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Introduction

Ascites are the most common complication of decom-
pensated cirrhosis. More than one-half of compensated 
cirrhosis patients will develop ascites within 10 years [1]. 
Large-volume paracentesis (LVP) has been recommended 
as treatment for the patient with ascites that is refractory 

or intolerant to dietary and medical treatments [2,3]. 
Decompensated cirrhosis patients with ascites are prone 
to spontaneous bacterial peritonitis (SBP). It has been 
reported that one-third of hospitalized patients have SBP 
and two-thirds will have a recurrence of SBP in the first 
year. Moreover, SBP is associated with worse outcomes 
in decompensated cirrhosis as it can lead to septic shock, 
renal failure, gastrointestinal bleeding and hepatic enceph-
alopathy with mortality rates up to 50% [4–6].

SBP is diagnosed when ascitic fluid neutrophils (PMN) are 
>250/mm3 which shows high sensitivity while PMN >500/
mm3 has high specificity. However, positive bacterial cul-
ture found in the ascitic fluid is observed in <40% of cases. 
Patients with high PMNs and culture-negative have similar 
outcomes to patients with positive ascitic fluid cultures. Also, 
patients with bacterascitis in which ascitic fluid cultures are 
positive and PMN <250/mm3 are usually asymptomatic, 
likely representing transient ascitic fluid colonization, but in 
symptomatic patients, this could indicate early stage of SBP. 
For that reason, most guidelines recommended using PMN 
>250/mm3 (in the absence of secondary bacterial peritonitis) 
as the diagnostic criteria for SBP [7–11].

Analysis of the ascitic fluid for cell counts, differ-
ential and culture to detect early SBP has been recom-
mended in all symptomatic and hospitalized patients. The 
American Society of the Study of Liver Disease (AASLD) 
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Introduction Spontaneous bacterial peritonitis (SBP) is a common complication of decompensated cirrhosis with high 
morbidity and mortality rate. There is a paucity of evidence regarding the incidence of SBP in asymptomatic liver cirrhosis 
patients undergoing routine out-patient large-volume paracentesis (LVP). The aim of this study was to perform a systematic 
review and meta-analysis to determine the incidence of SBP among asymptomatic decompensated cirrhosis patients 
undergoing routine outpatient LVP.
Methods A systematic search of Ovid Medline, Embase, Web of Science and CENTRAL electronic databases was 
performed in January 2021, along with a manual search of reference lists of retrieved articles. Data were extracted to 
determine the incidence of SBP [polymorphonuclear cells (PMNs) greater than 250 PMNs/mm3 with or without positive 
culture] and the incidence of all positive paracentesis (SBP or bacterascites-positive ascitic culture but no elevation in 
PMNs).
Results A total of 504 studies were retrieved with 16 studies being included in the review. A total of 1532 patients were 
included with a total of 4016 paracentesis performed. The incidence of a positive paracentesis (SBP and/or bacterascitis) was 
4% [95% confidence interval (CI), 3–6%]. However, the incidence of definite SBP was 2% (95% CI, 1–3%).
Conclusion The incidence of SBP in asymptomatic outpatients with decompensated cirrhosis requiring LVP is low. The 
benefit of routine analysis of all paracentesis samples in this population is questionable. Further studies are required to 
determine the cost-effectiveness of routine analysis and to determine if certain subgroups are at higher risk of SBP that 
require routine analysis. Eur J Gastroenterol Hepatol XXX: 00–00
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practice guidelines for ascites management and European 
Association for the Study of the Liver guidelines for 
decompensated cirrhosis recommend fluid analysis for 
new-onset or hospitalized patients with ascites [10,11]. 
The AASLD practice guidelines indicate that patients 
undergoing serial outpatient therapeutic paracenteses 
probably should be tested only for cell count and differ-
ential. Although there are several studies on the routine 
analysis of ascitic fluid on asymptomatic decompensated 
cirrhosis patients undergoing LVP, there has been no sys-
tematic review or meta-analysis examining the incidence 
of SBP among asymptomatic decompensated cirrhosis 
patients undergoing routine LVP.

Methods

Search strategy

From an a priori protocol, the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses reporting 
guidelines were followed. A systematic search was con-
ducted by a clinical librarian with experience in conduct-
ing electronic literature searches (A.L.) in collaboration 
with two other authors (A.A. and M.A.). To identify rel-
evant literature, we searched Medline, Embase, Web of 
Science and CENTRAL electronic databases from incep-
tion to 6 January 2021. In addition, grey literature search 
was performed in two popular web engines Google.ca and 
Google Scholar, conference proceedings, and clinical trial 
registry ‘clinicaltrials.gov’. Furthermore, reference lists 
of relevant papers and reviews were reviewed. The sen-
sitive search strategies were created using a combination 
of keywords and standardized index terms using alterna-
tive spellings and word endings such as but not limited 
to the terms: ‘Spontaneous bacterial peritonitis’, ‘SBP’, 
‘Asymptomatic SBP’, ‘End Stage Liver Disease’, ‘Liver 
Cirrhosis’, ‘Peritonitis’, ‘Paracentesis’, ‘Ascitic Fluid’, 
‘Ascites’, ‘Asymptomatic’, ‘Ambulatory Care’, ‘Outpatient 
clinics’, ‘Hospital’, and ‘Outpatients’. All searches were 
restricted to English language. The electronic search strat-
egies for each database are available in the Appendix, 
Supplemental digital content 1, http://links.lww.com/
EJGH/A717. All relevant studies after removal of duplica-
tion were exported to EndNote X9 bibliographic software 
(Clarivate Analytics, Philadelphia, Pennsylvania, USA).

Study selection

We included any randomized controlled trials and prospec-
tive or retrospective cohort studies that reported on the 
prevalence of SBP among asymptomatic decompensated 
cirrhosis patients undergoing LVP. We excluded: (1) symp-
tomatic patients, (2) paracentesis in the inpatient setting 
or hospitalized patients, (3) pediatric population with age 
<18 and (4) studies published in the non-English language. 
Conference abstracts that provided the same outcome and 
met inclusion criteria were included in our review.

Data abstraction

All identified articles were screened independently by two 
reviewers (A.A. and M.A.), first through title and abstract 
screening, then full-text screening. In the case of failure to 
achieve consensus, a third reviewer adjudicated and made 

the final determination (M.B.). Data were extracted from 
eligible studies independently by two reviewers (A.A. and 
M.A.) and preceded by piloting the data collection doc-
ument. Disagreements were resolved by consensus and a 
third reviewer (M.B.). Study quality assessments tool is 
not applicable in our analysis due to the nature of our 
study. Data extraction included the following variables: 
publication information (EndNote reference number, 
name of first author, year of publication, country study 
conducted in), sample size, age, etiology of cirrhosis, sex, 
number of patients with SBP or Bacterascitis. There was 
no protocol deviation.

Outcomes assessed

Our primary outcome of interest was the proportion of 
paracentesis positive for SBP, defined as absolute neutro-
philic count >250 with/without positive ascitic culture, 
formally known as culture-negative neutrophilic ascites 
among asymptomatic decompensated cirrhosis patients 
undergoing routine LVP. Secondary outcome for the pres-
ent study was to evaluate the proportion of all positive 
paracentesis (SBP+Bacterascitis).

Statistical analysis

The proportion of positive tests was pooled and meta-ana-
lyzed to obtain an average estimate and 95% confidence 
interval (CI). Meta-analyses were conducted in Stata 13.0 
using the metaprop command, exact CIs, the Freeman–
Tukey double arcsine transformation, and random effect 
models to account for methodological and clinical hetero-
geneity (Nyaga et al., 2014) [12]. Statistical heterogeneity 
was assessed using the I2 statistic (Higgins et al., 2003) 
[13]. Lastly, publication bias was evaluated using funnel 
plots for proportions in SAS 9.4 (Higgins et al., 2007) 
[14]; specifically, the plot was visually inspected for asym-
metry around the average proportion (Spiegelhalter, 2008) 
[15].

Results

A total of 499 studies were identified through electronic 
database searches and an additional five records through 
supplementary sources from reviewing citing papers 
and reference lists of selected relevant studies; 419 titles 
and abstracts were screened after duplicate articles were 
removed; 38 full-text articles and conference abstracts 
were reviewed for eligibility and 16 were included [16–
31]. Two articles [31,32] had similar results and data; the 
author and journal were contacted but did not respond. 
To avoid data duplication, we included the results of the 
first article [31] and excluded the second article [32] as a 
duplicate (Fig. 1).

Table 1 represents a summary of the studies included 
and patient characteristics. Included studies were pub-
lished between 1994 and 2019. Three publications were 
retrospective studies (16, 19 and 27). Six of the publi-
cations were conference abstracts (16, 17, 22, 25, 27 
and 28). The age range for the patients was 29–92 years 
based on the available data. The total number of patients 
was 1532. The most common etiology of cirrhosis was 
alcohol and viral hepatitis. Patients were predominantly 
males.

http://links.lww.com/EJGH/A717
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The total number of paracentesis included was 4016. 
There were 141 patients with SBP and 42 patients with 
bacterascitis. Of the identified studies, the proportion of 
SBP positive paracentesis ranged from 0 to 12%, and the 
proportion of SBP and/or bacterioascitis positive paracen-
tesis ranged from 0 to 24%. Combining the studies, the 
overall incidence of SBP was 2% (95% CI, 1–3%), and the 
overall incidence of all positive fluid analysis (SBP or bac-
terascitis) was 4% (95% CI, 3–6%) (Fig. 2). Results were 
similar when studies published in abstract form only were 
excluded (2%, 95% CI, 1–4% and 5%, 95% CI, 3–7%, 
respectively). There was considerably heterogeneity in the 
results (I2 = 80 and 79%, respectively) and funnel plots 
(Fig. 3) did not suggest the presence of publication bias.

Discussion

SBP is a common complication among decompensated cir-
rhosis patients and can present with symptoms (abdominal 
pain, tenderness, nausea and vomiting), hepatic encepha-
lopathy, acute on chronic liver failure, shock and/or gas-
trointestinal bleeding [19,33,34]. Previously, the mortality 
rate from SBP was up to 90% but with early diagnosis and 
treatment, survival has improved significantly [35]. The 
rate of asymptomatic SBP among decompensated cirrhosis 
patients has been reported to be low, and to our knowl-
edge, this is first systematic review and meta-analysis 

looking at the rate of SBP among asymptomatic decom-
pensated cirrhosis patients undergoing LVP [9].

Several studies have shown the rate of SBP among 
decompensated cirrhosis patients undergoing outpa-
tient paracentesis to be low (0–4%). Other studies have 
reported higher rates of SBP (8–10%) but this could be 
affected by the low rates and non-consecutive number of 
paracentesis (37, 80 and 86, respectively) [24,30,31]. Our 
analysis included more than 4000 paracenteses in 1532 
patients, and the reported rate of SBP among asympto-
matic decompensated cirrhosis patients undergoing rou-
tine LVP was 2% (95% CI, 1–3%). Bacterascitis with 
PMN <250/mm3 might be transient or represent early SBP. 
Positive paracentesis (bacteriascitis and/or SBP) among the 
decompensated cirrhosis patients in our analysis was still 
low (4%). Conversely, the rate of SBP among hospitalized 
patients has been reported in previous studies to be up 
to 30% [36–38]. However, these are inherently different 
populations and the differences in the reported incidence 
of SBP can be explained by selection bias relating to the 
need for hospitalization due to factors such as worsening 
liver disease, gastrointestinal bleeding and previous SBP, 
which all increase the risk of SBP [4–6].

Multiple societies recommend using antibiotics proph-
ylaxis in decompensated cirrhosis patients with acute gas-
trointestinal bleeding, primary prophylaxis in the patients 
with low total protein content in the ascitic fluid and in 

Fig. 1. Flowsheet of study selection.
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the patient with previous SBP as secondary prophylaxis 
[10,11]. Primary prophylaxis in patients with low ascitic 
fluid protein and advanced liver disease or impaired renal 
faction has shown to improve survival by 3 months and 
reduces the risk of SBP and hepatorenal syndrome up to 
1 year [39]. Patients with an episode of SBP have a recur-
rence rate up to 70% in 1 year with a survival rate of 
30% at 2 years [10]. Using prophylactic antibiotics after 
an episode of SBP has been shown to reduce the recur-
rence of SBP in many studies [40,41]. Most of the studies 
in our analysis excluded patients on prophylactic antibiot-
ics; however, the two studies which included a proportion 
(37%) of patients on prophylactic antibiotics did not show 
a statistically difference between those who were on anti-
biotics versus those who were not [20,28]. Therefore, most 
asymptomatic decompensated cirrhosis patients undergo-
ing routine outpatient LVP may not require routine fluid 
analysis regardless of their antibiotic prophylaxis expo-
sure unless clinical factors (fever, abdominal pain, etc.) 
and laboratory markers (increasing WBC, declining renal 
function, etc.) would result in a change in management.

Another important consideration is cost-effectiveness 
of obtaining routine cell counts in asymptomatic patients 
with ascites. Although there is no additional procedural 
risk for the patient. in the USA, reimbursement through 
Medicare and Medicaid, fluid analysis for cell counts costs 
5.6 US dollar (USD) and aerobic and anerobic fluid cul-
ture costs 8.62 and 9.47 USD, respectively [42]. Based on 
the rate of SBP in our analysis, 100 ascitic fluid paracen-
tesis would be needed to detect one episode of SBP which 
would cost around 560 USD. The detection of one positive 
ascitic fluid (bacteriostatic and/or SBP) would require 25 
ascitic fluid paracentesis at a cost of 614.75 USD. These 
direct laboratory reimbursement costs do not account 
for additional costs, for example, related to location 
(for example, hospital-based ambulatory care), staff and 
equipment. Furthermore, patients refractory or intolerant 
to diuretics often have frequent repeat paracentesis and 
have fluid analysis requested as a routine. Our findings 
suggest that fluid analysis for SBP could be deferred in 
most cases, and continue to be based on clinical assess-
ment or appearance of the ascites fluid (such as cloudy or 

Fig. 2. Proportion of patients with positive fluid analysis. SBP, spontaneous bacterial peritonitis.

Fig. 3. Funnel plot of publication bias.
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bloody appearance) in otherwise asymptomatic patients. 
A formal cost-effectiveness analysis accounting for these 
factors would help address this issue.

Our study has many strengths. This is the first system-
atic review and meta-analysis of outpatient LVP among 
decompensated cirrhosis patients. Our literature search 
was broad and inclusive with clearly defined inclusion 
and exclusion criteria. Given the large sample size, we 
were able to provide a precise estimate of SBP in outpa-
tients undergoing LVP. However, within this context, we 
must also highlight several limitations. First, due to the 
incidence nature of our study and the inclusion of con-
ference abstracts, there was a lack of quality assessment 
tools. Second, important laboratory variables (i.e. MELD 
score, total protein in ascitic fluid, etc.) were difficult to 
pool in this analysis due to heterogeneity in reporting 
in the included studies. Lastly, although there was sta-
tistical heterogeneity in the studies included there was 
no clinical heterogenicity with clear inclusion and exclu-
sion criteria. However, there is insufficient data for us 
to extrapolate our findings to certain higher-risk groups 
such as patients with prior SBP and upper gastrointesti-
nal bleeding.

Conclusion

This meta-analysis shows that the rate of SBP among 
asymptomatic decompensated cirrhosis outpatients under-
going LVP is very low and questions the clinical utility of 
obtaining routine ascitic fluid analysis among asympto-
matic patients. Moreover, it is likely not cost-effective, but 
this requires further modeling.
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