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Abstract

Background and Aim: The aim of this study was to assess the impact of proton pump inhibitor (PPI) intake on the
development of spontaneous bacterial peritonitis (SBP) or other infections, as well as on mortality, in a thoroughly
documented cohort of patients with cirrhosis and ascites.

Patients and Methods: We performed a retrospective analysis of follow-up data from 607 consecutive patients with
cirrhosis undergoing their first paracentesis at a tertiary center. A binary logistic regression model investigating the
association between PPl intake and SBP at the first paracentesis was calculated. Competing risk analyses and Cox models
were used to investigate the effect of PPls on the cumulative incidence of SBP or other infections and transplant-free
survival, respectively. Adjustments were made for age, hepatocellular carcinoma, history of variceal bleeding, varices and
model of end-stage liver disease score.

Results: Eighty-six percent of patients were receiving PPIs. After adjusting for potential confounding factors, PPl intake was
neither associated with increased SBP prevalence at the first paracentesis (odds ratio (OR):1.11,95% confidence interval
(95%Cl):0.6-2.06; P=0.731) nor cumulative incidence of SBP (subdistribution hazard ratio (SHR): 1.38; 95%Cl:0.63-3.01;
P=0.42) and SBP or other infections (SHR:1.71; 95%Cl:0.85-3.44; P=0.13) during follow-up. Moreover, PPl intake had no
impact on transplant-free survival in both the overall cohort (hazard ratio (HR):0.973,95%Cl:0.719-1.317; P=0.859) as well as
in the subgroups of patients without SBP (HR:1.01,95%Cl:0.72-1.42; P=0.971) and without SBP or other infections at the first
paracentesis (HR:0.944,95%Cl:0.668-1.334; P=0.742).

Conclusions: The proportion of cirrhotic patients with PPl intake was higher than in previous reports, suggesting that PPI
indications were interpreted liberally. In our cohort with a particularly high prevalence of PPI intake, we observed no
association between PPls and SBP or other infections, as well as mortality. Thus, the severity of liver disease and other
factors, rather than PPI treatment per se may predispose for infectious complications.
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Introduction of bacterial infections, which delineates an additional fifth stage of
cirrhosis termed the “critically ilI”” patient with cirrhosis [4], as it
. T 5 X - increases mortality of patients with decompensated cirrhosis up to
is the 12" leading cause of death in the United States, though a four-fold. Thirty percent of patients die within 1 month and

Cirrhosis, which accounts for 1.8% of all deaths in Europe [1],

recent report suggests even this rank to be an underestimation [2]. another 30% die during the first year after onset of infection [4].

According to a prognostic model proposed by D’Amico and co- These bacterial infections predominately occur in decompensated
workers [3], the occurrence of varices initiates the second stage of patients with advanced cirrhosis who typically have ascites.
cirrhosis, the third stage is defined by the development of ascites Spontaneous bacterial peritonitis (SBP) is the most common
and variceal hemorrhage initiates the fourth stage. The occurrence infection among patients with cirrhosis [5] and a consequence of
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quantitative and qualitative changes in gut microbiota, increased
intestinal permeability and bacterial translocation [6]. In addition
immunologic impairments observed in patients with advanced
cirrhosis may play a role [5]. Small intestinal bacterial overgrowth
(SIBO), a quantitative change of the gut microbiota, has been
found to be associated with SBP development [7] and Chang and
co-workers observed higher rates of SIBO among patients with a
history of SBP [8]. Moreover, an association between SIBO and
the presence of bacterial DNA in the peripheral blood of cirrhotic
patients has been observed [9]. Impaired small intestinal motility
[8], portal hypertension [10] and acid-suppressive therapy, such as
proton pump inhibitors (PPIs) [11], have been reported as factors
contributing to SIBO in patients with cirrhosis.

Several studies have observed an association between PPI intake
and SBP development [12-18] and this relationship has recently
been confirmed by a meta-analysis [19]. However, this association
was not observed in all cohorts [16,20], as demonstrated by one of
the few prospective studies on the association between PPI intake
and SBP development [20]. In fact, Kwon and co-workers [12]
reported increased mortality after SBP development among
patients with PPI intake, while other studies have observed a lack
of effect on mortality [13,20]. Moreover, several major limitations
related to the study design as well as the consideration of potential
confounding factors substantially limit the conclusions drawn from
previous studies and the meta-analysis based on their results.

The aim of this study was to assess the impact of PPI intake on
(i) the development of SBP or other infections, as well as (ii) on
mortality, in a large, thoroughly documented cohort of patients
with cirrhosis and ascites.

Patients and Methods
Study design

A total of 607 previously investigated [21] consecutive patients
with cirrhosis who underwent their first paracentesis at the
Medical University of Vienna between 2006 and 2011 were
included in this retrospective study. Patients were followed up until
2011. Patients with other causes of ascites, such as severe
cardiovascular disease, renal insufficiency, extra-hepatic malig-
nancies and non-cirrhotic portal hypertension were excluded from
the study.

Assessed parameters

Epidemiological characteristics, etiology of cirrhosis, presence of
hepatocellular carcinoma (HCC), liver transplantation, varices as
well as information on history of variceal bleeding were assessed
from patients’ medical records. Thus, information on varices was
not only based on endoscopic examinations exactly at the time of
the first paracententesis. Moreover, information on PPI, non-
selective beta blocker (NSBB) and rifaximin intake was obtained
from patients’ medical records. Laboratory parameters were
assessed at the first paracentesis and at the first diagnosis of SBP
including platelet count, albumin, bilirubin, international normal-
ized ratio (INR), creatinine and ascitic fluid polymorphnuclear
neutrophil (PMN) count. Hepatic venous pressure gradient
(HVPG) measurements were performed as described previously
[22]. The model for end-stage liver disease (MELD) [23] and
Child-Pugh score (CPS) [24] were calculated based on laboratory
parameters and patients’ medical history.

Paracenteses, diagnosis of SBP and other infections and
definition of resolution of infection

Patients were grouped according to the presence of signs or
symptoms or laboratory abnormalities suggestive of or associated
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with infection (e.g., abdominal pain or tenderness, fever,
unexplained encephalopathy, AKI, leukocytosis and variceal
bleeding) and paracentesis volume: diagnostic paracentesis (para-
centesis volume <5 L), diagnostic large-volume paracentesis
(LVP; paracentesis volume =5 L), and therapeutic LVP (no
clinical or laboratory evidence for infection and paracentesis
volume =5 L.

In accordance with national guidelines [25,26], albumin was
administered in LVPs and patients received long-term prophylaxis
with quinolones after SBP development. SBP was diagnosed if the
ascitic PMN count was>250cells x mL™" in absence of an intra-
abdominal source of infection or any other explanation for an
elevated PMN count [26—-28].

In addition, patients’ medical records were reviewed for
hospitalizations resulting from infections other than SBP or
development of systemic infections during hospitalizations due to
other reasons. The standardized work up at hospital admission
included laboratory blood and urine tests, as well as a chest X-ray.
Systemic infections were diagnosed based on the American
College of Chest Physicians (ACCP)/Society of Ciritical Care
Medicine (SCCM) definitions for systemic inflammatory response
syndrome (SIRS) and sepsis [29].

Resolution of SBP or other infections was defined by the
regression of clinical or laboratory evidence for infection within 7
days after the diagnosis, as well as the absence or regression of
infection-related complications such as grade 3/4 hepatic
encephalopathy according to West Haven criteria [30] and acute
kidney injury (AKI) within 7 days after the diagnosis of infection.
AKI was defined as group C of the modified acute kidney injury
classification proposed by Fagundes and co-workers [31].

Statistics

Statistical analyses were conducted using IBM SPSS Statistics
21 (SPSS Inc., Armok, USA) and R.3.0.2 (R Core Team, R
Foundation for Statistical Computing, Vienna, Austria). Contin-
uous variables were reported as mean *standard deviation or
median (interquartile range), while categorical variables were
reported as numbers (proportions) of patients with the certain
characteristic. Student’s t-test was used for group comparisons of
continuous variables when applicable. Otherwise, Mann-Whitney
U test was applied. Group comparisons of categorical variables
were performed using either Pearson’s chi-squared or Fisher’s
exact test.

A binary logistic regression model investigating the association
between PPI intake and SBP at the first paracentesis adjusted for
all variables (age, HCC, history of variceal bleeding, varices and
MELD score) that were not comparable between PPI and no-PPI
patients (Table 1) was calculated.

The impact of PPI intake on the cumulative incidence of SBP or
other infections was analyzed by a competing risk analyses [32]
treating death as a competing risk. Cumulative incidence functions
are shown for the models mnvestigating the incidence of SBP or
other infections (Figure 1). Transplant-free survival was analyzed
using Cox proportional hazards models. Patients who underwent a
liver transplantation were censored on the day of surgery.
Transplant-free survival time was defined as the time to liver
transplantation, death or end of follow-up. Kaplan-Meier curves
are presented for transplant-free survival models (Figure 2). In
addition to PPI intake, age, HCC, history of variceal bleeding,
varices and MELD score were considered as covariates in all of the
above-mentioned models, as they were not comparable between
PPI and no-PPI patients (Table 1).

All patients without SBP entered the SBP cumulative incidence
model (Model 1) with their first paracentesis, while the SBP or
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Table 1. Patient Characteristics.

PPIs and SBP

Patient characteristics All patients, n=607 no-PPl, n=87 PPI, n=520 P value
Age, years 57.5*11.8 60.2+12.1 57.1+11.7 0.02
Sex

Male 426 (70%) 59 (68%) 367 (71%) 0.602

Female 181 (30%) 28 (32%) 153 (29%)
Etiology

ALD 336 (55%) 41 (47%) 295 (57%) 0.38

Viral 113 (19%) 20 (23%) 93 (18%)

ALD and viral 49 (8%) 9 (10%) 40 (8%)

Other 109 (18%) 17 (20%) 92 (18%)
HCC 129 (21%) 28 (32%) 101 (19%) 0.007
History of variceal bleeding 111 (18%) 9 (10%) 102 (20%) 0.038
Varices 443 (73%) 52 (60%) 391 (75%) 0.003
Upper-gastrointestinal bleeding 46 (8%) 6 (7%) 40 (8%) 0.795

At Hospital admission 32 (5%) 4 (5%) 28 (5%) 0.808

During hospitalization 14 (2%) 2 (2%) 12 (2%) 1

Portal hypertensive bleeding 35 (6%) 4 (5%) 31 (6%) 0.642
HVPG*, mmHg 18.7%6.5 17.3+5.8 18.8+6.6 0.273
MELD 17.5 (10.6) 15.2 (7.7) 18 (10.3) 0.037
CPS

A 22 (4%) 5 (6%) 17 (3%) 0.361

B 281 (46%) 43 (49%) 238 (46%)

C 304 (50%) 39 (45%) 265 (51%)
Platelet count, G x L™’ 117 (107) 138 (104) 117 (110) 0.17
Albumin, g x L 27.2*+5.7 27.8+5.9 27.1%5.6 0.337
Bilirubin, mg x d! 3.2 (6.02) 243 (4.07) 3.34 (6.34) 0.046
INR 1.38 (0.58) 1.33 (0.47) 1.39 (0.59) 0.135
Creatinine, mg x dL™" 1.14 (0.78) 1.14 (0.64) 1.14 (0.78) 0.949
Rifaximin treatment 63 (10%) 6 (7%) 57 (11%) 0.25
NSBB treatment 245 (40%) 32 (37%) 213 (41%) 0.462
Hospitalization prior to paracentesis, days 1(4) 1(6) 1(4) 0.343
Paracentesis indication

Diagnostic paracentesis 258 (43%) 45 (52%) 213 (41%) 0.133

Diagnostic LVP 270 (44%) 30 (34%) 240 (46%)

Therapeutic LVP 79 (13%) 12 (14%) 67 (13%)
SBP at first paracentesis 114 (19%) 15 (17%) 99 (19%) 0.691
Systemic infection at first paracentesis 34 (6%) 1 (1%) 33 (6%) 0.072

*Information on HVPG was available in 220 patients.

doi:10.1371/journal.pone.0110503.t001

other infections cumulative incidence model (Model 2) was
restricted to patients without SBP or another infection at the first
paracentesis.

Moreover, we assessed the effect of PPI intake on transplant-free
survival in the overall cohort (Model 3), among patients without
SBP (Model 4) and among patients without SBP or other infections
at the first paracentesis (Model 5).

P values <0.05 were considered as statistically significant.
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Patient characteristics at the first paracentesis and comparison of patients with (PPI) and without (no-PPI) proton pump inhibitor therapy.
Abbreviations: PPl proton pump inhibitor; ALD alcoholic liver disease; HCC hepatocellular carcinoma; HVPG hepatic venous pressure gradient; MELD model for end-
stage liver disease; CPS Child-Pugh score; INR international normalized ratio; NSBB non-selective beta blocker; LVP large-volume paracentesis.

Ethics

This study was conducted in accordance with the Declaration of
Helsinki and approved by the local ethics committee of the
Medical University of Vienna (EK Nr. 1008/2011). Due to the
retrospective design of the study, the local ethics committee did not
require a written informed consent from the study participants.
Patient data was pseudonymized prior to statistical analysis.
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Figure 1. PPI Intake and Cumulative Incidence of SBP or other
Infections. Impact of PPl intake on A cumulative incidence of SBP
among patients without SBP at the first paracentesis and B cumulative
incidence of SBP or other infections among patients without SBP or
another infection at the first paracentesis. Statistics: The impact of PPI
intake on the cumulative incidence of SBP or other infections was
analyzed by a competing risk analysis [32] treating death as a
competing risk. *In addition to PPI intake, age, HCC, history of variceal
bleeding, varices and MELD score were considered covariates.
Cumulative incidence functions are shown for the models investigating
the incidence of SBP or other infections. Abbreviations: PPl proton
pump inhibitor; SBP spontaneous bacterial peritonitis; SHR subdistribu-
tion hazard ratio; HCC hepatocellular carcinoma; MELD model for end-
stage liver disease.

doi:10.1371/journal.pone.0110503.g001
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Results

Patient characteristics at the first paracentesis (Table 1)

The majority of patients (70%) were male, with a mean age of
57.5%11.8 years. The predominant etiology of cirrhosis was
alcoholic liver disease (ALD) (55%), followed by chronic viral
hepatitis (19%) and the combination of ALD and chronic viral
hepatitis (8%). In 18% percent of patients, other etiologies of
cirrhosis were reported. Twenty-one percent of patients were
diagnosed with HCC and 18% had a history of variceal bleeding,
though varices were present in 73% of patients. Five percent of
patients presented with upper-gastrointestinal bleeding at hospital
admission, while 2% developed upper-gastrointestinal bleeding
during hospitalization. Portal hypertensive bleeding at admission
or during hospitalization was observed in 6% of patients.
Information on HVPG was available in a subgroup of 220
patients, with a mean HVPG of 18.7%£6.5 mmHg. The median
MELD score was 17.5 (10.6) and the distribution of CPS stage was
as follows: A: 4%, B: 46% and C: 50%. Ten percent of patients
received rifaximin, while 40% of patients were administered NSBB
treatment. The median duration of hospitalization prior to the
paracentesis was 1 (4) day. Forty-three percent of paracenteses
were diagnostic, 44% were diagnostic LVPs and 13% were
therapeutic LVPs.

Among 607 cirrhotic patients with ascites, PPl intake was
present in 520 (86%) of patients. At the first paracentesis, mean
age was lower (PPI: 57.1%£11.7 vs. no-PPL: 60.2%x12.1 years;
P =0.02), while median MELD score was higher (PPI: 18 (10.3) vs.
no-PPI: 15.2 (7.7); P=0.037) among patients with PPI intake.
While the proportion of patients with HCC was higher among
patients without PPI intake (PPL: 19% vs. no-PPI: 32%;
P =0.007), history of variceal bleeding (PPI: 20% vs. no-PPI:
10%; P=0.038) and varices (PPI: 75% vs. no-PPI: 60%;
P =0.003) were more frequently observed in the PPI group. No
other statistically significant differences in patient characteristics
between patients with PPI intake, and without, were observed.

Patient characteristics of the subgroups of patients without SBP
and patients without SBP or other infections at the first
paracentesis are shown in Table S1 and Table S2, respectively.

Follow-up of patients

A total of 607 patients were followed for 486 person-years after
their first paracentesis. Of these, 59% underwent a liver
transplantation or died and 7% were lost to follow-up. The
proportion of patients who were lost to follow-up was similar in the
subgroups of patients with PPI intake (7%) and without (6%;
P =0.642).

Impact of PPl intake on SBP prevalence at the first

paracentesis and SBP incidence during follow-up

The proportion of patients with SBP at the first paracentesis was
comparable between the PPI (19%) and no-PPI (17%; P =0.691)
group. In multivariate logistic regression analysis, neither PPI
treatment (odds ratio (OR): 1.11, 95% confidence interval
(95%CI): 0.602-2.061; P =0.731), nor any of the other covariates
including age (per 10 years, OR: 1, 95%CI: 0.99-1; P =0.704),
HCC (OR: 1.48, 95%CI: 0.91-2.41; P =0.116), history of variceal
bleeding (OR: 0.673, 95%CI: 0.376-1.205; P =0.183), varices
(OR: 1.54; 95%CIL: 0.93-2.55; P =0.093) and MELD score (per
point, OR: 1.02, 95%CI: 1-1.05; P =0.077) were associated with
SBP prevalence.

Among patients without SBP at the first paracentesis, PPI intake
was not associated with the cumulative incidence of SBP
(subdistribution hazard ratio (SHR): 1.38; 95%CI: 0.63-3.01;
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Figure 2. PPl Intake and Transplant-free Survival. Influence of PPI
intake on transplant-free survival in A the overall cohort, B among
patients without SBP and € among patients without SBP or others
infections at the first paracentesis. Statistics: Transplant-free survival
was analyzed using Cox proportional hazards models. *In addition to
PPI intake, age, HCC, history of variceal bleeding, varices and MELD
score were considered covariates in all of the above-mentioned models.
Kaplan-Meier curves are presented for transplant-free survival models.
Abbreviations: PPl proton pump inhibitor; SBP spontaneous bacterial
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peritonitis; HR hazard ratio; HCC hepatocellular carcinoma; MELD model
for end-stage liver disease.
doi:10.1371/journal.pone.0110503.9g002

P =0.42) during follow-up when adjusting for age, HCC, history
of variceal bleeding, varices and MELD score (Figure 1; Table 2).
We observed a trend toward an increased cumulative incidence of
SBP among patients with a history of variceal bleeding (SHR:
1.71, 95%CI: 0.96-3.05; P =0.07).

Influence of PPl intake on the prevalence of systemic
infections at the first paracentesis and incidence of SBP
or other infections during follow-up

Systemic non-SBP infections were classified as sepsis (31%),
pneumonia (22%), urinary tract infections (11%), cellulitis (5%), C.
difficile infection (4%) and other specific infections (11%). In 16%
of patients, no specific type of infection could be identified,
although they presented with clinical or laboratory evidence for
systemic infection.

There was a trend toward a higher proportion of patients with
systemic infections other than SBP at the first paracentesis in the
PPI group (PPI: 6% vs. no-PPI: 1%; P =0.072). When considering
both SBP and other systemic infections as a combined event,
prevalence rates at the first paracentesis were comparable between
treatment groups (PPI: 25% vs. no-PPI: 18%; P =0.16).

Among patients without SBP or another infection at the first
paracentesis, the association between PPI intake and the
cumulative incidence of the combined event (SHR: 1.71;
95%CI: 0.85-3.44; P=0.13) during follow-up did not attain
statistical significance, when adjusting for age, HCC, history of
variceal bleeding, varices and MELD score (Figure 1; Table 2).

Impact of PPl intake on resolution of SBP or other
infections

Resolution was assessed for all SBPs and other systemic
infections at the first paracentesis, as well as all incident SBPs
and other systemic infections during follow-up (n=233). The
proportion of patients in which the infection was resolved was
similar among patients with PPI intake (56%), and without (52%;
P =0.686). Moreover, we observed similar rates of infection
resolution in the subgroup of patients with SBP (PPI: 60% vs. no-
PPI: 50%; P =0.36).

Impact of PPl intake on transplant-free survival

The influence of PPI intake on transplant-free survival was
studied in the overall cohort, among patients without SBP and
among patients without SBP or other infections at the first
paracentesis (Figure 2; Table 3). While higher age (per 10 years,
HR: 1.38, 95%CI: 1.25-1.53, P<<0.001), the presence of HCC
(HR: 2.41, 95%CI: 1.88-3.08; P<<0.001) and higher MELD score
(per point, HR: 1.56, 95%CI: 1.45-1.68; P<0.001) were
assoclated with decreased transplant-free survival in the overall
cohort, no association with PPI intake (HR: 0.97, 95%CI: 0.72—
1.32; P =0.859) was observed.

Discussion

The emergence of alarming results from recent studies [12-18]
has initiated an intense debate on whether PPI intake has an
adverse effect on the occurrence of infectious complications among
patients with cirrhosis and ascites. However, in addition to their
retrospective design, most previous studies display limitations,
which must be considered. The majority of studies either
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investigated a relatively small sample size [13-17,20], or had a
case-control, rather than a longitudinal cohort design [13-17].
Moreover, some studies insufficiently controlled for potential
confounding factors or did not consider death as a competing risk
when investigating the impact of PPI treatment on the incidence of
SBP or other infections.

Our study, although retrospective, is a longitudinal study based
on a large, thoroughly documented cohort of patients with
cirrhosis and ascites and applied competing risk analyses [32]
treating death as a competing risk. Previous studies reporting an
association between PPI intake and SBP incidence were based on
cohorts with a lower proportion of patients on PPI treatment
[12,13], suggesting indications for PPI administration were
followed more rigorously. In contrast, in our cohort, the
particularly high prevalence of PPI intake (86%) suggests that
the indications for PPI treatment were interpreted liberally in daily
clinical practice. However, in the context of rather high PPI
intake, we observed no association between PPI intake and SBP, as
well as mortality. Although the prevalence of peptic ulcers is
increased among cirrhotic patients and correlates with the severity
of liver disease [33], PPI intake might have been initiated based on
indications which are not sufficiently supported by evidence, such
as portal hypertensive gastropathy, varices or history of variceal
bleeding, abdominal pain or discomfort induced by distension of
the abdomen, as well as polypharmacy [34].

In our study, the proportion of patients with HCC was higher in
the no-PPI group, while the proportions of patients with varices
and a history of variceal bleeding were higher in the PPI group.
PPI intake was associated with higher age and MELD score,
factors that were associated with lower transplant-free survival in
our study. In addition, patients with a history of variceal bleeding
had a numerically higher risk of SBP development during follow-
up. Other potential confounding factors, such as the portal
hypertensive bleeding at admission or during hospitalization,
duration of hospitalization prior to paracentesis and indication for
paracentesis were assessed and found to be comparable between
patients with PPI intake, and without. However, the retrospective
assessment of the indication for paracentesis has limitations and
since the American Association for the Study of the Liver
(AASLD) practice guideline for the management of adult patients
with ascites due to cirrhosis [28] recommends paracentesis at the
first development of ascites and at hospital admission, none of the
paracenteses might have been solely therapeutic. Importantly,
most previous studies did not provide sufficient information on
these potential confounding factors. Thus, it cannot be excluded
that the severity of the underlying liver disease and other factors,
rather than PPI treatment per se, may predispose for infectious
complications in patients with cirrhosis and ascites.

Moreover, hospitalization due to infections other than SBP or
development of systemic infections during hospitalization for other
reasons was assessed. Systemic infections during follow-up were
not very common in our cohort of cirrhotic patients with ascites.
The retrospective assessment of systemic inflammatory response
syndrome (SIRS) and sepsis according to the American College of
Chest Physicians (ACCP)/Society of Critical Care Medicine
(SCCM) definitions [29] has inherent weaknesses, especially in
patients with liver cirrhosis, in which the diagnostic capacity of
SIRS criteria might already be limited [35,36]. The retrospective
assessment could have had an impact on the prevalence and

References

1. Blachier M, Leleu H, Peck-Radosavljevic M, Valla DC, Roudot-Thoraval F
(2013) The burden of liver disease in Europe: a review of available
epidemiological data. ] Hepatol 58: 593-608.

PLOS ONE | www.plosone.org

PPIs and SBP

incidence of systemic infections observed in our study, although
there was a standardized work up at hospital admission including
laboratory blood and urine tests, as well as a chest X-ray.
Moreover, infections treated in an outpatient setting were not
assessed. Since hospitalization is generally recommended for
cirrhotic patients with ascites presenting with signs and symptoms
of systemic infection, this might not have significantly affected our
results. Moreover, as patients have not been prospectively
followed, we cannot entirely rule out that some events were
missed, especially if patients were treated outside of Vienna or in
private hospitals. We observed a trend toward a higher prevalence
of systemic infections other than SBP at the first paracentesis in the
PPI group. However, this was an unadjusted analysis not
considering the previously mentioned unfavorable baseline char-
acteristics of the PPl group, as multivariate analysis was not
feasible due to the low number of events. When considering both
SBP and other systemic infections as a combined event, prevalence
rates at the first paracentesis were comparable between the
treatment groups. Importantly, there was no association between
PPI intake and the combined event during follow-up, when
adjusting for potential confounding factors.

In conclusion, we observed no association between PPIs and
SBP or other infections, as well as mortality, in our large,
thoroughly documented cohort of patients with cirrhosis and
ascites with a particularly high prevalence of PPI intake. The
severity of the underlying liver disease and other factors, rather
than PPI treatment per se may predispose for complications in
patients with cirrhosis and ascites. Nevertheless, the restriction of
PPI treatment to evidence-based indications should be empha-
sized.

Supporting Information

Table S1 Patient characteristics of patients without SBP at the
first paracentesis and comparison of patients with (PPI) and
without (no-PPI) proton pump inhibitor therapy. Abbreviations:
PPI proton pump inhibitor; ALD alcoholic liver disease; HCC
hepatocellular carcinoma; HVPG hepatic venous pressure gradi-
ent; MELD model for end-stage liver disease; CPS Child-Pugh
score; INR international normalized ratio; NSBB non-selective
beta blocker; LVP large-volume paracentesis.

DOCX)

Table 82 Patient characteristics of patients without SBP or other
infection at the first paracentesis and comparison of patients with
(PPI) and without (no-PPI) proton pump inhibitor therapy.
Abbreviations: PPI proton pump inhibitor; ALD alcoholic liver
disease; HCC hepatocellular carcinoma; HVPG hepatic venous
pressure gradient; MELD model for end-stage liver disease; CPS
Child-Pugh score; INR international normalized ratio; NSBB non-
selective beta blocker; LVP large-volume paracentesis.

DOCX)

Author Contributions

Study concept and design: MM PS MH AF WS MT MP TR. Acquisition
of data: SB PS TB NP CS AB TR. Statistical analysis: MM MH.
Interpretation of data: MM MH AF WS MT MP TR. Drafting of the
manuscriptt: MM MH TR. Ciritical revision for important intellectual
content and approval of the final version of the manuscript: MM SB PS TB
NP CS MH AB AF WS MT MP TR.

2. Asrani SK, Larson JJ, Yawn B, Therneau TM, Kim WR (2013) Underestima-
tion of liver-related mortality in the United States. Gastroenterology 145: 375—
382.

November 2014 | Volume 9 | Issue 11 | e110503



. D’Amico G, Garcia-Tsao G, Pagliaro L (2006) Natural history and prognostic

indicators of survival in cirrhosis: a systematic review of 118 studies. J] Hepatol
44: 217-231.

. Arvaniti V, D’Amico G, Fede G, Manousou P, Tsochatzis E, et al. (2010)

Infections in patients with cirrhosis increase mortality four-fold and should be
used in determining prognosis. Gastroenterology 139: 1246-1256.

. Jalan R, Fernandez J, Wiest R, Schnabl B, Moreau R, et al. (2014) Bacterial

infections in cirrhosis: A position statement based on the EASL Special
Conference 2013. J Hepatol 60: 1310-24.

. Reiberger T, Ferlitsch A, Payer BA, Mandorfer M, Heinisch BB, et al. (2013)

Non-selective betablocker therapy decreases intestinal permeability and serum
levels of LBP and IL-6 in patients with cirrhosis. J Hepatol 58: 911-921.

. Morencos FC, de las Heras Castano G, Martin Ramos L, Lopez Arias M],

Ledesma F, et al. (1995) Small bowel bacterial overgrowth in patients with
alcoholic cirrhosis. Digestive Diseases and Sciences 40: 1252-1256.

. Chang CS, Chen GH, Lien HC, Yeh HZ (1998) Small intestine dysmotility and

bacterial overgrowth in cirrhotic patients with spontaneous bacterial peritonitis.
Hepatology 28: 1187-1190.

. Jun DW, Kim KT, Lee OY, Chae JD, Son BK, et al. (2010) Association between

small intestinal bacterial overgrowth and peripheral bacterial DNA in cirrhotic
patients. Digestive Diseases and Sciences 55: 1465-1471.

Gunnarsdottir SA, Sadik R, Shev S, Simren M, Sjovall H, et al. (2003) Small
intestinal motility disturbances and bacterial overgrowth in patients with liver
cirrhosis and portal hypertension. Am J Gastroenterol 98: 1362-1370.

. Bauer TM, Steinbruckner B, Brinkmann FE, Ditzen AK, Schwacha H, et al.

(2001) Small intestinal bacterial overgrowth in patients with cirrhosis: prevalence
and relation with spontaneous bacterial peritonitis. Am J Gastroenterol 96:
2962-2967.

. Kwon JH, Koh §J, Kim W, Jung YJ, Kim JW, et al. (2014) Mortality associated

with proton pump inhibitors in cirrhotic patients with spontancous bacterial
peritonitis. Journal of Gastroenterology and Hepatology 29: 775-781.

. de Vos M, De Vroey B, Garcia BG, Roy C, Kidd F, et al. (2013) Role of proton

pump inhibitors in the occurrence and the prognosis of spontaneous bacterial
peritonitis in cirrhotic patients with ascites. Liver Int 33: 1316-1323.

. Choi EJ, Lee HJ, Kim KO, Lee SH, Eun JR, et al. (2011) Association between

acid suppressive therapy and spontaneous bacterial peritonitis in cirrhotic
patients with ascites. Scandinavian Journal of Gastroenterology 46: 616-620.

. Goel GA, Deshpande A, Lopez R, Hall GS, van Duin D, et al. (2012) Increased

rate of spontaneous bacterial peritonitis among cirrhotic patients receiving
pharmacologic acid suppression. Clin Gastroenterol Hepatol 10: 422-427.

. Campbell MS, Obstein K, Reddy KR, Yang YX (2008) Association between

proton pump inhibitor use and spontaneous bacterial peritonitis. Digestive
Diseases and Sciences 53: 394-398.

. Bajaj JS, Zadvornova Y, Heuman DM, Hafeezullah M, Hoffmann RG, et al.

(2009) Association of proton pump inhibitor therapy with spontaneous bacterial
peritonitis in cirrhotic patients with ascites. Am J Gastroenterol 104: 1130-1134.

. Bajaj JS, Ratliff SM, Heuman DM, Lapane KL (2012) Proton pump inhibitors

are associated with a high rate of serious infections in veterans with
decompensated cirrhosis. Alimentary Pharmacology and Therapeutics 36:

866-874.

. Deshpande A, Pasupuleti V, Thota P, Pant C, Mapara S, et al. (2013) Acid-

suppressive therapy is associated with spontaneous bacterial peritonitis in

PLOS ONE | www.plosone.org

20.

21.

22.

23.

24.

27.

28.

29.

30.

34.

PPIs and SBP

cirrhotic patients: a meta-analysis. Journal of Gastroenterology and Hepatology
28: 235-242.

van Vlerken LG, Huisman EJ, van Hoek B, Renooij W, de Rooij FW, et al.
(2012) Bacterial infections in cirrhosis: role of proton pump inhibitors and
intestinal permeability. European Journal of Clinical Investigation 42: 760-767.
Mandorfer M, Bota S, Schwabl P, Bucsics T, Pfisterer N, et al. (2014)
Nonselective beta Blockers Increase Risk for Hepatorenal Syndrome and Death
in Patients with Cirrhosis and Spontaneous Bacterial Peritonitis. Gastroenter-
ology 146: 1680-1690.

Reiberger T, Ulbrich G, Ferlitsch A, Payer BA, Schwabl P, et al. (2013)
Carvedilol for primary prophylaxis of variceal bleeding in cirrhotic patients with
haemodynamic non-response to propranolol. Gut 62: 1634-1641.

Kamath PS, Kim WR (2007) The model for end-stage liver disease (MELD).
Hepatology 45: 797-805.

Child C, Turcotte J,editors (1964) Surgery and portal hypertension. Philadel-
phia: Saunders. 50-64.

. Peck-Radosavljevic M, Trauner M, Schreiber F (2005) Austrian consensus on

the definition and treatment of portal hypertension and its complications.
Endoscopy 37: 667-673.

5. Peck-Radosavljevic M, Angermayr B, Datz C, Ferlitsch A, Ferlitsch M, et al.

(2013) Austrian consensus on the definition and treatment of portal hypertension
and its complications (Billroth II). Wien Klin Wochenschr 125: 200-219.
(2010) EASL clinical practice guidelines on the management of ascites,
spontaneous bacterial peritonitis, and hepatorenal syndrome in cirrhosis.
J Hepatol 53: 397-417.

Runyon BA (2013) Introduction to the revised American Association for the
Study of Liver Diseases Practice Guideline management of adult patients with
ascites due to cirrhosis 2012. Hepatology 57: 1651-1653.

(1992) American College of Chest Physicians/Society of Critical Care Medicine
Consensus Conference: definitions for sepsis and organ failure and guidelines for
the use of innovative therapies in sepsis. Critical Care Medicine 20: 864-874.
Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, et al. (2002)
Hepatic encephalopathy—definition, nomenclature, diagnosis, and quantifica-
tion: final report of the working party at the 11th World Congresses of
Gastroenterology, Vienna, 1998. Hepatology 35: 716-721.

. Fagundes C, Barreto R, Guevara M, Garcia E, Sola E, et al. (2013) A modified

acute kidney injury classification for diagnosis and risk stratification of
impairment of kidney function in cirrhosis. J Hepatol 59: 474-481.

. Fine JP, Gray R]J (1999) A Proportional Hazards Model for the Subdistribution

of a Competing Risk. Journal of the American Statistical Association 94: 496—
509.

Siringo S, Burroughs AK, Bolondi L, Muia A, Di Febo G, et al. (1995) Peptic
ulcer and its course in cirrhosis: an endoscopic and clinical prospective study.
J Hepatol 22: 633-641.

Lodato F, Azzaroli F, Di Girolamo M, Feletti V, Cecinato P, et al. (2008) Proton
pump inhibitors in cirrhosis: tradition or evidence based practice? World Journal
of Gastroenterology 14: 2980-2985.

. Jalan R, Fernandez J, Wiest R, Schnabl B, Moreau R, et al. (2014) Bacterial

infections in cirrhosis: a position statement based on the EASL Special

Conference 2013. J Hepatol 60: 1310-1324.

. Fernandez J, Gustot T (2012) Management of bacterial infections in cirrhosis.

J Hepatol 56 Suppl 1: S1-12.

November 2014 | Volume 9 | Issue 11 | e110503



