20 60/23 NS

Care Management
Program attendance
(months)

16.6 7.26 0.01

A Bold value indicates a statistically significant variable (P < 0.05).

MELD, Model for End-Stage Liver Disease; NS, not significant.

1658

2000

1382.5

.7

1500 P < 0.05

1000

500
Group A Group B

Fig. 3. Daily caloric intake in patients with cirrhosis and ascites
who followed (Group A) or did not follow (Group B) a moderate
sodium restriction diet.

Liver International (2015)
© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 1511
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Head-out water immersion (HWI)

July m%? RENAL EFFECTS OF IMMERSION 583 
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FIG. 6. Effect of water immersion to the neck on plasma aldoste- 
rone in subjects in balance on a lo-meq sodium diet. Immersion re- 
sulted in a progressive decrement in plasma aldosterone beginning as 
early as 60 min. Cessation of immersion (recovery) was associated 
with a prompt return of plasma aldosterone to prestudy values. [From 
Epstein et al. (129), 0 The Endocrine Society.] 

at a time when PRA and plasma aldosterone were sup- 
pressed (107). These results suggest that the suppres- 
sion of the renin-aldosterone system is selective and not 
a manifestation of a generalized decrease in adrenocorti- 
cal activity (107). 

VIII. EFFECTS ON ARGININE VASOPRESSIN 

An immersion-induced diuresis has long been recog- 
nized and has been the focus of many investigative ef- 
forts. Since the initial proposal of Gauer et al. (158,159), 
many investigators have attributed the diuresis of 
water immersion to suppression of AVP through stimu- 
lation of left atria1 receptors (88,213). The recent avail- 
ability of highly precise and reproducible radioimmuno- 
assays for plasma AVP has facilitated a direct examina- 
tion of Gauer’s formulation. 

A. Urinary Excretion of Arginine Vasopressin 100 

To facilitate consideration of the divergent findings 
and the diverse experimental conditions, the salient 
features of each study were recently reviewed critically 
(286) and are summarized in Table 3. Initially, AVP re- 
sponsiveness during water immersion was assessed uti- 
lizing urinary AVP excretion as an index of AVP alter- 
ations. As indicated in Table 3, Epstein et al. (128) were 
the first to determine urinary AVP excretion during 
water immersion. They observed that water immersion 
resulted in a progressive decrease in urinary AVP ex- 
cretion from 80 t 11 (mean t SE) to 37 t 6 pU/min (P < 
0.05) in normal subjects studied following 14 h of over- 
night water restriction and with no water intake during 
the experiment. In contrast, AVP excretory levels were 
constant during the corresponding time control period. 
Cessation of immersion was associated with a marked 

rebound with AVP excretion increasing from 37 t 6 to 
177 t 73 pU/min during the recovery hour. 

Subsequently, other laboratories confirmed the 
findings of Epstein et al. (51, 258, 289). O‘Hare et al. 
(289) reported a decrease in urinary AVP excretion from 
a prestudy level of 30 to 8 pg/min (P < 0.05) after 2 h of 
water immersion in hydrated subjects (after an over- 
night fast, 400 ml water was ingested in the prestudy 
hour and 200 ml hourly thereafter). The excretory rate 
of AVP returned to the prestudy level in the recovery 
hour after 4 h of water immersion, whereas no changes 
were detected during a corresponding time control. 
Claybaugh et al. (51) compared trained and untrained 
subjects during a control study, during seated water im- 
mersion for 6 h, and with the subjects in the supine 
position. In the untrained group, they found a signifi- 
cant decrease in urinary AVP excretion (factored by Co, 
to correct for voiding errors) during the third and fifth 
immersion hour compared with prestudy values. Their 
subjects ingested a water load of 0.5% body wt during 
the hour preceding the study but were given no water 
during water immersion. Matsuda et al. (258) recorded a 
50% decrease in AVP excretion during only 30 min of 
water immersion. During this study, a water tempera- 
ture of 15OC was used, and the subjects wore a rubber 
dive suit. It is therefore conceivable that cold water en- 
hanced the water immersion-induced increase in central 
volume, thereby inducing a faster and more pronounced 
suppression of AVP. 

As indicated in Table 3, only one study of five did 
not demonstrate a decreased excretion of AVP during 
water immersion (316). The reason for the ostensible 
discrepancy between the data of this study and others is 
not readily apparent. 

In summary, the urinary excretion of AVP is sup- 
pressed during water immersion in humans in four of 
five studies (Table 3). The suppression is evident 
whether the subjects are maintained dehydrated (128) 

80 
% 

DECREASE 
FROM 6o 

PRE-STUDY 
40 

20 

0 

a-e PLASMA RENIN ACTIVITY 

0-o PLASMA ALDOSTERONE 

I I  I  I  I  I  

0 60 120 180 240 60 
TIME (minutes) 

FIG. 7. Comparison of effects of immersion on PRA and plasma 
aldosterone in subjects in balance on a lo-meq Na diet. Data are per- 
cent change from preimmersion hour. Suppression of plasma aldoste- 
rone paralleled suppression of PRA throughout immersion period. 
Similarly, following cessation of immersion, recovery of both PRA 
and plasma aldosterone occurred in parallel. [From Epstein et al. 
(129), 0 The Endocrine Society.] 

Downloaded from journals.physiology.org/journal/physrev at Univ of Pennsylvania Library (165.123.034.086) on April 24, 2024.

Murray Epstein Physiological Reviews, 1992 



18

Head-out water immersion (HWI)

Murray Epstein Physiological Reviews, 1992 
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FIG. 3. Schematic drawing of possible mechanisms whereby immersion-induced central hypervolemia induces natriuresis. Heavy arrows 
indicate pathways for which evidence is available. OLF, ouabainlike factor. 

increase in renal PGE production. To assess the rela- 
tionship between renal PGE and renal sodium handling, 
Epstein et al. (115) studied a group of normal subjects 
during four experimental maneuvers. Initially, nine 
normal subjects were studied twice in the sodium-re- 
plete state during water immersion, with indomethacin 
pretreatment (50 mg every 6 h for 5 doses) (WI + Ind) 
and without indomethacin (WI). Although indometha- 
tin administration lowered the basal rate of urinary 
PGE excretion (Urge V) before immersion, it neither 
prevented the subsequent augmentation of Upo,V dur- 
ing WI + Ind nor affected the magnitude of the natriure- 
sis during WI + Ind. Subsequently, six of the subjects 
were restudied following dietary sodium restriction (10 
meq/day). The changes in UrGEV during WI and WI + 
Ind were qualitatively similar to those observed in the 
sodium-replete state. In contrast to the sodium-replete 
studies, however, the natriuresis of immersion was at- 
tenuated markedly by indomethacin pretreatment. 
These observations are consistent with the suggestion 
that renal PGE constitutes a determinant of the renal 
excretory response to immersion-induced central vol- 
ume expansion in the sodium-depleted state (115). 

III)ROLEOFATRIALNATRIURETICFACTOR. Whether 
the increase in plasma ANF during water immersion in 
humans is a mediator of the natriuresis of immersion 
has been a major focus of recent investigative interest. 
Epstein et al. (119) assessed the relationship between 
ANF augmentation and sodium excretion in 12 normal 
subjects during water immersion. They demonstrated a 
significant linear correlation between peak UN,V and 
the peak plasma ANF values attained during water im- 

mersion (r = 0.67; P < 0.025). These data are depicted in 
Figure 4 in which the basal (preimmersion) and peak 
UN,V levels are plotted in comparison to the basal (i.e., 
mean of three preimmersion values) and peak ANF lev- 
els. It is apparent that, with one exception, individuals 
exhibiting higher peak levels of plasma ANF during im- 
mersion tended to manifest higher rates of sodium ex- 
cretion. In addition, there was also a relationship be- 
tween peak ANF and the level of cumulative sodium 
excretion during the 3-h water immersion period (r = 
0.60; P < 0.05). 

Pendergast et al. (296) examined the relationship 

300 r 

200 - 

“Na” 
(ueq/min) 

loo- 

I I 1 I 1 
10 20 30 40 50 

Plasma AN F (fmol/rnl) 

FIG. 4. Immersion-induced changes in UN,V and circulating 
atria1 natriuretic factor (ANF) levels. Open circles, basal UN,V and 
peak plasma ANF during the prestudy period; filled circles, peak val- 
ues attained during immersion. There was a direct correlation be- 
tween peak UN,V and peak plasma ANF (r = 0.67; P < 0.025). [From 
Epstein et al. (119).] 

Downloaded from journals.physiology.org/journal/physrev at Univ of Pennsylvania Library (165.123.034.086) on April 24, 2024.
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Diuretics
w For mild to moderate ascites, can use spironolactone alone
w Single center study in Spain
w Grade 2 ascites – visible on PE, but LVP not needed
w 100 patients – 1:1, spiro+furosemide vs spiro alone
w Increase in diuretic dose every 4 days as needed to achieve 

Grade 1 ascites

serum sodium concentration were observed in Groups 1 and
2, respectively (Table 3). When both groups of patients were
compared at the end of treatment, no significant differences
were found regarding renal function and endogenous
vasoactive systems, except for an increase in serum
potassium levels in the group of patients treated with
spironolactone alone (4.7 ^ 0.7 vs. 4.3 ^ 0.4 mEq/l;
P , 0:03) (Table 4).

The percentage of patients in whom diuretic dosage had
to be reduced due to an excessive response was significantly
higher in Group 1 than in Group 2 (68 vs. 34%; P ¼ 0:002).
(Fig. 2).

3.2. Diuretic-induced side-effects

The incidence of complications induced by diuretic
therapy was similar in the two groups (three cases in Group
1 and six in Group 2; NS). In Group 1, they consisted of
muscle cramps in one case, hypokalemia in one, and renal
failure in the remaining patient. In Group 2 they were
hyperkalemia (three cases), hyponatremia (two cases; one of
these also received furosemide) and hepatic encephalopathy
(one patient). In the four cases with hypo- or hyperkalemia,
potassium levels normalized with appropriate measures.
For this reason, these cases were not considered as
refractory ascites. In contrast, diuretic treatment had to be
discontinued in cases with severe diuretic-induced side

effects (namely hepatic encephalopathy, renal failure, and
marked hyponatremia).

4. Discussion

Since the study by Pérez-Ayuso et al. [6], showing that
spironolactone is more effective than furosemide in
nonazotemic cirrhotic patients with ascites, it has been
well established that increasing doses of spironolactone
alone or associated with furosemide are the most suitable
approaches to the treatment of these patients, while the
single administration of furosemide is not recommended
because this drug alone fails to increase the urinary sodium
excretion in approximately 50% of cases [6]. Therefore, two
different diuretic schedules are usually used in cirrhosis.
The first consists of the administration of increasing doses of
spironolactone, adding furosemide only to those patients not
responding to the highest recommended doses of the former,
whereas the second consists of starting with the simul-
taneous administration of furosemide and spironolactone,
increasing the doses of both drugs if no therapeutic response
is achieved.

We report the results of a randomized controlled trial
comparing the efficacy and safety of these two treatment
schedules. The simultaneous administration of a loop
diuretic, such as furosemide, with and aldosterone antagon-
ist, such as spironolactone, may offer three advantages.

Table 2
Effectiveness and safety items in both therapeutic groupsa

Group 1: S þ F (n ¼ 47) Group 2: S (n ¼ 47) P value

Loss of body weight (kg) 7.5 (2–17) 6.6 (2–15) NS

Time to obtain of response (days) 9.8 (4–35) 10.3 (4–32) NS

Response or Mobilization of ascites (n/%) 46/98 44/94 NS
Side effects (n/%) 3/7.7 6b/13.2 NS

Need to reduce the diuretic dosage (n/%) 32/68 16/34 0.002

Spironolactone (mg)
Cumulative dose 1934 (400–7700) 2445 (400–7800) NS

Dose/day 148 (83–233) 170 (100–325) 0.037

Dose/liter of ascites 311 (125–1405) 407 (118–1300) NS

Cumulative dose of furosemide (mg) 480 (80–3080) 240 and 640c -

a Median (range).
b In one, furosemide was added.
c Only two patients of this group received treatment with furosemide.

Table 3
Serum and urine electrolytes, serum urea and creatinine before and after diuretic therapy in responding patients

Group 1: S þ F (n ¼ 46) Group 2: S (n ¼ 44)

Baseline After P value Baseline After P value

Serum creatinine (mg/dl) 0.8 ^ 0.2 0.94 ^ 0.4 0.0005 0.83 ^ 0.2 0.91 ^ 0.2 0.0007

Serum urea (mg/dl) 25.9 ^ 13.8 34 ^ 18.5 0.001 29.6 ^ 12.3 31.4 ^ 16.3 NS

Serum sodium (mmol/l) 135.6 ^ 2.4 134.9 ^ 3.2 NS 136.1 ^ 3.6 134.7 ^ 3.9 0.003
Serum potassium (mmol/l) 4 ^ 0.4 4.3 ^ 0.4 0.0007 4.1 ^ 0.5 4.7 ^ 0.7 0.00005

Urinary sodium (mmol/l) 23 ^ 12.5 90.5 ^ 70.2 0.00005 20.4 ^ 14.5 101 ^ 49.8 0.00005

J. Santos et al. / Journal of Hepatology 39 (2003) 187–192190

J Satos et al Journal of Hepatology, 2003.
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Comparison of menstrual irregularities in three 
groups

Only one patient in group I (14.2%) experienced men-
strual irregularities (abnormal vaginal bleed) while none 

of the patient in group II or group III experienced men-
strual irregularities (P = <0.001, <0.001).

Comparison of electrolyte derangement in three 
groups

Baseline mean potassium levels of three groups are shown 
in Table 2 and the difference between them was statisti-
cally non-signi"cant. Only one (2.8%) patient in group I 
developed hyperkalemia. No patient in group II or group 
III developed hyperkalemia over a period of 3 months (P 
= >0.05, >0.05). No patient developed hyponatremia in 
any of the group.

Discussion

This study was conducted to compare the ef"cacy and side 
effects of two aldosterone receptor blockers, that is, SP 
and EP in management of ascites in liver cirrhosis. Both 
these drugs are potassium-sparing diuretics; however, EP 
is 40 times less potent than SP as aldosterone receptor 
blocker and 370 times less potent in blocking dihydrotes-
tosterone activation of androgen receptors [3]. To the best 
of our knowledge at present no study has been done to 
compare the ef"cacy of SP and EP in patients of ascites 
due to cirrhosis.

In this study in all the three groups mean reduction 
of weight and abdominal girth after 3 months of treat-
ment came out to be statistically signi"cant (P = <0.001 in 
all three groups). Thus this indicates that in all the three 
groups the drugs in their respective doses were effective 
in causing signi"cant weight and girth reduction, indi-
cating that the drugs were effective in reducing ascites 
by inducing effective diuresis and natriuresis. There was 

Fig. 1. Absolute weight reduction and percentage of weight reduction in all groups from start till end.

Fig. 2. Comparison of abdominal girth reduction and percentage of 
abdominal girth reduction in all groups from start till end.
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rhosis was alcoholic in 1 I, posthepatitic in 2 and crypto- 
genic in 1 patient. All patients were non-azotemic (serum 
creatinine levels below 2.0 rag/100 ml), and all serum 
electrolytes were in the normal range. There was no 
evidence of heart failure, renal disease, hypertension, 
diabetes, encephalopathy or recent gastrointestinal 
bleeding. The nature of the study was explained in detail 
to the patients and written consent was obtained. The 
study was designed and performed according to the 
principles of the Declaration of Helsinki and approved 
by the local ethical committee. 

Protocol of the stud), 
The investigation began with an equilibration period 

of at least 4 days without diuretics. Drug administration 
was followed by a 24 h observation period. After a wash- 
out period of at least 2 days and administration of the 
other drug there was another 24 h observation period. 
During the study patients received a regular diet and 
did not receive any other diuretic medication. Baseline 
renal function parameters were investigated in 7 patients 
and were not different before treatment with either drug. 
Single oral doses of torasemide (20 mg) and furosemide 
(80 mg), which were found equipotent in healthy subjects 
(8), were given to patients on the first experimental day 
and alternated on the second day of observation accord- 
ing to a randomized double-blind cross-over design. 
During these days urine was collected at defined intervals 
for 24 h (0-2, 2-4, 4-6, 6-8, 8-10, 10-24 h) and analyzed 
for volume, sodium, potassium and chloride. Blood 
samples for electrolytes, creatinine and other parameters 
were taken before and 24 h after drug administration. 
Blood pressure and heart rate were determined at the 
same time. Blood samples for plasma renin activity and 
plasma aldosterone concentrations were collected under 
basal conditions, 6 and 24 h after administration of the 
diuretic, with patients remaining in the supine position 
for 1 h preceding the collection. Sodium, potassium and 
chloride were determined by flame photometry, creati- 
nine by the conventional colorimetric method of Jaffe, 
and plasma renin activity and plasma aldosterone con- 
centration by a radioenzymatic method as described 
previously (9). 

Statistical analysis 
Results are expressed as the mean and standard error. 

Statistical significance was tested by a paired and 
unpaired Student's t-test, respectively. A p-value of less 
than 0.05 was considered significant. 

Results 

There was no difference in cumulative sodium excre- 
tion between torasemide and furosemide 0-6  h after 
drug administration (Fig. la). However, in the 6-24 h 
interval torasemide induced significantly higher natri- 
uresis (38 _+ II vs. 17 +_ 4mmol  sodium)(Table  1). 
Urinary volume was significantly higher following 
torasemide administration (Fig. lb, Table 1), and 
body weight 24 h after administration was reduced by 
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Fig. la. Cumulative urinary sodium excretion m a 24 h period 
following administration of torasemide (20 mg p.o.) ( • ) and furosemlde 

(80 mg p.o.) (©) in 14 patients with cirrhosis and ascites. 

Fig. lb. Cumulative urinary volume in a 24 h period following 
administration of torasemide (20 mg p.o.) (O) and furosemide (80 mg 

p.o.) (©) in 14 patients with cirrhosis and ascites. 

AL Gerbes et al Journal of Hepatology, 1993.



22

Ascites and Long-term Albumin Infusion
w Randomized trial for patients with 

diuretic-responsive ascites
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SMT + regular albumin infusions
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involved in the study (appendix). Per-protocol HA was 
supplied by a company pool (Baxalta, CSL Behring, Biotest 
Italia, Grifols Italia, Kedrion Biopharma) according to 
Italian legislation governing non-profit trials.

The study was registered in the European Clinical Trial 
Database (EudraCT2008-000625-19) and ClinicalTrials.
gov (NCT01288794).

Role of the funding source
The trial was funded by a competitive peer-reviewed 
grant from the Italian Medicine Agency. The funder had 
no role in study design, data collection, data analysis, 
data interpretation, or writing of the report. The 
corresponding author had full access to all the data in the 
study and had final responsibility for the decision to 
submit for publication.

Results
From April 2, 2011, to May 27, 2015, 440 patients were 
randomly assigned to receive either SMT (n=220) or SMT 
plus HA (n=220). Six patients, who were withdrawn from 
the study within 30 days from enrollment, were excluded 
because of wrong inclusion, and three patients, who did 
not receive any treatment, were excluded because of 
consent withdrawal. Therefore, the modified intention-to-
treat analysis included 213 patients in the SMT group and 
218 in the SMT plus HA group (figure 1). Data on screened 
patients were incomplete in many participating centres, so 
comprehensive information about screening cannot be 
provided. However, screening was properly recorded at 
four highly recruiting centres where data were gathered 
(appendix). Baseline demographic, clinical, and laboratory 
features were well balanced between the two groups 
(table 1). 41 patients in the SMT group and 42 in the SMT 
plus HA group ended their follow-up prematurely. 
Thus, 172 patients in SMT group and 176 patients in SMT 
plus HA group completed the study according to the pre-
specified causes of study termination (per-protocol 
population). Although liver transplantation and TIPS 
placement were similar between the two groups, patients 
receiving SMT had a more frequent need for three or more 
paracenteses per month and had more deaths than those 
receiving SMT plus HA (figure 1) There were 46 deaths, 
18 liver transplantations, 8 TIPS placements, and 
42 needing three or more paracenteses per month in the 
SMT group and 38 deaths, 19 liver transplantations, 6 TIPS 
placements, and 18 needing three or more paracenteses 
per month in the SMT plus HA group. As a result, the 
follow-up was significantly shorter in the SMT group 
(median 11·5 months [IQR 3·3–17·8] vs 17·6 months 
[IQR 8·0–18·0]; p=0·005). Details on the causes of 
premature study termination and deaths and protocol 
adherence are reported in the appendix.

In the SMT plus HA group, long-term HA administration 
was associated with a significant increase in mean serum 
albumin concentration from a baseline concentration of 
3·1 g/dL to about 4 g/dL within 1–2 months (p<0·0001), 
whereas no change occurred in the SMT group. Thereafter, 
serum albumin concentration remained stable and 
significantly higher in the SMT plus HA group than in the 
SMT group, with a gap fluctuating between 0·6 and 
0·8 g/dL (p<0·0001; figure 2).

The 18-month all-cause mortality rate was significantly 
lower in the SMT plus HA group (0·27 deaths per 
person-18 months [95% CI 0·19–0·37]) than in the SMT 
group (0·44 [95% CI 0·32–0·80]), leading to an incidence 
rate ratio of 0·61 (95% CI 0·39–0·96; p=0·027). 
Consistently, patients receiving HA had a significantly 
higher 18-month probability of overall survival than did 
those treated with SMT alone (K-M 77% SMT plus HA vs 
66% SMT; p=0·0285; figure 3), corresponding to a 38% re-
duction in the mortality HR (0·62 [95% CI 0·40–0·95]). 
The beneficial effect of HA administration on 18-month 
all-cause mortality (incidence rate 0·30 [95% CI 0·21–0·41] 

Figure 2: Serum albumin concentration throughout the study period
Serum albumin concentration in patients receiving SMT or SMT plus HA. Dots are 
mean values and bars are SD. HA=human albumin. SMT=standard medical 
treatment.

Number of patients
SMT

SMT plus HA

0 3 6 9 12 15 18

213
218

115
153

84
123

76
109

53
103

52
88

51
86

Time (months)

0

0·5

1·0

1·5

2·0

2·5

3·0

3·5

4·0

4·5

5·0

Se
ru

m
 al

bu
m

in
 co

nc
en

tra
tio

n 
(g

/d
L)

* * * * * * * * * * * * * * * * * *

SMT plus HA
SMT *p<0·0001

Figure 3: Overall survival
Kaplan-Meier estimates for the probability of overall survival in the modified 
intention-to-treat population of SMT and SMT plus HA groups. The p value was 
calculated by the log-rank test. HA=human albumin. SMT=standard medical 
treatment.

Number at risk
SMT

SMT plus HA

0 3 6 9 12 15 18

213
218

157
183

110
153

90
135

76
121

65
109

28
43

Time (months)

0

20

40

60

80

100

Ov
er

al
l s

ur
vi

va
l (

%
)

SMT plus HA
SMT HR 0·62 (95% CI 0·40–0·95)

p=0·0285

Downloaded for Anonymous User (n/a) at UNIVERSITY OF PENNSYLVANIA from ClinicalKey.com by Elsevier on December 07, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

Articles

2424 www.thelancet.com   Vol 391   June 16, 2018

transplant ation were the competing events. This 
analysis showed a beneficial effect conferred by HA 
administration on refractory ascites and the first 
occurrence of HRS type 1, SBP, and hepatic 
encephalopathy grade 3 or 4, whereas no effect was 
seen on the first occurrence of non-SBP bacterial 
infections and bleeding from gastro-oesophageal 
varices (appendix).

Quality of life throughout the follow-up, as assessed by 
mean values of EQ-5D utility index and VAS, remained 
roughly steady in the SMT plus HA group, whereas it 

declined to a significant extent from 3 to 12 months in 
the SMT group (appendix). The number of hospital 
admissions and days spent in hospital per patient in a 
year were significantly reduced in the SMT plus HA 
group by 35% and 45% with respect to the SMT group 
(table 2). Liver-related and non-liver-related causes of 
hospital admissions are reported in the appendix. For the 
cost-effectiveness analysis, direct health-care costs were 
based on the tariffs of the Italian National Health Service 
and included hospital admissions, procedures for per-
protocol HA infusion, amount of HA administered for 
any reason, and paracentesis. The extra cost related to 
the per-protocol HA administration in the SMT plus 
HA group was largely counterbalanced by savings 
derived from fewer hos pital admissions and paracent-
eses, and less HA use for established indications, 
such as prevention of paracentesis-induced circulatory 
dys function and SBP-induced renal dysfunction, and 

Figure 6: Management of ascites
Kaplan-Meier (cumulative event curves) estimates for (A) the probability of first 
paracentesis and (B) the probability of developing refractory ascites in patients 
randomly assigned to receive SMT or SMT plus HA. HA=human albumin. 
HR=hazard ratio. SMT=standard medical treatment. HR=hazard ratio.
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R – Recurrent/Refractory Ascites
S – Spontaneous Bacterial Peritonitis (SBP)
T – Thoracentesis (Hepatic Hydrothorax)
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Recurrent Ascites - Paracentesis

IV albumin if removing    >5L during paracentesis
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Large Volume Ascites
w Grade 3 Ascites – Large ascites that cannot be mobilized
OR early recurrence after LVP that is not prevented with 
diuretics

w Recurrent Ascites – Recurs at least 3x within one year despite 
Na restriction and diuretics

w Refractory Ascites 
• Diuretic resistant – large ascites persists despite furosemide 160mg 

and spironolactone 400mg daily (rare)
• Diuretic intractable – side effects of diuretics (Na, Cr, K, CO2) preclude 

the use of maximum doses (common)

SW Biggens et al Hepatology, 2021
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Recurrent Ascites - TIPS

C Bureau et al  Gastroenterology 2017.
Boyer & Haskal, 2009.
P Gines et al 2002.

Other relative contraindications:
Age (>60)
Overt Hepatic Encephalopathy
Advanced Kidney Disease
MELD > 18

whom a TIPS may still be necessary for ascites control, a
higher gradient may be appropriate (in order to limit
worsening encephalopathy); this affords the opportunity
to further enlarge the TIPS at a later date if diuresis is
inadequate and encephalopathy is satisfactorily con-
trolled. Further study in this area is warranted.

Finally, in the authors’ experience the effective gradi-
ent needed to prevent rebleeding from gastric varices may
be lower than 12 mm Hg and even with apparent decom-
pression embolization of the gastric varices may be re-
quired to minimize the risk of early rebleeding. Also,
rebleeding from gastric varices may occur with small in-
creases in portal pressure suggesting surveillance of this
group of patients following a TIPS is of particular impor-
tance.21

Further complicating the issue is the problem of how
the pressures are obtained. The classic way is to measure
the free and wedged hepatic vein pressure and then to
subtract the two values yielding the HVPG.22 The use of
the free hepatic vein or inferior vena cava (IVC) pressure
is necessary to correct for the intra-abdominal pressure
and allows for measurement of the true pressure gradient
across the liver. After TIPS creation the portal pressure is
obtained and the PPG calculated. Most radiologists use
the right atrial pressure as the reference point because the
hepatic vein is now part of the shunt and thus a free
hepatic vein pressure cannot be obtained after shunt cre-
ation as the diverted portal flow artifactually raises the
pressure within the outflow hepatic vein that drains the
TIPS. The right atrium is of course in the chest and the
basal pressure in the chest is lower than the intraabdomi-
nal pressure and the true PPG is not measured using this
reference point. In addition, once the TIPS has been cre-
ated the right atrial pressure tends to rise, thus complicat-
ing the measurement. One solution to this problem is to
use the IVC pressure as the reference value but this has not
been adopted by the interventional radiologic commu-
nity. No standardization of where in the IVC the pressure
should be obtained has limited this approach and cur-
rently the right atrial pressure is used by most interven-
tional radiologists despite the above limitations. Some of
these uncertainties could be resolved with standardization
of how the HVPG or PPG is measured during creation of
a TIPS so that the measurements are uniform and can be
used to judge hemodynamic success more accurately.

Pre-Tips Evaluation and Contraindications
Most patients who are referred for a TIPS should be

under the care of a gastroenterologist or hepatologist. It is
this individual in consultation with the interventional ra-
diologist who must reach the decision that a TIPS is the
appropriate form of treatment for a complication of por-

tal hypertension. As discussed in the following section it is
clear that there are predictors of a poor outcome following
TIPS. However, the risk of the procedure must always be
balanced with the severity of the complication from
which the patient is suffering and the likelihood of the
patient surviving long enough to receive a liver transplant
following creation of a TIPS. Thus, the decision to per-
form or not perform a TIPS in a high risk patient should
be reached by the gastroenterologist/hepatologist and the
interventional radiologist together. Ideally, in a high risk
patient, a transplant center should also be consulted pre-
ceding the final decision. In the emergent setting of acute,
uncontrolled variceal hemorrhage, contacts with trans-
plantation centers may be secondary to the need for shunt
creation.

Listed in Table 2 are contraindications to the creation
of a TIPS. These include both absolute contraindications
to any form of portosystemic diversion, be it surgical or
percutaneous. Absolute contraindications include con-
gestive heart failure, severe tricuspid regurgitation and
severe pulmonary hypertension (mean pulmonary pres-
sures of ! 45 mm Hg as these patients are not candidates
for a liver transplant).24 Whether patients with more mild
pulmonary hypertension can receive a TIPS safely is un-
clear. Relative contraindications include anatomic ones
that can complicate the creation of the shunt and reduce
the technical success, including portal venous obstruc-
tion, large hepatic tumors, extensive polycystic liver dis-
ease, and hepatic vein obstruction. It is well established
that shunts can be created in all of these cases with the
right experience and under appropriate clinical circum-
stances but the difficulty of creating the TIPS needs to be
balanced with the need of the patient. Situations in which
these relative contraindications might be outweighed by
clinical necessity include palliative TIPS in patients with a
hepatoma and refractory variceal bleeding, recanalization
of occluded portal veins in patients with recurrent variceal
bleeding or refractory ascites, or a patient with Budd-

Table 2. Contraindications to Placement of a TIPS
Absolute

Primary prevention of variceal bleeding
Congestive heart failure
Multiple hepatic cysts
Uncontrolled systemic infection or sepsis
Unrelieved biliary obstruction
Severe pulmonary hypertension

Relative
Hepatoma especially if central
Obstruction of all hepatic veins
Portal vein thrombosis
Severe coagulopathy (INR ! 5)
Thrombocytopenia of " 20,000/cm3

Moderate pulmonary hypertension

HEPATOLOGY, Vol. 51, No. 1, 2010 3

episodes occurred in the same patient with a totally
occluded shunt) compared with 341 episodes in 29 pa-
tients of the paracentesis group. The remaining 6 pa-
tients of the paracentesis group (4 of them with alcoholic
cirrhosis) did not develop recurrent ascites during fol-
low-up despite having met the criteria for refractory
ascites at inclusion in the study. This finding has been
reported in previous therapeutic trials on refractory as-
cites5,13 and may be related to the spontaneous improve-
ment of renal and/or liver function or the effect of
abstinence in patients with alcoholic cirrhosis. The me-
dian time to the first recurrrence of large ascites was

markedly longer in the TIPS group than in the paracen-
tesis group (171 vs. 20 days, respectively, P ! 0.0001)
(Figure 3). No significant differences existed between the
2 groups with respect to the average doses of furosemide
and spironolactone received during the follow-up (TIPS:
49 " 7 mg/day and 129 " 17 mg/day, respectively;
paracentesis: 53 " 8 mg/day and 135 " 22 mg/day,
respectively; P # not significant).

Of 30 episodes of recurrent large ascites occurring in
patients randomized to TIPS (and excluding the patient

Table 2. Clinical Outcome According to the Assigned Treatment

Variable TIPS (N # 35)

Paracentesis
plus albumin

(N # 35) P Value Odds ratio (95% CI)

Ascites recurrence
Patients no. 17 (49) 29 (83) 0.003 0.19 (0.06–0.59)
Episodes/patient 3.6 " 1.7 11.7 " 2.7 0.03
Renal failure no. 9 (26) 17 (49) 0.04 0.36 (0.13–1.0)
Hepatorenal syndromea 3 (9) 11 (31) 0.03 0.20 (0.05–0.81)
Other 6 (17) 6 (17) 1.0 1.0 (0.28–3.46)
Hyponatremiab no. 6 (17) 12 (34) 0.13 0.39 (0.12–1.21)
Gastrointestinal bleedingc no. 8 (23) 8 (23) 1.0 1.0 (0.32–3.0)
Spontaneous bacterial peritonitisc no. 2 (6) 4 (11) 0.67 0.46 (0.08–2.75)
Hepatic encephalopathyc

All: patients no. 27 (77) 23 (66) 0.29 1.76 (0.06–5.05)
Episodes/patient 2.2 " 0.4 1.1 " 0.2 0.01
Moderate (I–II): patients no. 18 (51) 14 (40) 0.47 1.58 (0.61–4.1)
Episodes/patient 1.1 " 0.3 0.6 " 0.1 0.17
Severe (III–IV): Patients no. 21 (60) 12 (34) 0.03 2.87 (1.1–7.6)
Episodes/patients 1.1 " 0.2 0.5 " 0.02 0.02
Death/liver transplantation no. 20/7 (77) 18/7 (71) 0.6/1 1.2 (0.53–3)/1 (0.3–3)

NOTE. Plus-minus values are means " SEM. Numbers in brackets are percentages.
aOccurrence of de novo hepatorenal syndrome in patients without hepatorenal syndrome at inclusion or progression from type 2 hepatorenal
syndrome at inclusion to type 1 hepatorenal syndrome.1
bReduction in serum sodium concentration of 5 mmol/L or more with respect to values at inclusion with a final value below 130 mmol/L.
cGastrointestinal bleeding, spontaneous bacterial peritonitis, and hepatic encephalopathy were defined as described elsewhere.18–20

Figure 1. Probability of survival after entry into the study in the 2
groups. Numbers below the graph are patients at risk at each time
point (P$A, paracentesis plus albumin; T, TIPS).

Figure 2. Probability of survival after entry into the study in the 2
groups of patients classified according to the Child-Pugh score (B and
C) and presence or absence of renal failure at inclusion (serum
creatinine cutoff level 1.5 mg/dL). Numbers below the graphs are
patients at risk at each time point (P$A, paracentesis plus albumin;
T, TIPS).
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TIPS – Candidate selection
Who is safe to undergo TIPS?

M Malinchoc et al Hepatology, 1998liver failure. On the other hand, there were 63 patients with a
Child-Pugh score greater than 10 with normal renal function.
The high Child-Pugh score would suggest a poor outcome;
however, our model correctly predicted survival longer than
3 months in 52 of these 63 patients.

DISCUSSION

TIPS functions in effect like a side-to-side portocaval shunt
and promptly reduces portal pressure. The decrease in
hepatic sinusoidal pressure decreases the risk of variceal
bleeding as well as the formation of ascites. However, by
diverting portal blood flow, TIPS may worsen liver function as
well as increase the risk of hepatic encephalopathy in these
patients. Some patients do well after TIPS whereas others fair
poorly and their survival might, in fact, be reduced. Thus, it is
important to be able to predict the patient who is most likely
to benefit from TIPS. In those patients in whom predicted
survival can be counted in days (or weeks), the procedure
might be best performed only as a bridge to liver transplanta-
tion. In this study, we have shown that a model using
creatinine, bilirubin, INR for prothrombin time, and the
cause of liver disease may accurately predict patients who
have a median survival of 3 months after the elective
procedure (R ! 1.8). This model was developed using a
heterogeneous group of patients, from geographically diverse
areas of the United States and accurately predicted survival in
an independent group of patients from The Netherlands.

The Child-Pugh classification,10 used to stratify patients, is
based on arbitrary criteria and does not quantify a patient’s

expected survival. The Child-Pugh classification is easy to
calculate and can differentiate between patients with poor
liver function and preserved liver function. It is not as useful
when applied to patients undergoing TIPS as the majority of
patients are of Child-Pugh class C, and the classification does
not discriminate within class C. Also, the Child-Pugh classifi-
cation uses serum bilirubin, albumin, prothrombin time,
presence of ascites, and encephalopathy. Bilirubin and pro-
thrombin time measured within 24 hours of TIPS may
accurately reflect underlying liver function, but albumin,
ascites, and encephalopathy are subject to medical interven-
tion. Moreover, the Child-Pugh classification treats all pa-
tients with a bilirubin greater than 3 mg/dL (10 mg/dL if they
are cholestatic), or prothrombin time greater than 6 seconds
prolonged, or albumin less than 2.8 g the same. Clearly, the
prognosis of a patient of cirrhosis with a bilirubin of 4 mg/dL
is better than that of a patient with a bilirubin of 20 mg/dL,
but the Child-Pugh classification does not recognize this.
Albumin tends to be low immediately after a bleed and after
red cell transfusions. Further, there are difficulties as well as
considerable observer variation in scoring ascites and encepha-
lopathy.11 During vigorous fluid resuscitation, ascites can
become more prominent. Encephalopathy is also more com-
mon after a bleed but can respond promptly to treatment such
as lactulose.23 Moreover, ascites and encephalopathy rely
heavily on physical examination for diagnosis. Consequently,
within the span of 24 hours, a patient’s Child-Pugh classifica-
tion can change by one class depending on how carefully the
patient is examined.11 Another difficulty is that the Child-
Pugh classification uses prothrombin time in seconds. With
the use of the INR for prothrombin time and the reporting of
results using an INR,17 the scoring becomes more difficult.
Both the prothrombin time in seconds as well as the
prothrombin index expressed as a percentage of control vary
depending on the sensitivity of the thromboplastin used. If a
hypothetical patient at the Mayo Clinic (where the control for
the prothrombin time is 10 seconds and the ISI of thrombo-
plastin 1.0) had a prothrombin time of 15 seconds, that same
patient at the Boston center (where the control is 12 seconds

FIG. 3. Survival of 71 indepen-
dent TIPS patients from the Nether-
lands who were stratified according
to their risk score into two risk
groups, namely a high risk group
with a median survival less than 3
months (R ! 1.8) and a low risk
group with a median predicted sur-
vival more than 3 months (R " 1.8).
Actual (Kaplan-Meier) and expected
survival using the Mayo model were
compared using the one sample log
rank test. For the low- and high-risk
patients, the observed and expected
survival were similar (P # .88 and
P # .41, respectively).

TABLE 6. Predicting Three-Month Mortality Post-TIPS

Predicted
3-Month Mortality* 0%-20% 20%-40% 40%-60% 60%-80% 80%-100%

Number of patients 90 42 13 18 16
Number of deaths 8 13 9 11 15
Observed mortality 9% 31% 69% 61% 93%

*Predicted mortality based on logistic regression model as presented in
Fig. 3.

HEPATOLOGY Vol. 31, No. 4, 2000 MALINCHOC ET AL. 869
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Fig. 2. Calibration of the FIPS. (A) Observed vs. predicted 3-month survival rate in the training set. (B) Observed vs. predicted 3-months survival rate in the
validation set. (C) Observed vs. predicted 6-months survival rate in the training set. (D) Observed vs. predicted 6-months survival rate in the validation set. (E)
Calibration plot showing the observed (solid line) vs. predicted (dashed line) overall survival in the training set. (F) Calibration plot showing the observed (solid
line) vs. predicted (dashed line) overall survival in the validation set. FIPS, Freiburg index of post-TIPS survival; TIPS, transjugular intrahepatic portosystemic
shunt.

Table 4. Summary of the predictive performance of the FIPS score according to different indications for TIPS implantation.

c index [95% CI] Patients with refractory ascites and/or
secondary prophylaxis

of variceal bleeding

Refractory
ascites

Secondary prophylaxis
of variceal bleeding

Early TIPS in patients
with variceal bleeding#

Training set
3-months survival 0.741 [0.705–0.777] 0.691 [0.603–0.779] 0.740 [0.656–0.823] –

6-months survival 0.716 [0.685–0.747] 0.705 [0.656–0.755] 0.739 [0.668–0.810] –

Validation set
3-months survival 0.723 [0.660–0.781] 0.786 [0.706–0.866] 0.779 [0.656–0.902] 0.576 [0.462-0.691]
6-months survival 0.713 [0.657–0.770] 0.753 [0.677–0.829] 0.756 [0.628–0.884] 0.574 [0.462-0.639]

#These patients were derived from 2 previously published cohorts of patients.12,13

Journal of Hepatology 2021 vol. 74 j 1362–1372 1367

https://jscalc.io/calc/Jfucjdw1Y6pN5I8B
D Bettinger et al Journal of Hepatology 2021.
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TIPS - Timing
w Retrospective study of TIPS for Refractory Ascites (n=128)
w LVP Frequency prior to TIPS predicted post-TIPS ascites
w Controlled ascites vs persistent ascites: 2.2 vs 3.6 / month 

prior to TIPS
w Controlled ascites after TIPS predict post-TIPS survival

F Pecha et al JHEP Reports, 2019.

frequency and creatinine levels are associated with superior
ascites control and that TIPS-non-responsewith persistent ascites
predicts impaired transplant-free survival.

As patients were selected according to widely accepted
recommendations, the patient cohort presented in this study is
rather homogeneous and baseline characteristics including
MELD and Child-Pugh scores and pre- and post-TIPS ultrasound,
laboratory and PSPG values are comparable to the published lit-
erature.6,8,14,15,19,20 All TIPS-placements were technically success-
ful with an adequate decrease in portal pressure, leading to
ascites control in 74% and persistent ascites with the ongoing
need for paracentesis >3 months after TIPS in 26% of patients,
which is also in line with previous reports.17

Onmultivariable analysis, paracentesis frequency pre-TIPS, base-
line creatinine and the absolute decrease of PSPG (ΔPSPG) were

independent predictors of persistent ascites post-TIPS. However,
the clinical importance of the difference in ΔPSPG is questionable,
as it only amounted to approximately 1.5 mmHg with a lower
limit of the odds ratio close to 1. To our surprise, the post-TIPS
PSPG was not associated with ascites control in our cohort, even
though some patients presented with post-TIPS PSPG values >12
mmHg which is not considered optimal. In this context, the timing
of the PSPG measurement immediately after TIPS-creation could
have influenced our results, as values change over time.21 Further-
more, recent studies22,23 have reported a passive dilatation of the
TIPS-stent after its placement,whichmight also contribute to further
changes in PSPG values. Therefore, defining an optimal PSPG cut-off
for patients with refractory ascites remains a matter of debate,24

especially in light of the potentially deleterious effect of overly
aggressive pressure reduction.25

Similar to our results, several other studies have reported that
higher creatinine values at baseline are associated with an unfavor-
able outcome after TIPS for refractory ascites.6,19,26 However, guiding
therapeutic decisions based on creatinine values alone is difficult, as a
TIPS itself improves renal function,15 as also seen in our cohort, so
that renal insufficiency/hepatorenal syndrome (HRS) can be consid-
ered an indication for TIPS itself.27 Importantly, the rate and type of
HRS was similar between groups in our cohort, which otherwise
would have been an important confounder, as the type of HRS has
also been shown to have an impact on post-TIPS survival.28,29

Besides lower creatinine values, a lower pre-TIPS paracentesis
frequency was also identified as an independent predictor of
ascites control post-TIPS. Taking these 2 findings together, our
data support the idea that a TIPS should be inserted “early” in
ascitic decompensation and not be reserved for patients with an
extremely high paracentesis frequency.30 Even though there are
a multitude of reasons for renal impairment in liver cirrhosis,
long-term diuretic therapy with a consecutive increase in creati-
nine values is a key contributor. Therefore, an “early” TIPS in
refractory ascites may help to break the vicious circle of attempting
to increase diuretics to mobilize ascites, causing further renal
impairment which in turn makes pharmaceutical control of ascites
impossible. This approach is also supported by the latest
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Fig. 1. Adjusted survival curvesbasedon themultivariable Cox regression for the
composite endpoint comparing the groups “ascites control” vs. “persistent
ascites”. Adjustment was carried out for mean PSPG post-TIPS, mean MELD and
mean CLIF-C AD scores.CLIF-C AD score, chronic liver failure consortium – acute
decompensation score; MELD, model for end-stage liver disease; PSPG,
portosystemicpressure gradient; TIPS, transjugular intrahepatic portosystemic shunt.

Table 5. Multivariable Cox regression and Fine and Grey competing risk regression to identify variables associated with the endpoints liver transplantation
and death

95% CI

Parameter Hazard ratio Lower Upper p value

Multivariable Cox regression

Baseline creatinine 0.716 0.390 1.315 0.281

Baseline MELD score 1.113 0.992 1.250 0.069

Baseline CLIF-C AD score 1.043 0.992 1.096 0.098

PSPG post-TIPS 0.952 0.854 1.062 0.382

Persistent ascites after TIPS 5.654 3.019 10.59 <0.001

Fine and Grey competing risk regression – endpoint death

Baseline creatinine 0.757 0.410 1.398 0.37

Baseline MELD score 1.075 0.945 1.223 0.27

Baseline CLIF-C AD score 1.058 1.001 1.12 0.047

PSPG post-TIPS 1.014 0.901 1.142 0.82

Persistent ascites after TIPS 2.426 1.208 4.871 0.013

In the multivariable Cox regression, persistent ascites was the only parameter predictive of the composite endpoint liver transplantation/death. In the competing risk analysis,
baseline CLIF-AD scores showed an additional predictive value for death in this cohort.
CLIF-C AD score, chronic liver failure consortium – acute decompensation score; MELD, model for end-stage liver disease; PSPG, portosystemic pressure gradient; TIPS, transju-
gular intrahepatic portosystemic shunt.

Research Article

JHEP Reports 2019 vol. 1 | 90–98 96
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TIPS – smaller diameter
w Most common concern & AE is post-TIPS encephalopathy
w Prospective, non-randomized study at 2 centers in Italy
w 3 groups: Standard - 8mm, Under-dilated - 6-7mm &  6mm
w MV model: HE pre-TIPS, >6mm diameter, post TIPS <10mm Hg,
 older age, female
w BD ARCH study ongoing for 6mm stent

F Schepis et al CGH, 2018.

in the subgroup of patients (n ¼ 24) with characteristics
similar to those of patients enrolled in the study by
Bureau et al5 (ie, ascites as an indication, pre-TIPS MELD
score below or equal to 12, no history of pre-TIPS PSE,
and post-TPS PCG <12 mm Hg).

Imaging Study

A total of 226 CT scans were evaluated in this part of
the study (Figure 1B). The mean time between PTFE-SG
placement and CT scan was 252 days (median, 286;
range, 1–1440 days). Supplementary Figure 2 shows
average maximal diameter (ie, the largest cross-sectional
inner diameter) at each of the 4 sites. PVW and HVW had

the smallest diameter in underdilated PTFE-SGs, indi-
cating that these are the hemodynamically relevant sites
along the TIPS (data not shown). Therefore, diameters at
these 2 sites were used to analyze stability of TIPS
diameter over time in individual patients (Figure 3) and
to create the groups at risk of PSE (Figure 2C and D).

Of the 8-mm PTFE-SG placed, none but one of those
dilated to 6 or 7mmself-expanded and none of those dilated
to nominal diameter (8 mm)maintained this diameter (they
were all under 7.5 mm at follow-up) (Figure 3A–C).

Of the 10 mm PTFE-SG placed, 74% of those balloons
dilated to 6 mm underwent self-expansion to 7 (67%) or
8 mm (7%) but none to nominal diameter (Figure 3A). Of
those dilated to 7 mm, self-expansion occurred in 32%

Figure 2. Cumulative probability of remaining free of LVP (A and C) and PSE (B and D) in the clinical study and imaging study
groups, respectively. A and C include patients with RA; B and D include all patients. (A) No significant differences between
paired groups were observed. (B) Six and 7 mm (TG) versus "8 mm (CG), P ¼ .015; 6 mm (TG) versus "8 mm (CG), P ¼ .011; 6
mm (VG) versus "8 mm (CG), P ¼ .002. The remaining comparisons were not significant. No difference in the comparisons of
CG versus underdilated groups was observed after removing the 7 patients dilated to 8 mm for technical reasons or for refusal
of underdilated TIPS. (C and D) Patients in the 6 mm group had a PTFE-SG diameter of 6 # 0.5 mm at PVW and/or HVW as
measured on CT images obtained within 1 year after TIPS placement.

July 2018 Small TIPS Reduces Encephalopathy 1159



30

TIPS – Rifaximin prevents Encephalopathy

C Bureau et al Annals of Internal Medicine 2021.

of 99 patients [55%], respectively; P = 0.47). Among the
adverse events of interest, at least 1 episode of infection
occurred in 37 of 93 patients (40% [CI, 30% to 50%]) in
the rifamixin group and 38 of 93 (41% [CI, 31% to 51%])
in the placebo group (P= 0.88), and at least 1 episode of
heart failure occurred in 13 of 93 (14% [CI, 7% to 21%]) and
16 of 93 (17% [CI, 10% to 25%]), respectively (P= 0.54).

DISCUSSION

This double-blind, placebo-controlled, randomized,
multicenter trial showed that rifaximin reduced the inci-
dence of post-TIPS overt HE compared with placebo.

The main drawback of TIPS is still HE, which is
reported in 30% to 50% of patients within 6 months after
TIPS (7, 8). This complication has been treated success-
fully with lactulose, rifaximin, or both (12, 15). However,
so far no treatment has been found to be effective for
preventing HE; therefore, no prophylactic therapy is rec-
ommended currently (9). Nevertheless, a preventive
treatment would be useful, because HE is associated
with increased mortality (7); greatly alters the quality of
life of patients and their families (15); and requires costly
hospitalizations (16), which carry a high risk for nosoco-
mial complications in these vulnerable patients.

Two previously published randomized trials, 1 in
patients with decompensated cirrhosis (17) and the other
in patients treated with TIPS (10), failed to find any effi-
cacy for rifaximin in preventing overt HE. These negative

results might be explained on several grounds. First,
both studies included only 75 patients in total, so the risk
for a b -type error was substantial. Rifaximin was pre-
scribed immediately after the shunt procedure in the
study by Riggio and colleagues (10), although it might
be hypothesized that regardless of mode of action, sev-
eral days of treatment might be needed before the drug
is fully effective. Accordingly, treatment was initiated 2
weeks before TIPS in the present trial. Finally, in the study
by Riggio and colleagues, patients were followed for
only 1 month. In our study, the cumulative incidence
curves for overt HE (Figure 2) show that rifaximin's supe-
riority over placebo was observed mainly after 1 month.

Table 2. Characteristics of the First Episode of Overt HE,
According to Treatment Group, in 81 Patients Who Had
Overt HE During the 168 Days

Characteristics Rifaximin
Group
(n = 32)

Placebo
Group
(n = 49)

Grade, according to West Haven criteria,
n (%)

2 25 (78) 34 (69)
3 5 (16) 12 (25)
4 2 (6) 3 (6)

Median duration of first episode (IQR), d 4 (2–8) 4 (2–7)
Precipitating factors, n (%)* 11 (34) 14 (29)

HE = hepatic encephalopathy; IQR = interquartile range.
* Described in Appendix Table 1 (available at Annals.org).

Figure 2.Cumulative incidence of post-TIPS overt HE at 168 days, according to treatment group.

Group Events/Total,
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(95% CI), d*
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Refractory ascites – Continuous Terlipressin
w Victorian Liver Transplant Unit in Melbourne, Australia
w Pioneered continuous terlipressin infusion (CTI) for LT waitlist
w 30 patients – Crossover, CTI 12 weeks, SOC 12 weeks
w 4mg Terlipressin delivered over 24 hrs via PICC

R Terbah at al Hepatology, 2024.

Hospitalization

There was no significant difference in the number (p =
0.51) or duration (p = 0.92) of admissions between CTI
and observation. Nineteen participants were hospitalized
during CTI with a median of 2 (IQR: 1, 3) admissions
comprising a total of 7 (IQR: 3.5, 12.5) days. Fifteen
participants were hospitalized during observation, with a
median of 2 (IQR: 1, 2.3) admissions, comprising a total of
5 (IQR: 3, 17.5) days. Reasons for admission differed
between groups (Table 3), with numerically fewer
hospitalization events for HRS, fluid overload, variceal
hemorrhage, and HE on CTI as compared to observation.
One patient who developed HRS during CTI was
diagnosed on day 1 of the study on admission to start
CTI and responded to CTI treatment. Five patients on CTI
required a total of 8 admissions for miscellaneous reasons,
including anemia, severe esophagitis, and nonportal
hypertensive bleeding attributed to angioectasia. One
patient required admission for symptomatic anemia
during observation with no cause found.

Death and liver transplantation

Two participants were transplanted during the study
(both on CTI) and 4 participants died due to progression
of their underlying liver disease (3 during observation
and 1 on CTI).

Safety

One participant developed non-ST elevation myocardial
infarction in week 12 of CTI, 2 days prior to the scheduled
end of the study. The independent safety committee
deemed coronary vasospasm due to terlipressin unlikely
given the timing, but the participant was not rechallenged
with terlipressin given they were near completion. The
patient had undergone large-volume paracentesis the day
prior and was found to have SBP with bacteremia, which
was the likely trigger for the non-ST elevation myocardial
infarction. A second participant experienced an episode of
atrial flutter in week 12 of CTI that promptly reverted to

Mean adjusted difference (95% CI)

Median change at week 12 (IQR)

HGS (kg)

Paracentesis number

Terlipressin Observation

Total paracentesis 
volume (L)

HGS (kg)

Paracentesis number

Total paracentesis 
volume (L)

-20

-30 -20

-10

-10

0

0

10

10

3.09 (1.11 — 5.08), p = 0.006

-1.75 (-2.59 — -0.925), p < 0.001

-11.36 (-19.85 — -2.99), p < 0.001

(A)

(B)

F IGURE 2 Change in HGS, paracentesis number, and total volume at week 12. (A) Mean adjusted difference between terlipressin and
observation periods (intention-to-treat analysis) at week 12. (B) Median changes in nondominant HGS, paracentesis number, and total volume
drained at week 12 for study completers (per-protocol analysis). Abbreviation: HGS, handgrip strength.
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Refractory Ascites and not TIPS candidate
Peritoneovenous Shunt
w Denver or LeVeen shunt
w More commonly used prior to 

advent of TIPS (1970s)
w Poor long-term patency
w Improves quality of life
w Decreases hospital visits

M Bahktiar et al, JVIR 2021
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Refractory Ascites and not TIPS candidate
Automated Low-Flow Pump – Alfa Pump
w Approved for use in EU in 2013; FDA approved in December 2024
w May need serial albumin infusion if large weekly volumes

P Bellot et al Journal of Hepatology, 2013.
F Wong et al Liver Transplantation, 2020.

Two patients developed pump pocket infections refractory to
antibiotic therapy. In one patient, the ALFApump system was
explanted on day 74 after having removed 51 L of AF. The patient
subsequently received a liver transplant. The other patient expe-
rienced discomfort and pain due to the infection and a diagnosis
of erysipelas (streptococcus infection of the epidermis) was
made. The ALFApump system was explanted on day 42 after
removing 35 L of AF and the patient fully recovered. One patient
developed a subcutaneous tunnel infection around the bladder
catheter that was visible after development of a wound dehis-
cence. The culture from tissue surrounding the bladder catheter
was positive for a meticillin resistant Staphyloccus aureus. The
ALFApump system was explanted on day 74. In order to assess
if diabetes might have influenced the development of infections,
a specific analysis was performed: no statistically significant dif-
ference between diabetic and non-diabetic subjects in the inci-
dence of infections after implantation of the ALFApump system
was observed (Fisher’s exact test, 2-sided: p = 1.000). Also, no sta-
tistically significant difference was observed in the number of
infections observed during the 6-month follow-up in subjects
with or without diabetes mellitus (t-test, 2-sided: p = 0.442).
Both groups were observed for a comparable time period (t-test,
2-sided: p = 0.940).

Cirrhosis-related adverse events

The cirrhosis-related SAEs reported during the study are listed in
Table 3, both as a whole, and then subdivided into Cohorts I and
II. Seventeen episodes of HE developed in 13 patients (32.5%).
Usual therapy resolved all episodes. Thirteen episodes of renal
dysfunction were observed in 11 patients (27.5%); in 4 of these
patients there had been inappropriate use of NSAIDs. All the epi-
sodes were reversible with therapy with the exception of one
patient who died of acute renal failure on day 54 and one patient
that died of HRS on day 147. Thirteen patients (32.5%) developed
16 episodes of SBP. In 3 cases, AF culture yielded the presence of
Streptococcus bovis, Escherichia coli and Enterococcus faecium, one
each. All patients fully recovered following usual antibiotic ther-
apy. This unusually high number of episodes was probably asso-
ciated with the fact that Nflx prophylaxis was not applied to all
cases. One of the cases was followed by sclerosing peritonitis
and the pump was explanted. This patient was subsequently
transplanted. There were 6 UTIs reported in 3 patients (7.5%).

The number of cirrhosis-related SAEs markedly decreased in
the second part of the study following implementation of a series
of recommendations by the DSMB, including modification of the
bladder catheter implant procedure, the use of norfloxacin antibi-
otic prophylaxis, the avoidance of NSAIDs and the use of albumin
when LVP were performed pre- or perioperatively. In spite of the
decrease in the incidence of complications, differences between
SAEs observed in Cohorts I and II did not always reach signifi-
cance, probably due to the reduced number of events and
patients studied.

Requirement for paracentesis

In total, the 40 implanted ALFApump systems removed 4630 L of
AF over 4659 patient days, a mean of 0.99 L per patient per day.
The median number of paracentesis performed in the month pre-
ceding ALFApump implant was 3.4 (range 1–6) which dropped to
0.24 (range 0–5) per month after implant (p <0.01), 40% of the
patients had no paracentesis after receiving their pump. Overall,
there was a 90% reduction in the volume of AF removed by par-
acentesis (Fig. 2). The requirement of LVPs was significantly
lower in patients from Cohort II, due to the reduced number of
technical problems detected in comparison with Cohort I (2 LVPs
in 2 out of 19 patients vs. 30 LVPs in 9 out of 21 patients, p = 0.034
(Fischer’s exact two tailed test).

Effects of the ALFApump system on liver, renal and basic
hemodynamics

Table 4 shows liver, hemodynamic and renal variables along the
study period. No significant changes were observed in mean arte-
rial pressure (MAP), MELD, Child-Pugh score, bilirubin, sodium or
creatinine. The INR and serum albumin levels were significantly
lower at 6 months when compared to baseline measures, (p
<0.05) and (p <0.01) respectively.

Early terminations

Thirteen ALFApump systems were explanted due to difficult-to-
manage infections (n = 7), withdrawn consent following bladder
or peritoneal catheter dislodgment issues (n = 3), withdrawal of
patient consent (n = 2) and one case of emergency removal due
to wound dehiscence. Eight patients died during the study (mean
implant duration 116 days) due to sepsis (n = 3), progressive liver

Fig. 1. ALFApump system placement. (This figure appears in color on the web.)
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Two patients developed pump pocket infections refractory to
antibiotic therapy. In one patient, the ALFApump system was
explanted on day 74 after having removed 51 L of AF. The patient
subsequently received a liver transplant. The other patient expe-
rienced discomfort and pain due to the infection and a diagnosis
of erysipelas (streptococcus infection of the epidermis) was
made. The ALFApump system was explanted on day 42 after
removing 35 L of AF and the patient fully recovered. One patient
developed a subcutaneous tunnel infection around the bladder
catheter that was visible after development of a wound dehis-
cence. The culture from tissue surrounding the bladder catheter
was positive for a meticillin resistant Staphyloccus aureus. The
ALFApump system was explanted on day 74. In order to assess
if diabetes might have influenced the development of infections,
a specific analysis was performed: no statistically significant dif-
ference between diabetic and non-diabetic subjects in the inci-
dence of infections after implantation of the ALFApump system
was observed (Fisher’s exact test, 2-sided: p = 1.000). Also, no sta-
tistically significant difference was observed in the number of
infections observed during the 6-month follow-up in subjects
with or without diabetes mellitus (t-test, 2-sided: p = 0.442).
Both groups were observed for a comparable time period (t-test,
2-sided: p = 0.940).

Cirrhosis-related adverse events

The cirrhosis-related SAEs reported during the study are listed in
Table 3, both as a whole, and then subdivided into Cohorts I and
II. Seventeen episodes of HE developed in 13 patients (32.5%).
Usual therapy resolved all episodes. Thirteen episodes of renal
dysfunction were observed in 11 patients (27.5%); in 4 of these
patients there had been inappropriate use of NSAIDs. All the epi-
sodes were reversible with therapy with the exception of one
patient who died of acute renal failure on day 54 and one patient
that died of HRS on day 147. Thirteen patients (32.5%) developed
16 episodes of SBP. In 3 cases, AF culture yielded the presence of
Streptococcus bovis, Escherichia coli and Enterococcus faecium, one
each. All patients fully recovered following usual antibiotic ther-
apy. This unusually high number of episodes was probably asso-
ciated with the fact that Nflx prophylaxis was not applied to all
cases. One of the cases was followed by sclerosing peritonitis
and the pump was explanted. This patient was subsequently
transplanted. There were 6 UTIs reported in 3 patients (7.5%).

The number of cirrhosis-related SAEs markedly decreased in
the second part of the study following implementation of a series
of recommendations by the DSMB, including modification of the
bladder catheter implant procedure, the use of norfloxacin antibi-
otic prophylaxis, the avoidance of NSAIDs and the use of albumin
when LVP were performed pre- or perioperatively. In spite of the
decrease in the incidence of complications, differences between
SAEs observed in Cohorts I and II did not always reach signifi-
cance, probably due to the reduced number of events and
patients studied.

Requirement for paracentesis

In total, the 40 implanted ALFApump systems removed 4630 L of
AF over 4659 patient days, a mean of 0.99 L per patient per day.
The median number of paracentesis performed in the month pre-
ceding ALFApump implant was 3.4 (range 1–6) which dropped to
0.24 (range 0–5) per month after implant (p <0.01), 40% of the
patients had no paracentesis after receiving their pump. Overall,
there was a 90% reduction in the volume of AF removed by par-
acentesis (Fig. 2). The requirement of LVPs was significantly
lower in patients from Cohort II, due to the reduced number of
technical problems detected in comparison with Cohort I (2 LVPs
in 2 out of 19 patients vs. 30 LVPs in 9 out of 21 patients, p = 0.034
(Fischer’s exact two tailed test).

Effects of the ALFApump system on liver, renal and basic
hemodynamics

Table 4 shows liver, hemodynamic and renal variables along the
study period. No significant changes were observed in mean arte-
rial pressure (MAP), MELD, Child-Pugh score, bilirubin, sodium or
creatinine. The INR and serum albumin levels were significantly
lower at 6 months when compared to baseline measures, (p
<0.05) and (p <0.01) respectively.

Early terminations

Thirteen ALFApump systems were explanted due to difficult-to-
manage infections (n = 7), withdrawn consent following bladder
or peritoneal catheter dislodgment issues (n = 3), withdrawal of
patient consent (n = 2) and one case of emergency removal due
to wound dehiscence. Eight patients died during the study (mean
implant duration 116 days) due to sepsis (n = 3), progressive liver

Fig. 1. ALFApump system placement. (This figure appears in color on the web.)
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Peritonitis

>250 PMNs mm3 in   ascitic fluid = SBP
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Peritonitis
w 3rd generation cephalosporin is SOC for SBP
w Severely ill may benefit from carbapenem as first-line
w If SBP develops while in hospital (nosocomial), start with 

daptomycin + meropenem

SW Kim et al CGH, 2021.
S Piano et al Hepatology, 2016.

PANCREAS, BILIARY TRACT, AND LIVER

Empirical Treatment With Carbapenem vs Third-generation
Cephalosporin for Treatment of Spontaneous Bacterial
Peritonitis
Sun Woong Kim,*,‡,a Jun Sik Yoon,§,a Junyong Park,k,a Yong Jin Jung,¶,a

Jae Seung Lee,k Jisoo Song,¶ Han Ah Lee,# Yeon Seok Seo,# Minjong Lee,**
Jin Myung Park,** Dae Hee Choi,** Moon Young Kim,‡‡ Seong Hee Kang,‡‡

Jin Mo Yang,§§ Do Seon Song,§§ Sung Won Chung,* Minseok Albert Kim,*
Hee Joon Jang,* Hyunwoo Oh,* Cheol-Hyung Lee,* Yun Bin Lee,* Eun Ju Cho,*
Su Jong Yu,* Yoon Jun Kim,* Jung-Hwan Yoon,* and Jeong-Hoon Lee*

*Department of Internal Medicine and Liver Research Institute, Seoul National University College of Medicine, Seoul, Korea;
‡Department of Internal Medicine, CHA Gangnam Medical Center, CHA University School of Medicine, Seoul, Korea;
§Department of Internal Medicine, Busan Paik Hospital, Inje University College of Medicine, Busan, Korea; kDepartment of
Internal Medicine, Yonsei University College of Medicine, Seoul, Korea; ¶Department of Gastroenterology, Seoul Metropolitan
Government-Seoul National University Boramae Medical Center, Seoul, Korea; #Department of Internal Medicine, Korea
University College of Medicine, Seoul, Korea; **Department of Internal Medicine, Kangwon National University Hospital,
Chuncheon, Korea; ‡‡Wonju Severance Christian Hospital, Yonsei University Wonju College of Medicine, Wonju, Korea; and
§§Department of Internal Medicine, St Vincent’s Hospital, Catholic University of Korea, Suwon, Korea

BACKGROUND & AIMS: Third-generation cephalosporins (TGCs) are recommended as first-line antibiotics for treat-
ment of spontaneous bacterial peritonitis (SBP). However, antibiotics against multidrug-
resistant organisms (such as carbapenems) might be necessary. We aimed to evaluate
whether carbapenems are superior to TGC for treatment of SBP.

aAuthors share co-first authorship.

Abbreviations used in this paper: aHR, adjusted hazard ratio; aOR,
adjusted odds ratio; CI, confidence interval; CLIF-SOFA, Chronic Liver
Failure-Sequential Organ Failure Assessment; ERCP, endoscopic retro-
grade cholangiopancreatography; IPTW, inverse probability of treatment
weighting; MDRO, multidrug-resistant organism; MELD, Model for End-
Stage Liver Disease; MRSA, methicillin-resistant Staphylococcus aureus;

OR, odds ratio; OS, overall survival; SBP, spontaneous bacterial perito-
nitis; TGC, third-generation cephalosporin.

Most current article

© 2021 by the AGA Institute
1542-3565/$36.00

https://doi.org/10.1016/j.cgh.2020.06.046

Clinical Gastroenterology and Hepatology 2021;19:976–986

PANCREAS, BILIARY TRACT, AND LIVER

Empirical Treatment With Carbapenem vs Third-generation
Cephalosporin for Treatment of Spontaneous Bacterial
Peritonitis
Sun Woong Kim,*,‡,a Jun Sik Yoon,§,a Junyong Park,k,a Yong Jin Jung,¶,a

Jae Seung Lee,k Jisoo Song,¶ Han Ah Lee,# Yeon Seok Seo,# Minjong Lee,**
Jin Myung Park,** Dae Hee Choi,** Moon Young Kim,‡‡ Seong Hee Kang,‡‡

Jin Mo Yang,§§ Do Seon Song,§§ Sung Won Chung,* Minseok Albert Kim,*
Hee Joon Jang,* Hyunwoo Oh,* Cheol-Hyung Lee,* Yun Bin Lee,* Eun Ju Cho,*
Su Jong Yu,* Yoon Jun Kim,* Jung-Hwan Yoon,* and Jeong-Hoon Lee*

*Department of Internal Medicine and Liver Research Institute, Seoul National University College of Medicine, Seoul, Korea;
‡Department of Internal Medicine, CHA Gangnam Medical Center, CHA University School of Medicine, Seoul, Korea;
§Department of Internal Medicine, Busan Paik Hospital, Inje University College of Medicine, Busan, Korea; kDepartment of
Internal Medicine, Yonsei University College of Medicine, Seoul, Korea; ¶Department of Gastroenterology, Seoul Metropolitan
Government-Seoul National University Boramae Medical Center, Seoul, Korea; #Department of Internal Medicine, Korea
University College of Medicine, Seoul, Korea; **Department of Internal Medicine, Kangwon National University Hospital,
Chuncheon, Korea; ‡‡Wonju Severance Christian Hospital, Yonsei University Wonju College of Medicine, Wonju, Korea; and
§§Department of Internal Medicine, St Vincent’s Hospital, Catholic University of Korea, Suwon, Korea

BACKGROUND & AIMS: Third-generation cephalosporins (TGCs) are recommended as first-line antibiotics for treat-
ment of spontaneous bacterial peritonitis (SBP). However, antibiotics against multidrug-
resistant organisms (such as carbapenems) might be necessary. We aimed to evaluate
whether carbapenems are superior to TGC for treatment of SBP.

aAuthors share co-first authorship.

Abbreviations used in this paper: aHR, adjusted hazard ratio; aOR,
adjusted odds ratio; CI, confidence interval; CLIF-SOFA, Chronic Liver
Failure-Sequential Organ Failure Assessment; ERCP, endoscopic retro-
grade cholangiopancreatography; IPTW, inverse probability of treatment
weighting; MDRO, multidrug-resistant organism; MELD, Model for End-
Stage Liver Disease; MRSA, methicillin-resistant Staphylococcus aureus;

OR, odds ratio; OS, overall survival; SBP, spontaneous bacterial perito-
nitis; TGC, third-generation cephalosporin.

Most current article

© 2021 by the AGA Institute
1542-3565/$36.00

https://doi.org/10.1016/j.cgh.2020.06.046

Clinical Gastroenterology and Hepatology 2021;19:976–986



36

SBP Prophylaxis
w 2º prophylaxis prevents recurrent 

infection.
w 1º prophylaxis – more questions

• Who?
– Ascites Total protein <1.5g/dL + one 

of the following: Cr>1.2, BUN>25, 
Na<130, CTP9 + Tbili>3

• With what?
– Ciprofloxacin, TMP/SMX

• How long?
– Until LT, death, or ascites resolution

• Pros/Cons
– Possibly improved morbidity/mortality
– Increased MDRO

• ASEPTIC trial (NCT04395365)

M Kaltenbach, Why? Series, 2021.
BD Badal et al Hepatology, 2023.

All statistical analyses were performed using RStudio
Version 4.1.2.

Analysis of antibiogram

Given the descriptive nature of the antibiograms, we
only reported the rate of resistance to fluoroquinolones
and TMP-SMX across the sites.

RESULTS

Corporate data warehouse analysis

SBP prophylaxis versus no prophylaxis

During the time period in consideration, 7559 patients were
admitted with their first SBP episode. In this cohort, 1367
(18.1%) patients were receiving SBP prophylaxis with
either fluoroquinolones or TMP-SMX. SBPPr patients were
significantly older, although the actual difference was small
(62.7 vs 62.1 y, p=0.02), and had significantly higher
proportions of outpatient prescription use in all collected
preadmission medications, including propranolol, nadolol,
PPI, lactulose, rifaximin, and statins but not carvedilol
(Table 1). There were no significant differences in
Charlson Comorbidity Index and MELD-Na score. The
percentage of patients on SBPPr in the Northeastern
region was not different when compared with the other US
regions. Patients taking SBPPr had significantly longer
LOS (p<0.0001), higher prevalence of viral cirrhosis
(p=0.004) and cirrhosis from “other” sources (p=0.03),
higher rates of liver transplant within 30 days after
discharge (p=0.02), and were more likely to have a
second episode of SBP after discharge (p=0.02). Other
adverse outcomes, including intensive care unit transfer
rate, in-hospital liver transplant rate, in-hospital mortality,
and 30-day mortality rates, were not significantly different
between the groups.

Culture-positive versus culture-negative

Among the patients who developed their first episode of
SBP, 1081 patients (14.3%) had peritoneal culture-
positive ascites. Cirrhosis due to alcohol use in culture-
positive patients was significantly more common than in
those who were culture-negative (42.1% vs 38.8%,
p= 0.04). There were no significant differences in age,
sex, MELD-Na scores, serum albumin, or Charlson

TABLE 1 Comparison between patients on primary prophylaxis
versus those who did not develop their first SBP episode using the
CDW analysis

On primary
prophylaxis
(n=1367), n

(%)

Not on
primary

prophylaxis
(n= 6192), n

(%) p

Age 62.1±8.6 62.7± 9.0 0.02

Sex (M) 1300 (97.1) 5894 (97.7) 0.26

MELD-Na on
admission

15.8±8.9 15.9± 9.0 0.80

Serum albumin 2.5±0.7 2.5±1.2 0.50

CCI 5.7±2.9 5.7±2.8 0.46

Etiology of
cirrhosis
(alcohol, HCV,
HBV, NASH,
other)

Viral—492
(36.0)

Alcohol—515
(37.7)

Other—360
(26.3)

Viral—1923
(31.1)

Alcohol—2455
(39.6)

Other—1814
(29.3)

Viral—
0.0004

Alcohol—
0.18

Other—
0.03

Northeast region 242 (17.7) 1180 (19.1) 0.25

Admission meds

Rifaximin 210 (14.7) 393 (6.3) < 0.0001

Lactulose 444 (32.5) 1086 (17.5) < 0.0001

Propranolol 241 (17.6) 562 (9.1) < 0.0001

Nadolol 28 (2.0) 77 (1.2) 0.02

Carvedilol 44 (3.2) 173 (2.8) 0.42

Statins 136 (9.9) 472 (7.6) 0.004

PPI 549 (40.2) 1425 (23.0) < 0.0001

Culture
positive

220 (16.1) 861 (13.9) 0.04

Organism isolated (first SBP)

Fungus 5 (< 1) 1 (<1) —

Gram positive 104 (47.3) 378 (43.9) 0.37

Gram negative 115 (52.3) 478 (55.5) 0.39

Fluoroquino-
lone resistance

56 (25.5) 113 (13.1) < 0.0001

TMP-SMX
resistance

49 (22.3) 101 (11.7) < 0.0001

Outcomes

LOS (d) 13.6±9.0 11.8± 8.4 < 0.0001

ICU transfer 276 (20.1) 1183 (19.1) 0.36

Death (during
hospitalization
or sent to
hospice)

240 (17.6) 1201 (19.4) 0.12

Death in 30 d
after discharge

509 (37.2) 2283 (36.9) 0.80

LT during
hospitalization

15 (1.1) 38 (0.6) 0.05

LT within 30 d
after discharge

21 (1.5) 52 (0.8) 0.02

Second SBP 12 (0.9) 25 (0.4) 0.02

Abbreviations: CCI, Charlson Comorbidity Index; CDW, corporate data ware-
house; ICU, intensive care unit; LT, liver transplant; LOS, length of stay;MELD,
Model for End-stage Liver Disease; PPI, proton pump inhibitors; SBP, sponta-
neous bacterial peritonitis; TMP-SMX, trimethoprim-sulfamethoxazole.
All values in bold font are significant with p< 0.05.
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All statistical analyses were performed using RStudio
Version 4.1.2.

Analysis of antibiogram

Given the descriptive nature of the antibiograms, we
only reported the rate of resistance to fluoroquinolones
and TMP-SMX across the sites.

RESULTS

Corporate data warehouse analysis

SBP prophylaxis versus no prophylaxis

During the time period in consideration, 7559 patients were
admitted with their first SBP episode. In this cohort, 1367
(18.1%) patients were receiving SBP prophylaxis with
either fluoroquinolones or TMP-SMX. SBPPr patients were
significantly older, although the actual difference was small
(62.7 vs 62.1 y, p=0.02), and had significantly higher
proportions of outpatient prescription use in all collected
preadmission medications, including propranolol, nadolol,
PPI, lactulose, rifaximin, and statins but not carvedilol
(Table 1). There were no significant differences in
Charlson Comorbidity Index and MELD-Na score. The
percentage of patients on SBPPr in the Northeastern
region was not different when compared with the other US
regions. Patients taking SBPPr had significantly longer
LOS (p<0.0001), higher prevalence of viral cirrhosis
(p=0.004) and cirrhosis from “other” sources (p=0.03),
higher rates of liver transplant within 30 days after
discharge (p=0.02), and were more likely to have a
second episode of SBP after discharge (p=0.02). Other
adverse outcomes, including intensive care unit transfer
rate, in-hospital liver transplant rate, in-hospital mortality,
and 30-day mortality rates, were not significantly different
between the groups.

Culture-positive versus culture-negative

Among the patients who developed their first episode of
SBP, 1081 patients (14.3%) had peritoneal culture-
positive ascites. Cirrhosis due to alcohol use in culture-
positive patients was significantly more common than in
those who were culture-negative (42.1% vs 38.8%,
p= 0.04). There were no significant differences in age,
sex, MELD-Na scores, serum albumin, or Charlson

TABLE 1 Comparison between patients on primary prophylaxis
versus those who did not develop their first SBP episode using the
CDW analysis

On primary
prophylaxis
(n=1367), n

(%)

Not on
primary

prophylaxis
(n= 6192), n

(%) p

Age 62.1±8.6 62.7± 9.0 0.02

Sex (M) 1300 (97.1) 5894 (97.7) 0.26

MELD-Na on
admission

15.8±8.9 15.9± 9.0 0.80

Serum albumin 2.5±0.7 2.5±1.2 0.50

CCI 5.7±2.9 5.7±2.8 0.46

Etiology of
cirrhosis
(alcohol, HCV,
HBV, NASH,
other)

Viral—492
(36.0)

Alcohol—515
(37.7)

Other—360
(26.3)

Viral—1923
(31.1)

Alcohol—2455
(39.6)

Other—1814
(29.3)

Viral—
0.0004

Alcohol—
0.18

Other—
0.03

Northeast region 242 (17.7) 1180 (19.1) 0.25

Admission meds

Rifaximin 210 (14.7) 393 (6.3) < 0.0001

Lactulose 444 (32.5) 1086 (17.5) < 0.0001

Propranolol 241 (17.6) 562 (9.1) < 0.0001

Nadolol 28 (2.0) 77 (1.2) 0.02

Carvedilol 44 (3.2) 173 (2.8) 0.42

Statins 136 (9.9) 472 (7.6) 0.004

PPI 549 (40.2) 1425 (23.0) < 0.0001

Culture
positive

220 (16.1) 861 (13.9) 0.04

Organism isolated (first SBP)

Fungus 5 (< 1) 1 (<1) —

Gram positive 104 (47.3) 378 (43.9) 0.37

Gram negative 115 (52.3) 478 (55.5) 0.39

Fluoroquino-
lone resistance

56 (25.5) 113 (13.1) < 0.0001

TMP-SMX
resistance

49 (22.3) 101 (11.7) < 0.0001

Outcomes

LOS (d) 13.6±9.0 11.8± 8.4 < 0.0001

ICU transfer 276 (20.1) 1183 (19.1) 0.36

Death (during
hospitalization
or sent to
hospice)

240 (17.6) 1201 (19.4) 0.12

Death in 30 d
after discharge

509 (37.2) 2283 (36.9) 0.80

LT during
hospitalization

15 (1.1) 38 (0.6) 0.05

LT within 30 d
after discharge

21 (1.5) 52 (0.8) 0.02

Second SBP 12 (0.9) 25 (0.4) 0.02

Abbreviations: CCI, Charlson Comorbidity Index; CDW, corporate data ware-
house; ICU, intensive care unit; LT, liver transplant; LOS, length of stay;MELD,
Model for End-stage Liver Disease; PPI, proton pump inhibitors; SBP, sponta-
neous bacterial peritonitis; TMP-SMX, trimethoprim-sulfamethoxazole.
All values in bold font are significant with p< 0.05.
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Hepatic Hydrothorax
w TIPS for HHT that does not respond to diuretics
w Scoring systems, response rates, and survival are similar to 

refractory ascites

306  S.  Young  et  al.

Table  2  Procedural  data  of  transjugular  intrahepatic  postosystemic  shunt  placement.

Variable  Hepatic  hydrothorax  Ascites  P-value

Pre-procedural  PSG, (mmHg)  18.2  ±  5.9  [12—37]  17.2  ±  5.7  [10—35]  0.59
Post-procedural  PSG, (mmHg)  6.5  ±  3.1  [1—13]  7.5  ±  2.8  [0—14]  0.11
Diameter  of  TIPS, (mm)  0.75

7  0  (0%)  1  (0.9%)
8  1  (3.7%)  8  (7.5%)
10  26  (96.3%) 98  (91.6%)

Post-TIPS  dilatation, (mm) 0.47
6  0  (0%) 1  (1%)
7  0  (0%)  1  (1%)
8  12  (46.2%)  59  (61.5%)
9  0  (0%)  2  (2.1%)
10  14  (53.8%)  33  (34.4%)

Qualitative variables are expressed as mean ± standard deviation. Numbers in brackets are ranges. Categorical variables are expressed
as raw numbers. Numbers in parentheses are percentages. TIPS: transjugular intrahepatic portosystemic shunt; PSG: portosystemic
gradient.

Table  3  Outcomes  data  after  transjugular  intrahepatic  portosystemic  shunt  placement.

Hepatic  hydrothorax  cohort  (%) Ascites  cohort  (%) P-value

Ascites/pleural  fluid  at  1  month  0.33
Completely  resolved  6/31  (19.4%)  35/103  (34%)
Partially  resolved  11/31  (35.5%)  30/103  (29.1%)
No  response  14/31  (45.1%)  38/103  (36.9%)

Ascites/pleural  fluid  at  3  months  0.19
Completely  resolved  11/27  (40.8%)  58/98  (59.2%)
Partially  resolved  7/27  (25.9%)  20/98  (20.4%)
No  response  9/27  (33.3%)  20/98  (20.4%)

Ascites/pleural  fluid  at  6  months  0.28
Completely  resolved  14/28  (50%)  59/98  (59.8%)
Partially  resolved  4/28  (14.3%)  19/98  (19.6%)
No  response  10/28  (35.7%)  20/98  (20.6%)

Propensity  score  matching  analyses P-value

Ascites/pleural  fluid  at  1  month  0.71
Completely  resolved  4/24  (16.7%)  10/40  (25%)
Partially  resolved  9/24  (37.5%)  12/40  (30%)
No  response  11/24  (45.8%)  18/40  (45%)

Ascites/pleural  fluid  at  3  months  0.37
Completely  resolved  8/23  (34.8%)  19/38  (50%)
Partially  resolved  6/23  (26.1%)  10/38  (26.3%)
No  response  9/23  (39.1%)  9/38  (23.7%)

Ascites/pleural  fluid  at  6  months  0.78
Completely  resolved  10/22  (45.4%)  22/40  (55%)
Partially  resolved  4/22  (18.2%)  7/40  (17.5%)
No  response  8/22  (36.4%)  11/40  (27.5%)

(11/31  [35.5%]  HHT  vs.  30/103  [29.1%]  ascites)  with  a  cor-
responding  higher  number  of  non-responders  (14/31  [45.1%]
HHT  vs.  38/103  [36.9%]  ascites)  at  one  month,  this  was  not
significant  (P  =  0.33).  A  similar  pattern  was  seen  at  3  months
with  the  HHT  patients  showing  a complete,  partial,  and  no
response  distribution  of  11/27  (40.8%),  7/27  (25.9%),  9/27
(33.3%)  respectively.  This  showed  fewer  responses  than  the
ascites  cohort  which  demonstrated  complete,  partial  and

no  response  distribution  of  58/98  (59.2%),  20/98  (20.4%),
and  20/98  (20.4%)  respectively,  but  this  was  significant
(P  =  0.19).  At  6  months  the  number  of  non-responders  was
larger  in  the  HHT  cohort  (10/28,  35.7%)  as  compared  to  the
ascites  cohort  (20/97,  20.6%),  but  this  was  not  significant
(P  =  0.28).

A  successful  propensity  score  match  was  made  for  24
HHT  patients  to  46  ascites  patients.  When  the  propensity

S Young et al, Diagnostic and Interventional Imaging, 2019



Z – ‘Ze Hepatorenal Syndrome

scites
to A   Z



39

Hepatorenal Syndrome (HRS)
w Basic Definition

1. Cirrhosis with ascites
2. AKI that is not responsive to diuretic withdrawal, 
volume expansion, and cannot be explained by 
other diagnosis (ATN, AIN, etc)

w Terlipressin approved for use in Sept 2022
w AKI in cirrhosis and HRS-AKI require separate talk

Simonetto et al, BMJ 2020.

Old
HRS-1 - acute

HRS-2 - chronic

New
HRS-AKI – acute

HRS-AKD – acute-to-chronic
HRS-CKD - chronic
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Take Away Points
w Best treatment of ascites - prevention
w Low salt diet - Teach your patients + refer to a nutritionist
w More baths
w Eplerenone is not cost-prohibitive
w Bumetanide/Torsemide are more potent
w Place TIPS early after development of Refractory Ascites
w Tell your IR person about “small TIPS”
w Primary SBP prophylaxis is not straight-forward
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Thank you!


