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Abstract. Spontaneous bacterial peritonitis (SBP) is a
complication of liver cirrhosis with an increased in‑hospital
mortality rate. For this reason, the aim of the present study
was to examine the main predictors of mortality in order to
be able to identify high‑risk patients in time and to guide
the optimal treatment for prognosis improvement. We retro‑
spectively collected demographic, clinical, laboratory and
treatment data as well as data regarding length of stay and
cost of hospitalization from 72 patients diagnosed with SBP
between January 2010 and December 2019 in the Emergency
Clinical Hospital St. Apostle Andrew, Constanta, Romania.
Patients were divided into two groups: Those who survived
and those who died. Logistic regression was used to identify
a possible association between these factors and the increased
risk of mortality. Univariate analysis revealed that clinical
factors (fever, chills, and hepatic encephalopathy), biological
factors such as serum and ascites leukocyte value, polymor‑
phonuclear percentage (PMN), erythrocyte sedimentation
rate (ESR) value, previous SBP episodes, and the presence
of complications such as acute kidney injury (AKI), sepsis,
and systemic inflammatory response syndrome (SIRS) were
significantly associated with in‑hospital mortality in patients
with SBP. Multivariate analysis revealed that SIRS (P=0.0010)
and fever (P=0.0258) were significantly associated with
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in‑hospital mortality in patients with SBP. Findings of the
present study suggest that, SIRS and fever were independent
predictive factors of mortality in cirrhotic patients with SBP.
Introduction
The mortality trend of liver cirrhosis during the period
1955‑1990 underwent regional variations according to WHO
data. Among the countries with the highest mortality rate were
Chile and Mexico (60/100 000 men and 5/100 000 women)
and at the opposite pole were Canada, the United States
and the countries of South America (5‑17/100,000 men,
3‑5/100,000 women). In the case of European countries,
the United Kingdom, Ireland and the Nordic countries,
the mortality rate was initially low but has shown a steady
increase in recent years. A similar trend occurred in Eastern
European countries in the early 1950s, thus, the highest
mortality rate was recorded in Hungary (57.5/100,000 men
and 22.0/100,000 women), Romania (34.8/100,000 men and
17.1/100,000 women), Czechoslovakia (31.9/100,000 men
and 8.5/100,000 women) and the former Yugoslavia
(22.6/100,000 men and 7.8/100,000 women) (1).
Although mortality has decreased in most countries in the
world, in the United Kingdom and in the countries of Central
and Eastern Europe there is still an upward trend due to the
increasing prevalence of alcohol consumption (2). In the period
1970‑2015, the countries of Southern and Western Europe
recorded a low mortality rate, while the countries of Eastern
and Northern Europe experienced a significant increase (3).
Spontaneous bacterial peritonitis (SBP) is an infection that
occurs in patients with cirrhosis and ascites, confirmed after
excluding other possible causes of infections with in‑hospital
prevalence ranging from 10 to 30%. Initially when it was first
discovered, the mortality rate exceeded 90% but later had a
downward trend with a current rate of 20% (4).
Early diagnosis is a challenge given the varied symptoms
that SBP may have. Therefore, diagnostic paracentesis is
recommended in all hospitalized patients with liver cirrhosis
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and ascites regardless of whether they show signs and symp‑
toms of peritoneal infection (5). The positive diagnosis is based
on a PMN value of >250 mm 3 in the ascites fluid. Positive
culture is not required in the diagnosis of SBP but is useful
in the administration of effective antibiotic treatment (6). It is
known that kidney disease occurs frequently in patients with
SBP and is a good predictor of mortality (7). Patients with SBP
who have creatinine levels ≥2.0 mg/dl during treatment may be
at increased risk of hospital mortality (8). Antibiotic‑resistant
bacteria are also an independent risk factor for mortality (9).
In the present study, we aimed to investigate other risk factors
associated with mortality in patients with SBP.

Results

with SBP, 52 patients (72.2%) had a favorable progression and
20 patients (27.8%) died. In the group of patients who died,
35% were women and 65% were men, with a mean age of
59.5 years. Among the surviving patients 22.7% were women
and 67.3% were men, with a mean age of 60 years.
The average duration of hospitalization in the surviving
patients was 8.0 days and that of the patients who died was
9.50 days. The average cost of hospitalization was similar
in the two groups: 3453 RON in surviving patients and 3651
RON in patients who died.
The proportion of patients who presented with a positive
culture was 58.3%. The most common isolated bacteria were
Escherichia coli, Pseudomonas aeruginosa, and Enterococcus
(33.3, 19.0 and 19.0%, respectively), followed by Klebsiella
(16.7%). In 5 cases (11.9%), Staphylococcus was identified,
and in 3 cases (7.1%), other microorganisms were identified
(Table I).
Regarding treatment, most patients were treated with
third‑generation cephalosporin and quinolones (76.1 and 21.1%,
respectively). In 3 cases (4.2%), vancomycin was administered,
and in 2 cases (2.8%) for other types of antibiotics (Table I).
No statistically significant differences were found
between the two groups in terms of sex, age, length of stay,
cost of hospitalization, culture of ascites fluid or treatment.
Instead, statistically significant differences were found in the
etiology of liver cirrhosis, Child‑Pugh score, symptomatology,
comorbidities and complications (P<0.05) (Table I).
A significantly higher proportion of patients who survived
had the viral etiology C of liver cirrhosis than patients who
died (38.5 vs. 10%). Significant differences were recorded in
the distribution of the Child Pugh score in deceased patients
compared to survived patients in terms of class B and C: (0.0 vs.
36.5, 0.0 vs. 59.6%). In addition, a significantly higher propor‑
tion of patients who died had fever (70 vs. 23.1%, P<0.01),
chills (80 vs. 21.2%, P<0.01), and hepatic encephalopathy (55
vs. 26.9%, P<0.01). Most patients who died had another episode
of SBP (65 vs. 26.9%, P<0.01). Among the comorbidities, only
the renal ones were found at a higher proportion of the patients
who died than in those who survived (45 vs. 21.2%, P=0.06).
Regarding metabolic complications, most patients presented
dyslipidemia, obesity and sporadic increases in blood glucose
without obvious evidence of diabetes (Table I).
The proportion of complications was significantly higher
in patients who died than in those who survived, namely
acute renal failure (65 vs. 21.2%, P<0.01), sepsis (40 vs. 1.9%,
P<0.01), and systemic inflammatory response syndrome (75
vs. 7.7%, P<0.01) (Table I). Significant differences were found
(P<0.05) in terms of laboratory findings and mortality. Patients
who died had higher values of peripheral blood WBC (18.5 vs.
12.5, P=0.000825) and ESR (51.0 vs. 38.0, P=0.004098) but
lower values of serum Na (115.0 vs. 132.5, P<0.01) and alka‑
line reserve (12.0 vs. 23.0, P<0.01) than those who survived. In
addition, the patients who survived had lower values of ascites
leukocytes (542 vs. 2150, P=0.012568) and a lower percentage
of PMN in ascites (71.1 vs. 89.8%, P=0.002023) than those
who died. The data are shown in Table II.

Patient characteristics. Patient characteristics were recorded
by comparison between the groups of patients: Those who
died and those who survived. Of the 72 patients diagnosed

Laboratory findings and mortality
Univariate logistic regression analysis of risk factors associated with mortality in patients with SBP. Using univariate

Materials and methods
Patients. This study was a retrospective, observational, and
non‑interventional. This study was approved by the local
ethics committee no. 27/01.10.2020. The medical files of
72 patients (with a mean age of 59.29±11.2993, 33.3% females
and 66.7% males) with SBP and liver cirrhosis (surviving n=52
and died n=20) of various etiologies hospitalized between
January 2010 and December 2019 in the Emergency Clinical
Hospital St. Apostle Andrew Constanta were studied. Patients
aged >18 years, diagnosed according to European guideline
criteria, i.e., a number of PMN >250 mm 3 in ascites fluid
with or without positive culture (6). Patients with secondary
causes of bacterial peritonitis (peritoneal carcinomatosis,
pancreatitis, tuberculosis) by laboratory analysis and imaging
investigations were excluded. Data regarding age, sex, etiology
of liver cirrhosis, Child‑Pugh score, symptomatology (fever,
chills, abdominal pain, hepatic encephalopathy), laboratory
findings (serum and ascites leukocytes, percentage of PMN
in ascites fluid, ESR, serum sodium, and alkaline reserve),
number of SBP episodes, complications (AKI, sepsis, SIRS),
comorbidities, and ascites fluid culture were recorded.
The current study was approved by the Emergency Clinical
Hospital St Apostle Andrew Constanta Ethics Committee,
number 27/01.10.2020.
Statistical analysis. Data were analyzed using SPSS version
23. Numerical data were synthesized as mean ± standard
deviation or median and quartiles, and qualitative data were
recorded as percentages. Data between the two groups were
tested using the Pearson Chi‑square test, Fisher's exact test and
Mann‑Whitney U test. Univariate logistic regression analysis
was used to compare the two groups. Multivariate logistic
regression analysis was performed to identify predictive factors
of mortality. P<0.05 was considered statistically significant.
Diagnosis of AKI was established by AKIN criteria
(a sudden increase in serum creatinine within 48 h ≥0.3 mg/dl,
a percentage increase in serum creatinine ≥50% or docu‑
mented oliguria <0.5 ml/kg/h for >6 h) (10). Report criteria of
the 7th meeting of the International Ascites Club were used to
diagnose sepsis and SIRS (11).
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Table I. Characteristics of patients enrolled in the study based on mortality outcome.
Category

Total (n=72)

Died (n=20)

Survived (n=52)

P‑value

Age (mean ± SD)

59.29±11.2993
59.5 (53.2-64.0)
60.0 (52.0-68.5)
0.830599
60.0 (52.2-66.5)			
Sex [n (%)]				
0.852404
Female
24/72 (33.3)
7/20 (35.0)
17/52 (32.7)
Male
48/72 (66.7)
13/20 (65.0)
35/52 (67.3)
Etiology [n (%)]				
Alcoholic
44/72 (61.1)
14/20 (70.0)
30/52 (57.7)
0.337297
Viral B
13/72 (18.1)
2/20 (10.0)
11/52 (21.2)
0.329728
Viral C
22/72 (30.6)
2/20 (10.0)
20/52 (38.5)
0.018862
Others
3/72 (4.2)
2/20 (10.0)
1/52 (1.9)
0.184777
Child Pugh [n (%)]				
0.000228
Grade A
2/72 (2.8)
0/20 (0.0)
2/52 (3.8)
Grade B
19/72 (26.4)
0/20 (0.0)
19/52 (36.5)
Grade C
51/72 (70.8)
20/20 (0.0)
31/52 (59.6)
Symptomatology [n (%)]				
Fever
26/72 (36.1)
14/20 (70.0)
12/52 (23.1)
0.000205
Chills
27/72 (37.5)
16/20 (80.0)
11/52 (21.2)
0.000004
Abdominal pain
61/72 (84.7)
19/20 (95.0)
42/52 (80.8)
0.184775
Hepatic encephalopathy
25/72 (34.7)
11/20 (55.0)
14/52 (26.9)
0.000205
SBP episodes [n (%)]				
0.004479
0
40/72 (55.6)
5/20 (25.0)
35/52 (67.3)
1
27/72 (37.5)
13/20 (65.0)
14/52 (26.9)
2
5/72 (6.9)
2/20 (10.0)
3/52 (5.8)
Comorbidities [n (%)]
53/72 (73.6)
17/20 (85.0)
36/52 (69.2)
0.173890
Pulmonary [n (%)]
11/72 (15.3)
2/20 (10.0)
9/52 (17.3)
0.716144
Cardiac [n (%)]
18/72 (25.0)
2/20 (10.0)
16/52 (30.8)
0.068314
Renal [n (%)]
20/72 (2.8)
9/20 (45.0)
11/52 (21.2)
0.068314
Metabolic [n (%)]
13/72 (18.1)
4/20 (20.0)
9/52 (17.3)
0.745657
Digestive [n (%)]
25/72 (34.7)
6/20 (30.0)
19/52 (36.5)
0.601696
Complications [n (%)]				
<0.001
AKI
24/72 (33.3)
13/20 (65.0)
11/52 (21.2)
Sepsis
9/72 (66.7)
8/20 (40.0)
1/52 (1.9)
SIRS
19/72 (96.4)
15/20 (75.0)
4/52 (7.7)
LOS (mean ± SD)
9.79±6.0814
9.50 (7.00‑12.50)
8.0 (5.00‑12.00)
0.26392
9.00 (5.00‑12.00)			
Total hospital charges (mean ± SD)a
3,986.5±2,786.46
3,651 (2,357‑6,353)
3,453 (1,676‑4,828)
0.164701
3,453 (1,920‑5,340)			
Positive culture [n (%)]
42/72 (58.3)
14/20 (70.0)
28/52 (53.8)
0.213022
Escherichia coli [n (%)]
14/42 (33.3)
3/14 (21.4)
11/28 (39.3)
0.313331
Pseudomonas aeruginosa [n (%)]
8/42 (19.0)
2/14 (14.3)
6/28 (21.4)
0.696909
Enterococcus [n (%)]
8/42 (19.0)
5/14 (35.7)
3/28 (10.7)
0.092357
Staphylococcus [n (%)]
5/42 (11.9)
3/14 (21.4)
2/28 (7.1)
0.312580
Klebsiella [n (%)]
7/42 (16.7)
0/14 (0.0)
7/28 (25.0)
0.075183
Others [n (%)]
3/42 (7.1)
2/14 (14.3)
1/28 (3.6)
0.253659
Days of treatment
6.69±2.3294
7.00 (7.00‑7.00)
7.00 (5.00‑9.25)
0.162567
7.00 (5.00‑7.00)			
Antibiotics [n (%)]				
Cephalosporins
54/71 (76.1)
15/20 (75.0)
39/51 (76.5)
1.000000
Vancomycin
3/71 (4.2)
2/20 (10.0)
1/51 (2.0)
0.189485
Quinolones
15/71 (21.1)
3/20 (15.0)
12/51 (23.5)
0.531171
Others
2/71 (2.8)
2/20 (10.0)
0/51 (0.0)
0.076459
Total hospital charges are expressed in the country's currency. SD, standard deviation; SBP, spontaneous bacterial peritonitis, AKI, acute
kidney injury; SIRS, systemic inflammatory response syndrome; LOS, length of stay.
a
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Table II. Laboratory findings based on mortality outcome.
Category
Peripheral blood WBC (103/µl)
ESR (mm/h)
Ascites WBC (/mm3)
% PMN in ascites fluid
Serum Na (mmol/l)
Alkaline reserve (mmol/l)

Total (n=72)

Died (n=20)

Survived (n=52)

14.41±7.0534
18.5 (14.9‑27.5)
12.5 (8.8‑15.2)
13.1 (10.0‑17.7)			
46.16±17.4195
51.0 (42.0‑74.0)
38.0 (32.0‑48.0)
39.5 (34.0‑52.7)			
1,646.6±2,169.9164
2,150 (383‑5,050)
542 (317‑1,079)
629.0 (346.2‑2,152)			
74.23±18.1780%
89.8% (79.1‑94.5%)
71.1% (51.2‑87.3%)
80.0% (57.2‑88.9%)			
128.05±9.9589
115.0 (110.2‑118.0)
132.5 (129.0‑138.0)
130.0 (120.0‑136.7)			
19.85±6.0226
12.0 (10.0‑15.0)
23.0 (19.2‑25.0)
20.0 (15.0‑24.0)			

P‑value
0.000825
0.004098
0.012568
0.002023
<0.001
<0.001

Expressed as median (range). WBC, white blood cell; ESR, erythrocyte sedimentation rate; PMN, polymorphonuclear leukocyte; Na, sodium.

logistic regression analysis, the risk factors associated with
mortality in patients with SBP were fever (OR 7.77, 95% CI,
2.45‑24.65), chills (OR 14.90, 95% CI, 4.13‑53.72), hepatic
encephalopathy (OR 3.31, 95% CI, 1.13‑9.70), serum leuko‑
cytes (OR 1.16, 95% CI, 11.06‑1.27), ESR (OR 1.05, 95% CI,
1.00‑1.09), leukocytes in ascites fluid (OR 1.00, 95% CI,
1.00‑1.01), percentage of PMN in ascites fluid (OR 1.04,
95% CI, 1.00‑1.08), number of previous episodes of SBP
(OR 3.27, 95% CI, 1.36‑7.83), presence of renal comorbidities
(OR 3.05, 95% CI, 1.01‑9.19), acute renal failure (OR 6.92,
95% CI, 2.22‑21.52), sepsis (OR 34.00, 95% CI, 3.87‑298.34)
and systemic inflammatory response syndrome (OR 36.00,
95% CI, 8.55‑151.48). The viral etiology of liver cirrhosis C in
patients with SBP was an exception (Table III).
Multivariate analysis. Significant variables or close to the
significance limit in the univariate analysis were introduced in
the logistic regression analysis. Multivariate analysis identified
two predictors of mortality in patients with hepatic cirrhosis
and SBP (Table IV).
Discussion
In our study, in‑hospital mortality in the period January 2010
and December 2019 was 27.8%, which is similar to the
value reported by Poca et al in a retrospective cohort study
conducted in Barcelona, Spain, 2011‑2001 (12). In their study,
the mortality rate was 28% with the mention that only patients
with SBP and increased risk of adverse events were included.
This means that there has not been a descendant trend in
mortality in the last decade despite the attempt of a prompt
diagnosis and early appropriate treatment.
The univariate analysis of the present study revealed a
statistically significant association between the presence of
renal failure, hepatic encephalopathy and sepsis in patients
with PBS and in‑hospital mortality (65 vs. 21.2, 55 vs. 26.9,
and 40 vs. 1.9%). Additionally, Niu et al in a study conducted
between 2006‑2014 with an increased number of patients
showing that a large proportion of patients who died had these

risk factors compared to those who survived (72.4 vs. 35.3,
34.5 vs. 21.5, and 68.4 vs. 22.6%) (13).
In the study by Bal et al the value of serum leukocytes
was significantly higher in patients who died than in those
who survived (15.17±9.82 vs. 11.86±8.65). However, no
differences were observed in the Child Pugh score between
the two groups (14). In our study, there were differences in
both variables (serum leukocyte value and Child Pugh score)
between patients who died and survived. Specifically, the
group of deceased patients showed also increased average
value of serum leukocytes (8.5 with a range between 14.9
and 27.5) comparative with group of survived (12.5 with a
range between 8.8 and 15.2). Regarding the Child Pugh score,
all 20 patients who died (0.0%) were in class C and only
31 patients were in this class in the surviving group (59.6%).
By contrast, the univariate analysis did not record it as a risk
factor associated with mortality.
Previously, there has been a change in the epidemiology of
microorganisms isolated in ascites fluid of patients with liver
cirrhosis through an increase in infection with gram‑positive
cocci and multi‑drug resistant bacteria (15). Staphylococcus
infection is also associated with an increased risk of mortality
in patients with SBP (16). In our study, Staphylococcus micro‑
organisms were identified in five cases (11.9%) and in three of
these (4.2%) they were methicillin‑resistant and treated with
vancomycin. Of these three cases, only one patient survived.
Given the small number of patients, our study did not identify
the type of microorganisms involved in the occurrence of SBP
as a risk factor for mortality.
The results of the present study are similar to those
recorded by Tsung et al (17) regarding the presence or absence
of culture in ascites fluid and the type of microorganisms
detected. These parameters did not affect the survival rate of
patients with SBP. In their study, 39 patients from 95 (41.1%)
had a positive culture and the most common isolated bacteria
was Escherichia coli (25.5%). In their study, as in our study,
patients with a Child Pugh score ³10 had a lower survival rate
than patients with a Child Pugh score <10 (P=0.019) (17).
Instead compared to their study, we identified an association
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Table III. Univariate logistic regression analysis of risk factors associated with mortality in patients with SBP.
Parameters
Fever
Chills
Hepatic encephalopathy
Peripheral blood WBC (103 µl)
Ascites WBC (/mm3)
% PMN ascites
ESR (mm/h)
Previous episodes of SBP
Renal comorbidities
AKI
Sepsis
SIRS
Viral C etiology

Coefficients

P‑value

OR value

0.000492
0.000036
0.028503
0.000875
0.008195
0.014296
0.016362
0.007682
0.047773
0.000831
0.001461
0.000001
0.030431

0.000205
0.000004
0.000205
0.000825
0.012568
0.002023
0.004098
0.004479
0.068314
0.000408
0.000079
<0.001
0.018862

7.77
14.90
3.31
1.16
1.00
1.04
1.05
3.27
3.05
6.92
34.00
36.00
0.17

95% CI
2.45‑24.65
4.13‑53.72
1.13‑ 9.70
11.06‑1.27
1.00‑1.01
1.00‑1.08
1.00‑1.09
1.36‑7.83
1.01‑9.19
2.22‑21.52
3.87‑298.34
8.55‑151.48
0.03‑0.84

OR, odds ratio; 95% CI, 95% confidence interval; WBC, white blood cell; PMN, polymorphonuclear leukocyte; ESR, erythrocyte sedimentation
rate; SBP, spontaneous bacterial peritonitis; AKI, acute kidney injury; SIRS, systemic inflammatory response syndrome.

Table IV. Multivariate analysis by logistic regression for
mortality prediction.
Variable
SIRS
Fever

OR

95% CI

P‑value

103.68
18.71

6.57‑1,633.76
1.42‑246.06

0.0010
0.0258

OR, odds ratio; 95% CI, 95% confidence interval; SIRS, systemic
inflammatory response syndrome.

between laboratory findings from ascites fluid especially
leukocyte counts and the percentage of PMN and survival of
patients with SBP. Therefore, the deceased patients showed
increased values of these parameters compared to the patients
who survived.
Our results are similar to those of Thuluvath et al in that
there were no differences in the average length of hospital
stay between deceased patients and those who survived (18).
In contrast with their study, there was no difference in the
cost of hospitalization between the two groups in the present
study.
In particular, our study found that a higher proportion
of SBP patients who survived were diagnosed with viral C
cirrhosis (38.5 vs. 10%, P=0.01). This association is novel,
and a hypothesis could be given with the identification of new
effective treatments (direct‑acting antivirals) for which there
is evidence that can improve the histological regression of
liver cirrhosis and this improvement is associated with a better
prognosis (19).
From literature data, sepsis has been shown to be one of
the predictors of mortality in patients with SBP (13,14,17,20).
In the present study, 75% of deceased patients presented SIRS
and required transfer to the intensive care unit. In addition,
most patients presented with fever as an isolated symptom,

in the absence of other criteria necessary to complete SIRS
diagnosis, thus constituting a predictive factor of mortality.
Our study had several limitations in that it was a study
that was performed in a single center, on a small number of
patients and did not provide data on the prognosis of patients
with SBP. In conclusion, clinical and biological parameters,
previous episodes of SBP or the presence of complications
were risk factors for mortality in patients with SBP. However,
the presence of fever as an isolated symptom and SIRS
during hospitalization were independent predictive factors of
mortality.
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