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Abstract Background Spontaneous bacterial peritonitis (SBP) is an ominous complication of decompensated 
cirrhosis. This study aimed to assess several epidemiological, clinical, microbiological and outcome 
characteristics in Greek patients with SBP, as no solid representative nationwide data of this type 
was available.
Methods During a 3-year period, 77 consecutive patients with SBP (61 male; median age: 67 years; 
model for end-stage liver disease [MELD] score: 20), diagnosed and followed in 5 tertiary liver units, 
were prospectively recruited and studied. Various prognostic factors for disease outcome were studied.
Results Thirty-eight patients had alcohol-related cirrhosis, 17 viral hepatitis, 6 non-alcoholic 
steatohepatitis, 6 autoimmune liver diseases, and 10 cryptogenic cirrhosis. Hepatocellular carcinoma 
(HCC) was present in 23 (29.9%), whereas 10 (13%) had portal vein thrombosis. The first SBP episode 
at baseline was community-acquired in 53  (68.8%), while in 24  (31.1%) was hospital-acquired, 
with predominant symptoms abdominal pain and encephalopathy. A positive ascitic culture was 
documented in 36% of patients in the initial episode, with almost equal gram (+) and gram (–) 
pathogens, including 3 multidrug-resistant pathogens. Significant factors for 6-month survival were: 
higher MELD score, previous β-blocker use, lower serum albumin, higher lactate on admission and 
need for vasopressors, while factors for 12-month survival were MELD score and lactate. For overall 
survival, higher MELD score and lactate along with HCC presence were negative predictive factors.
Conclusions MELD score, lactate, albumin, HCC and treatment with vasopressors were predictive of 
survival in SBP patients. In hospital-acquired SBP the prevalence of difficult-to-treat pathogens was higher.
Keywords Cirrhosis, spontaneous bacterial peritonitis, mortality, lactate, MELD score
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Introduction

Bacterial infections in patients with cirrhosis are a major 
clinical problem, as they occur 4-5  times more frequently 
compared to the general population and can increase 
mortality by leading to acute-on-chronic liver failure, further 
decompensation, and multiorgan failure [1-6]. Despite advances 
in critical care and prophylactic antibiotic use, spontaneous 
bacterial peritonitis (SBP) is the most common and important 
bacterial infection in cirrhotic patients with ascites, because of 
its significant morbidity and mortality [2,7,8].

It is well documented that cirrhotic patients are prone to 
bacterial infections and SBP, the reasons being multifactorial 
and associated with a defective immune system, gut dysmotility, 
alterations in microbiome (intestinal bacterial overgrowth 
[IBO] and dysbiosis), increased intestinal permeability, 
and bacterial translocation [9-12]. Previous studies have 
demonstrated that serum urea, blood leukocyte count, Child-
Pugh score and mean arterial pressure are independent 
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predictive factors of in-hospital mortality in patients suffering 
from SBP [13]. Tandon et al showed that model for end-stage 
liver disease (MELD) score and blood leukocyte count are 
independent predictors of 30-day mortality [14].

Identifying the patients with SBP likely to present a poor 
outcome could probably help in the design of strategies to 
improve prognosis, counsel patients and their relatives on 
expected outcomes, and establish a follow-up plan. Therefore, 
we conducted a multicenter prospective study in cirrhotic 
patients with ascites fulfilling the diagnosis of SBP. Our aim 
was to study the epidemiological, clinical, laboratory and 
microbiologic factors that may affect prognosis in Greek 
patients with SBP, as this type of representative prospective 
nationwide data was not available.

Patients and methods

This was a 3-year (October 2014  -  October 2017) 
prospective multicenter study conducted in 5 tertiary 
liver units from different Greek provinces. During this 
period, 77 consecutive patients with SBP (61  male; median 
age: 67.5  years; Table  1) were prospectively recruited 
and investigated. The study was approved by the local 
ethics committee of each hospital, and was in accordance 
with the declaration of Helsinki. Data recorded included 
patient demographics, clinical information including 
presenting symptoms, medical comorbidities, presence of 
hepatocellular carcinoma (HCC), cirrhosis etiology, time 
from decompensation to SBP development, gastrointestinal 
bleeding and MELD score, laboratory work-up (ascitic fluid 
neutrophils, albumin and culture, serum creatinine, albumin 
and lactate) and drugs used as vasopressors. Detailed data on 
chronic administration of β-blockers, proton pump inhibitors 
(PPIs) and antibiotic prophylaxis for SBP were also recorded. 
All patients were followed-up until death or transplantation.

The inclusion criteria for the study were: 1) age >18 years; 
2)  diagnosis of cirrhosis with ascites; 3) hospital admission; 
and 4) informed consent from the patient or from a first-
degree relative, if the patient was encephalopathic. The 
exclusion criteria were: 1) age <18 years; 2) unwillingness to 
provide informed consent; 3) extrahepatic malignancies; 4) no 
available data on ascitic fluid; 5) source of infection additional 
to SBP; and 6) non-cirrhotic portal hypertension.

All patients admitted to the hospital with any of the 
following underwent abdominal paracentesis on presentation: 
fever or signs of systemic inflammation, abdominal pain, 
shock, altered mental status, gastrointestinal bleeding, 
worsening of liver and/or renal function, or any degree of 
hepatic encephalopathy. Ascitic fluid was directly inoculated 
into blood culture bottles (BACT/ALERT® Culture media, 
BIOMERIEUX, Inc. Durham, NC). The volume inoculated was 
at least 10 mL for aerobic and 10 mL for anaerobic culture, and 
this was performed at the patient’s bedside. Detailed data on cell 
count, protein and albumin concentration, as well as microbe 
sensitivities, were collected and analyzed. SBP was diagnosed 
as an infection of ascitic fluid without any intra-abdominal 

surgically treatable source of infection, and was based on a 
neutrophil count >250/mm3 in ascitic fluid, as determined by 
microscopy or positive culture of the ascitic fluid according 
to the guidelines of the European Association for the Study of 
the Liver (EASL) [15]. On admission, all patients had a broad 
biochemical evaluation, arterial blood gases and baseline liver 
imaging (ultrasound or computed tomography) to exclude 
malignancy or other source of infection.

For community acquired SBP, empirical antibiotic therapy 
with third-generation cephalosporins or piperacilline/
tazobactame and less often with ciprofloxacin, was initiated 
immediately after diagnosis, without the results of fluid 
culture. All patients underwent a second paracentesis as a 
standard approach 48  h after the initial diagnosis of SBP. 
Antibiotics were modified to alternative empiric broad-
spectrum agents if there was no clinical response after 48 h, 
or changed according to the in vitro susceptibility of isolated 
organisms once fluid cultures identified the causative agent. 
For hospital-acquired SBP, patients were mostly commenced 
on piperacillin/tazobactam or carbapenem with vancomycin. 

Table 1 Demographic, clinical and laboratory characteristics of the 
participants (n=77) 

Parameters Median IQR P-value

Sex* 
Male
Female

61
16

79.2
20,8

NS

Age (years) 67.5 14 NS

BMI (kg/m2) 25.3 6.9 NS

Time from decompensation 
(months)

11 44 NS

MELD score 20 12 NS

Albumin (g/dL) 2.8 0.69 NS

Lactate (mmol/L) 1.8 1.8 0.06

Urine Na (mEq/L) 22.5 31.5

BBL*
Yes
No

52
25

67.5
32.5

PPI*
Yes
No

40
37

51.9
48.1

RXM*
Yes
No
WBC in ascitic fluid (count)

19
58

1413.5

24.7
75.3
2232

Albumin duration (days) 4 5

VSPR*
None
Terlipressin
Noradrenaline
Other

62
7
7
1

80.5
9.1
9.1
1.3

0.04

*N (%)
NS, not statistically significant; BMI, body mass index; MELD, model for 
end-stage liver disease; BBL, β-blockers; PPI, proton pump inhibitors; RXM, 
rifaximin; VSPR, vasopressors; WBC, white blood cells
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Intravenous human albumin was provided to all patients 
(1.5  g/kg on diagnosis and 1  g/kg on day 3) for prevention 
of the hepatorenal syndrome (HRS); in many patients lower 
doses of human albumin were continued beyond the third day. 
HRS was defined according to EASL guidelines [15], after other 
reasons for renal impairment, such as hypovolemia, shock, 
parenchymal renal diseases and use of nephrotoxic drugs, 
had been excluded. HRS was managed with a combination 
of vasopressor agents (terlipressin or noradrenaline, less 
frequently octreotide, according to availability) and human 
albumin infusion, as appropriate.

Statistical analysis

All variables were tested for normality of distributions 
by Kolmogorov-Smirnov and binomial test prior to further 
analysis. Descriptive statistics were estimated for categorical 
and scale variables, and expressed as median (interquartile 
range [IQR]) and N (%), respectively. In addition, chi-square 
test, Student’s t-test and Kruskal-Wallis test were employed 
to assess any potential variations between 6-  and 12-month 
survival and participants characteristics and measurements. 
Kaplan-Meier survival curves were constructed to assess 
overall survival, by HCC and etiology, while a multivariate 
model was developed using Cox regression, testing strata for 
smoking and adjusting hazard ratios (HR) to age. Two-sided 
P-values less than 0.05 were considered statistically significant. 
All data analyses were performed using the statistical software 
SPSS version 24.0.

Results

The leading etiology of cirrhosis was alcohol-related, 
followed by viral, nonalcoholic steatohepatitis (NASH) and 
autoimmune liver diseases, with a median time of 11 months 
from decompensation to SBP development (Fig. 1). The median 
MELD score was 20, 77% of the patients had small (grade I) 
or large (grade  II & III) varices, while 23  (29.9%) had HCC 
of any stage and 10 (13%) had portal vein thrombosis of any 
grade (Table 1). All cases were first attacks; however, 9 patients 
developed subsequent episodes. Before the first episode only 
9.7% were under primary prophylaxis for SBP, whereas 68% 
of the cohort were receiving β-blockers and 52% were on PPIs 
(Table 1).

In 53  patients the SBP was community acquired. The 
most frequent clinical presentation was abdominal pain 
and encephalopathy, but it is notable that in 11  patients 
(14.3%) the episode was asymptomatic (Table 2). Nosocomial 
infections were identified in 24/77  patients (31%), and 
similar proportions of the cultures yielded gram (+) or gram 
(–) pathogens. Symptoms in nosocomial infections were 
mostly encephalopathy and overt sepsis or liver failure. In 
36% of the first SBP episodes the culture of ascitic fluid was 
positive (gram (+) 46%, gram (–) 54%), with the predominant 
pathogens being Escherichia coli (E. coli, N=9), Streptococci 
(N=6), Staphylococci (aureus and coagulase-negative, N=5) 
followed by Klebsiella spp, Enterococci or other species. Overall, 
3 multidrug resistant (MDR) species were identified, namely, 
E. coli, Enterococcus faecium and Acinetobacter. Other MDR 
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Figure 1 Survival curves according to the etiology of cirrhosis in the SBP study population
HCV, hepatitis C virus; HBV, hepatitis B virus; NASH, nonalcoholic steatohepatitis; PSC, primary sclerosing cholangitis; PBC, primary biliary 
cholangitis; SBP, spontaneous bacterial peritonitis
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species (2 E. coli, 2 Enterococci spp, 1 Klebsiella pneumonia, and 
1 Staph. aureus) were isolated in subsequent episodes of SBP, all 
hospital-acquired. Rates of 21% resistance to third-generation 
cephalosporins and 14% resistance to quinolones were 
identified in those patients with a positive culture in the first 
episode of SBP. Resistance to third-generation cephalosporins 

and quinolones was similar between gram (+) and gram (–) 
pathogens. However, resistance to piperacillin/tazobactam 
was noted only in gram (–) pathogens in our cohort. A change 
in the antibiotic regimen was necessary in 22  (28.5%) (3 to 
piperacillin/tazobactam, 8 to a combination of carbapenems/
vancomycin, and 11 to linezolide, daptomycin or colistin). 
Twelve of these 22 patients (54.5%) died within 6 months.

In the study population, the main causes of death were 
sepsis/multiorgan failure, followed by hepatorenal syndrome, 
liver failure and HCC progression. In those with nosocomial 
SBP leading causes were sepsis/multiorgan failure and HRS. 
The overall survival of the entire cohort was 12.8±12.9 months, 
whereas for the HCC patients it was 7.3±7.7 months (Fig. 2). 
Five patients were lost to follow up. For the alcohol-related 
cirrhosis, the overall survival was 13.4±14.6  months. In the 
univariate analysis, negative predictors for 6-month survival 
were: higher MELD score (P=0.04), previous β-blocker use 
(P=0.04), lower serum albumin (P=0.02), higher lactate 
on admission (P=0.02) and need for vasopressors (P=0.01) 
(Table  3). Interestingly, there was no significant association 
with rifaximin and the use of PPIs. Negative statistically 
significant predictors for 12-month survival were the MELD 
score (P=0.04), the need for vasopressors (P=0.01) and serum 
levels of lactate on admission (P=0.03). Interestingly, PPIs had 
a significant association with 12-month survival (Table 3).

In the multivariate analysis, significant factors for overall 
mortality were: MELD score (P=0.04; (95% confidence interval 
[CI] 1.004-1.091), serum lactate (P=0.04; 95%CI 1.055-
1.331), HCC diagnosis (P=0.02; 95%CI 1.07-3.787) and use 
of vasopressors, i.e., terlipressin (P=0.02; 95%CI 1.133-6.969), 
and noradrenaline (P=0.04; 95%CI 1.102-7.361) (Table 4).

Discussion

In this cohort of decompensated cirrhotics, we had the 
opportunity to study prospectively various characteristics 

Table 2 Clinical characteristics of participants 

Parameters N % P-value

Diabetes
No
Yes

50
27

64.9
35.1

0.31

Alcohol consumption
Significant
non-significant

43
34

55.8
44.2

0.81

Smoking
No 
Yes

52
25

67.5
32.5

0.39

Cirrhosis etiology
Alcoholic
HCV
HBV
More than one viral infection 
NASH
Autoimmune/PSC/PBC
Cryptogenic/other/unknown

38
4

10
3
6
6

10

49.3
5.2

12.9
3.8
7.7
7.7

12.9

0.04

Hepatocellular carcinoma
No 
Yes

49
23

63.6
31.2

0.02

Varices
No
Small
Large

16
35
24

20.8
45.5
31.2

0.06

Portal vein thrombosis
No
Yes
Unknown

50
10
16

64.9
13

20.8

0.08

SBP source
Community
Hospital acquired

53
24

68.8
31.2

0.42

Gastrointestinal bleeding
No
Yes

68
24

88.3
31.2

0.23

Presentation
Asymptomatic
Abdominal pain
Encephalopathy 
HRS
Shock 
Ascites
Other

11
32
18
2
6
5
3

14.3
41.6
23.3
2.6
7.8
6.5
3.9

0.09

Patients on primary prophylaxis 
No
Yes

70
7

90.0
9.1

0.04

HCV, hepatitis C virus; HBV, hepatitis B virus; NASH, nonalcoholic 
steatohepatitis; PSC, primary sclerosing cholangitis; PBC, primary biliary 
cholangitis; SBP, spontaneous bacterial peritonitis; HRS, hepatorenal 
syndrome
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Figure 2 Overall survival curve of the entire population of cirrhotics 
with spontaneous bacterial peritonitis included in the study
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of SBP in Greek patients. Our patient population was fairly 
representative of Greece, as the participating centers cover 
cities from the main geographic regions of the country (the 
island of Crete, Athens, Larissa, and Thessaloniki). We showed 
that, in Greece: a) SBP patients are quite sick at presentation, 
as demonstrated by the high median MELD score, and a large 
number of them have HCC or portal vein thrombosis; b) the 
first SBP episode is usually community-acquired (almost 
70%), although a considerable proportion have hospital-
acquired infections; c) in the first SBP episode, the isolation 
of the causative agent was documented in more than a third of 
patients, with almost equal gram (+) and gram (–) pathogens; 
d) although relatively few, MDR bacteria are present more 
frequently in hospital-acquired SBP cases compared to 
community-acquired (25% vs. 5.7%); and e) 6-month survival 
was associated with no need for vasopressors, lower MELD 
scores and lower serum lactate levels on admission, higher 

albumin, and no previous use of β-blockers, while 12-month 
survival was associated with lower MELD scores and lactate, 
and most importantly, the absence of HCC at diagnosis. 
Overall survival was associated with lower MELD scores and 
serum lactate, along with no history of HCC and no need for 
vasopressor use.

The leading etiology of cirrhosis was alcohol-related, 
followed by viral, NASH and autoimmune liver diseases, in 
accordance with the etiological stratification of cirrhosis as 
previously published by our group [16].

As mentioned above, the severity of liver dysfunction, 
as expressed by a high MELD score, was statistically related 
to 6-, 12-month, and overall survival from SBP. This is not 
unexpected, and several publications are in accordance with 
our data. Schwabl et al [17], in a study of 575 cirrhotics who 
underwent paracentesis, found a high Child C score to be a 
risk factor for developing SBP, and MELD >22 for high SBP-
related mortality. In a large retrospective study from the Mayo 
clinic, baseline MELD score predicted the first SBP episode in 
patients with cirrhosis and ascites [18], while in another report 
from Germany, intermediate MELD scores were significant 
for mortality from nosocomial SBP [19]. Moreover, a MELD 
score >22 in patients with SBP was an independent predictor of 
30-day mortality in a retrospective study by Tandon et al [14]. 
Lower albumin on admission was also significantly associated 
with worse 6-month survival in our patient cohort. It reflects 
the severity of liver dysfunction and is frequently affected by 
the inflammatory process [20].

Another significant factor for survival (6-, 12-month, and 
overall) was serum lactate levels on admission. Higher lactate 
was significantly associated with a worse prognosis, as it usually 
mirrors a more severe infection with more profound tissue 
hypoxia, more advanced sepsis or imminent septic shock. 
A study that analyzed patients with septic shock admitted to 
an intensive care unit (ICU) showed that cirrhotics were more 
hyperdynamic, had higher plasma lactate concentrations, 
lower temperature, and a higher mortality rate (compared 
with patients without cirrhosis) [21]. In a more recent study of 
480 consecutive cirrhotic patients admitted to the ICU, lactate 
levels were associated with higher mortality in those with acute 
kidney injury [22]. In a retrospective study from Canada, low 
MELD score and serum lactate on admission were found to 
be significant for survival in 126 cirrhotic patients with SBP-
associated septic shock [23]—findings similar to ours. Renal 
function was extensively studied, as we tested urea, creatinine, 
urine sodium and urine volume, at 24 and 48 h; there was no 
significant association with survival in the univariate analysis.

The need for vasopressors (irrespective of the drug used) was 
negatively associated with 6-month and overall survival. This 
finding is reasonable, as these agents were given to cirrhotics 
admitted with hypotension or evidence of HRS, thus being 
the most severely ill patients with SBP. Choudhoury et al [24] 
showed that terlipressin was as effective as noradrenaline in 
cirrhotics with septic shock, and in addition provided early 
survival benefit and reduced the risk of variceal bleeding. Lactate 
clearance was found to be a better predictor of outcome, even 
after the target of normal mean arterial pressure was achieved, 
suggesting the role of microcirculation in septic shock [24].

Table 3 Univariate analysis to identify parameters affecting survival at 
6 and 12 months 

Parameters Survival at 6 months Survival at 12 months

N (%) P-value N (%) P-value

VSPR
None
Terlipressin
Noradrenaline
Other

20 (69.9)
6 (20.7)
3 (10.4)

-

0.01
29 (76.3)
6 (15.8)
2 (5.3)
1 (2.6)

0.01

MELD score* 17.8 (7.1) 0.04 18.2 (7.2) 0.04

Albumin* 3 (0.5) 0.02

Lactate* 1.9 (0.9) 0.02 1.9 (1.1) 0.03

BBL
Yes
No

52 (67.5)
25 (32.5)

0.04
14 (56)
11(44)

NS

PPI
Yes
No

40 (51.9%)
37 (48.1%)

Ns
Ns

17 (48.6)
18 (51.4)

0.01

*Median (interquartile range)
VSPR, vasopressors; MELD, model for end-stage liver disease; BBL, β-blockers; 
NS, nonsignificant; PPI, proton pump inhibitors

Table 4 Multivariate analysisa to estimate risk of mortality

Covariates Β HR* 95%CI P-value

MELD score 0.04 1.04 1.004-1.091 0.03

VSPR
None
Terlipressin
Noradrenaline

-
0.80
0.32

1
2.81
2.23

-
1.133-6.969
1.102-7.361

-
0.02
0.04

Lactate 0.17 1.18 1.055-1.331 0.04

HCC
No
Yes

-
0.70

1
2.01

-
1.07-3.787

-
0.02

aCox regression, *Hazard ratio (HR) has been adjusted to age
MELD, model for end-stage liver disease; VSPR, vasopressors; HCC, 
hepatocellular carcinoma; CI, confidence interval
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The majority of our patients were on β-blockers for the 
prevention of portal hypertensive bleeding, whereas only a few 
were on primary prophylaxis for SBP. This can be explained 
by the fact that most of the SBP episodes were community 
acquired. Another confounding factor was that many of our 
patients had alcohol-related cirrhosis, a population with 
pure compliance and adherence to any preadmission care. 
In our study, patients on β-blockers had a lower 6-month 
survival rate. This finding could be attributed to their already 
known advanced portal hypertension. Moreover, patients on 
β-blockers occasionally present with hypotension and renal 
failure in the context of SBP. Our data are in keeping with those 
published from a retrospective analysis of 607 cirrhotics [25], 
which showed that, among the patients with cirrhosis and SBP, 
previous β-blocker use was associated with a greater proportion 
of patients being hemodynamically compromised at the time 
of hospitalization, with higher risk for acute kidney injury or 
HRS. In contrast, an older meta-analysis had shown that there 
is a role for β-blockers in preventing SBP in cirrhotics with 
ascites, independently of the hemodynamic response [26].

The yield of positive cultures was similar to that reported in 
the literature and recently by a single Greek tertiary center [27], 
being most frequent in patients with advanced cirrhosis. There 
was an equal prevalence of gram (+) and gram (-) bacteria; 
this is in accordance with many recent studies. In the past, 
gram (-) bacteria were considered more prevalent in SBP 
and the choice of antimicrobial treatment was targeted only 
against these agents. A  large retrospective study by Friedrich 
et al [28] also showed almost equal prevalence of gram (+) 
and gram (-) bacteria, with third generation cephalosporins 
to offer a poor microbial coverage. Interestingly, piperacillin-
tazobactam was a very effective treatment in this population. 
We found relatively few cases with MDR bacteria, and this 
was almost exclusively in cases with nosocomial SBP. This is in 
accordance with a prospective study of 312 cirrhotic patients 
with bloodstream infections, where SBP was associated with a 
low frequency of MDR organisms [29]. Clearly, the resistance 
profile of the bacteria causing SBP is different in various 
parts of the world. Sunjaya et al reported in 481 consecutive 
patients a quite low yield of positive cultures, but a gram 
(+) organism was isolated in more than 50% of the positive 
cultures. In this cohort there was only 10% resistance to third-
generation cephalosporins  [30]. In a retrospective study of 
160 SBP cases (35% positive cultures) in a single transplant 
center, 45% of bacterial isolates were resistant to ceftriaxone, 
notably in patients with hospital-acquired SBP [31]. Recent 
data from a randomized trial suggests that a combination 
of more advanced antimicrobials, such as meropenem 
plus daptomycin, seems more effective than ceftazidime as 
empiric treatment for nosocomial SBP  [32]. The efficacy of 
empiric treatment was considered as a strong predictor for 
90-day mortality. A retrospective series of cirrhotics with SBP 
reported 42% gram (+) bacteria, including 17% MDR bacteria, 
but importantly resistance to quinolones was 33% [33]. 
Furthermore, a prospective study from a single center in our 
country [34] of 130 cirrhotic patients with SBP or spontaneous 
bacteremia, showed that the presence of high numbers of drug-

resistant isolates was an independent factor for worse outcome. 
A previous smaller study from the same group showed a very 
high resistance rate to third-generation cephalosporins (49%) 
and quinolones (47%), with the majority of isolated bacteria 
being gram (+) [35].

Fernandez et al reported, in a large prospective series 
of cirrhotics, that MDR bacteria are mainly isolated in 
nosocomial infections [36]. However, MDR bacterial infections 
constitute a prevalent and growing problem in patients with 
decompensated cirrhosis or acute-on-chronic liver failure, and 
strategies to prevent the spread of resistance are of paramount 
importance [37]. A  worldwide study of 1302 hospitalized 
patients with cirrhosis showed a high prevalence of MDR 
(34%), with significant geographic variations [38].

The current management of the cirrhotic population 
including prophylactic treatments with norfloxacin, β-blockers 
or other practices, has changed the microbiology of SBP. 
This is obviously related to the origin of SBP (community or 
hospital acquired), the local epidemiology and the resistance 
to widely used antibiotics. The changing epidemiology and 
bacterial resistance profile demand the knowledge of local 
epidemiological indices and the implementation ab initio of an 
empirical effective treatment for SBP.

There has been a lot of debate on the relation of PPIs 
with SBP in cirrhotic patients. Gastric acid suppression and 
a rise in gastric pH facilitate intestinal bacterial overgrowth 
and increase the risk of bacterial translocation, which can 
eventually promote the development of SBP. A  systematic 
review and meta-analysis investigating a possible association 
of gastric acid suppression and the development of SBP found 
a significant, but quantitatively small association [39]. Dam 
et  al analyzed data from 3 1-year trials of satavaptan for ascites 
control [40]. The adjusted HR of SBP for current PPI users 
vs. non-users was 1.72 (95%CI 1.10-2.69). In contrast, several 
other studies did not confirm any association with SBP or any 
other infection or overall mortality [41-44]. PPI use in our 
cohort had no significant correlation with 6-month survival, 
whereas for 12  months there was statistical significance. An 
explanation for this finding is that PPI administration has 
been associated with gut dysbiosis, which could lead to new 
events of decompensation, such as hepatic encephalopathy and 
recurrent episodes of SBP.

Rifaximin is a widely used drug in cirrhotic patients. It 
is an attractive and safe regimen that has been used in small 
studies for cirrhotics with SBP. A  previous study from our 
country showed in a small cohort of decompensated cirrhotics 
that rifaximin was associated with a lower risk of developing 
complications of portal hypertension, including SBP [45]. By 
contrast, a larger study failed to show any benefit from the use 
of rifaximin in relation to the prevention of SBP, despite the fact 
that the species that caused SBP were altered after rifaximin [46]. 
The indication for rifaximin in our patients was prevention of 
hepatic encephalopathy. There was no impact on cultures or 
resistant pathogens. We did not find any statistical correlation 
between rifaximin administration and the outcome of SBP.

In conclusion, in this multicenter prospective study of 
cirrhotics with SBP in Greece, we have shown that MELD score 
and serum lactate on admission are significant prognostic 
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factors for patients’ survival. We have also shown that, at least 
in our hands, vasopressor use, albumin levels and the use of 
β-blockers are significant parameters for the outcome of the 
patients. At the microbiological level, we observed an equal 
prevalence of gram (+) and (-) bacteria, with a small number 
of MDR species isolated in hospital-acquired SBP cases. The 
choice of the appropriate antibiotics should therefore take 
these factors into account, together with local epidemiology 
and resistance profile. Larger studies from different countries 
could provide further important information on this frequent 
and important complication of cirrhosis.
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Summary Box

What is already known:

•	 Spontaneous bacterial peritonitis (SBP) is a 
significant complication in advanced cirrhosis, 
with high mortality

•	 Various factors are implicated in its prognosis
•	 Recent data have challenged older studies 

regarding the prevalence of gram (-) bacteria in 
SBP

What the new findings are:

•	 Model for end-stage liver disease score and lactate 
levels are significant factors for survival in cirrhotic 
patients with SBP

•	 Use of vasopressors, β-blockers and albumin levels 
were important parameters for SBP outcomes

•	 There was an equal prevalence of gram (+) and 
gram (-) bacteria

•	 Multidrug resistant species were few and were 
associated with hospital-acquired SBP
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