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Spontaneous bacterial peritonitis: pathogenesis, diagnosis, and management
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Abstract

Spontaneous bacterial peritonitis (SBP) is a bacterial infection
of ascitic fluid which arises in the absence of any other intraab-
dominal infection source. SBP may develop in all cirrhotic patients
with ascites. Gram-negative aerobic bacteria and non-enterococ-
cal Streptococcus spp. are the most common organisms isolated
from ascites. Diagnosis necessarily relies on paracentesis and
requires a high index of suspicion. The incidence of mortality of
the first episode varies between 10% and 46%. Early antibiotic
treatment is warranted. Renal impairment develops in approxi-
mately one-third of patientswith spontaneous bacterial peritonitis
and ispostulated to ariseasaresult of afurther reduction in effec-
tive arterial blood volume. Cefotaxime has been the most exten-
sively studied antibiotic for thisinfection. It isconsidered to be one
of the first choice antibiotics because of low toxicity and excellent
efficacy. Although parenteral antibiotics are generally used, stud-
iesevaluated the efficacy of several oral antibioticsin patientswith
relatively good clinical conditions. The reported probability of
spontaneous bacterial peritonitis recurrence one year after the
first attack averaged 40 to 69%. Selective intestinal decontamina-
tion with 400 mg norfloxacin per day decreased the overall
probability of recurrencefrom 68% to 20% in 1 year of follow-up.
(Acta gastroenterol. belg., 2006, 69, 276-282).
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Definition

Spontaneous bacterial peritonitis (SBP) is a bacterial
infection of cirrhotic ascitic fluid which arises in the
absence of any other intra abdominal infection source.
SBP is diagnosed when there is a positive ascitic fluid
culture and an elevated ascitic fluid absolute PMN count
(at least 250 cells/mm?) without evidence of secondary
bacteria peritonitis (1,2). SBP is a common and serious
complication of cirrhosis (3). A neutrophilic count over
250/mm? and a negative ascitic fluid culture is defined as
culture-negative neutrocytic ascites (CNNA) (4).

Prevalence and risk factors

The prevalence of SBP in cirrhotic patients admitted
to the hospital because of ascites averages 10 to 30% (3).
Nearly half of the SBP events are diagnosed at hospital
admission and the others are acquired during hospital-
ization (3,5,6).

Therisk of developing SBP is greater in those with a
coexisting gastrointestinal bleeding, a previous episode
of SBP or low ascitic protein levels (7-12). Long term
prospective studies reported that the probability of first
SBP attack in patients with ascitic protein < 1.0 g/dL
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(see serum-ascites albumin gradient) was 20-43% (11,
13) ; The cumulative probability of any infection during
a single hospitalization for bleeding is approximately
40-45% (14,15). The infection of those with bleeding
may be mediated by shock induced increase of bacterial
translocation from the gut to extra-intestinal sites (16).
Urinary tract infections are also an under-recognized
risk factor for SBP (17). Repeated peritoneal paracente-
sis was proposed as a risk factor for ascitic fluid infec-
tion, but this has not been substantiated in prospective
studies (18).

Poor nutritional status, increased serum bilirubin lev-
els, increased serum AST levels, decreased prothrombin
activity and reduced total protein concentration in ascitic
fluid were commonly associated with first episode of
SBP in cirrhosis with ascites (13). In a study involving
109 cirrhotic patients with low ascitic fluid protein high
serum hilirubin level (> 3.2 mg/dL) and low platelet
count (< 98.000/mm?) independently correlated with the
risk of developing the first spontaneous bacterial peri-
tonitis (19).

Etiology and pathogenesis

All cirrhatic patients with ascites may develop SBP. @
Gram-negative aerobic bacteria and non-enterococcal
Streptococcus spp. are the most common organisms iso-
lated from ascites, in most series (20-23). The most
common isolates are the Escherichia coli, Pneumococci,
Klebsiella pneumoniae and Enterobacteriae (4,6,24-27).
But Gram-positive bacteria are isolated more frequently
during the recent years, which are, in their vast mgjority,
resistant to quinolones (28). Patients on norfloxacin pro-
phylaxis and those submitted to invasive procedures pre-
sented with a higher rate of infections caused by gram-
positive cocci (29).

It is proposed that enteric organisms cross the intesti-
nal mucosal barrier to the mesenteric lymph nodes and
enter the systemic blood circulation via the thoracic
duct (30-32). Animal models have confirmed that bacte-
riad trandocation is involved in the pathogenesis of
SBP (32-34). It has been demonstrated that translocation
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of enteric organisms to mesenteric lymph nodes is
increased in patients with advanced cirrhosis ; selective
intestinal decontamination decreases the incidence of
bacterial translocation to levels seen in non-cirrhotic
patients (35). The prevalence of mesenteric bacterial
translocation was found to be increased by the severity
of cirrhosis. These ratios were found to be 3.4% in Child
A, 8.1% in Child B, 30% in Child C patients, and 4.5%
in the cirrhotic patients undergoing selective intestinal
decontamination, in a study involving 101 cirrhotic
patients (35). It has been proposed that structural and
functional changes due to portal hypertension increases
the bacteria translocation (35,36).

Intracellular functions of PMN and monocytes like
chemotaxis and phagocytosis decrease in proportion with
the liver disease stage, and therefore explain the
decreased clearance of bacteria content of mesenteric
lymph nodes (20). Opsonic activity of ascitic fluid corre-
lates with protein concentration of the fluid (9). Low-
protein ascitic fluid (e.g., <1 g/dL) is particularly sus-
ceptible to SBP (8). Specific etiology of cirrhosis affects
neither SBP development nor the prognosis (37,38). The
entry of neutrophils into ascitic fluid also indicates fail-
ure of peritoneal macrophages to control the infec-
tion (39). Spontaneous decrease of neutrophilic count in
ascitic fluid was observed in sequential paracenteses
(before the initiation of antibiotic treatment) in patients
with CNNA and the culture was negative in the second
specimen (40). Bacterial DNA (most commonly E. coli)
was detected simultaneously in blood and culture nega-
tive ascitic fluid in 32.1% of patients by a polymerase
chain reaction (PCR)-based method (41). It has also been
shown that bacterial DNA can bind to toll-like receptor-
9 of cells of innate immune system and activate them
(42). Runyon BA proposed that the presence of either
whole bacteria or DNA in serum or ascitic fluid would
have consequences (stimulation of immune system,
effector molecules and cytokines) which have impacts on
haemodynamics, renal function and survival (43).
Although culture negativity is commonly attributed to
insensitive culture methods, it could be also speculated
that culture negativity may be due to the bacterial DNA
or fragment which triggers the inflammatory response.

Although the number of bacteria present in an
episode of SBP is very low (3,43-46), they dlicit an
intense inflammatory response. There is a dramatic
increase in the concentrations of polymorphonuclear
leucocytes (PMN) and inflammatory cytokines within
the ascitic fluid. Although these defense mechanisms
aim at defeat the infection, they may be associated with
adverse haemodynamic effects (43-46).

Clinical setting

Patients with SBP have Child-Pugh class B or C cir-
rhosis (47). Classification according to the Child—Pugh
score system in 185 cirrhotics with SBP showed that
22% of the patients were Child B and 74% Child C (5).

277

Patients may present with fever (38.8 to 66%) and
abdominal pain (42 to 73%), but abnormal liver func-
tions or renal impairment may be the only findings (4,5,
23,27,38). However, SBP may be asymptomatic in one
third of the patients (4,48). Deterioration in ascitic fluid
control has been reported in 22.2% of the cases (38). In
a study evaluating 281 SBP episodes, icterus was pre-
sent in 54.5%, hepatic encephalopathy in 50.7%, and
fatigue in 46.7% of the episodes (23).

Diagnosis

Diagnosis must rely on paracentesis. Occurrence of
SBP should be suspected in every ascitic cirrhotic
patient whose condition is worsening and paracentesis
should therefore be performed systematically. Although
the prevalence of SBP is almost very low in asympto-
matic patients presenting with chronic, even tense
ascites, International Ascites Club (IAC) recommends
performing a diagnostic paracentesis on hospital admis-
sionin al cirrhotic patients with ascites, even in patients
admitted for reasons other than ascites(3). Although
peritoneal carcinomatosis, pancreatitis, hemorrhage into
ascites, and tuberculosis can lead to an elevated ascitic
fluid PMN count, most cases of neutrocytic ascites are
caused by infection (39). In patients with hemorrhagic
ascitic fluid (i.e. ascites red blood cell count
>10 000/mm?), PMN count must be decreased at the rate
of 1 PMN per 250 red blood cells. Ascitic fluid total
WBC count alone has low diagnostic value because it
may increase in sterile ascites (49,50) and also may be
influenced by diuretic therapy (50,51).

Because the mortality, clinical signsand symptoms of
patients with CNNA were not different from those of
culture-positive SBP, it has been presumed that CNNA
is similar to SBP (4). It has also been called as culture-
negative SBP (4). It has been suggested that CNNA
could be less severe than SBP (52,53), but this was not
confirmed in other studies (5,54,55). Culture positivity
was not considered necessary for diagnosis of SBP in
many studies (4-6,21,27,38,52,56-58). Thus, diagnosis
of SBPis based on ascitic fluid PMN count, not the cul-
ture in the absence of primary inflammatory abdominal
disease.

The automated blood cell counter for the PMN deter-
mination in ascitic fluid had been compared with the
manua method, which is presently considered as the
“gold standard”. In the study (59), it has been showed
that the automated blood cell counter had a sensitivity of
94% and a specificity of 100% ; positive and negative
predictive values were 100% and 99.1%, respectively.
The possible advantages of automated cell counters are
the availability in case of emergency, the possibility of
providing the results in short times, and alow cost (59).

Despite the use of sensitive methods, ascites culture
is negative in approximately 40% of patients with clini-
ca manifestations suggestive of SBP and increased
ascites PMN count (4,58,60-62). Culture negativity
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reported to be 70-75% of the cases in some studies (23,
38,55). Antibiotic — even single dose — before culture,
conventional culture method and low bacterial load in
ascites of SBP are factors implicated in the quite low
sensitivity of culture in SBP diagnosis (61,63). Gram
stain of the ascitic fluid is most helpful in detecting sec-
ondary peritonitis, but is of little value in guiding the
choice of empirical antibiotic treatment for spontaneous
ascitic infections (39).

Differential diagnosis

Secondary peritonitis should be considered in any
patient with neutrocytic ascites. Clinical symptoms and
signs do not distinguish patients with secondary peri-
tonitis from those with SBP (63). Gut perforation can be
suspected and pursued if a specimen of ascitesis neutro-
cytic and meetstwo of the following three criteria: Total
protein greater than 1 g/dL, glucose less than 50 mg/dL,
and LDH greater than the upper limit of normal for
serum (63). Secondary bacterial peritonitis should be
suspected if ascitic culture yields more than one organ-
ism (especially anaerobes or fungi), or if there is no
response to recommended empirical antibiotics (63).
Ascitic fluid with high bilirubin and amylase concentra-
tions are aso indicative of secondary peritonitis (64).
Ascitic fluid carcinoembryonic antigen (CEA) and aka-
line phosphatase (AP) are also valuable in differentiat-
ing secondary peritonitis from SBP (65). In the study,
92% of secondary peritonitis patients fulfilled at least
one of both predetermined criteria (either CEA > 5 ng/ml
or AP > 240 unitg/l) versus only 12% of SBP patients.
Their use showed a sensitivity of 92% and a specificity
of 88% in differentiating secondary peritonitis from
SBP.

Treatment

Because the mortality of an SBP attack is high, early
antibiotic treatment is warranted. Empirical antibiotic
treatment is recommended after diagnosis of theinfection
and must not depend on delayed culture results (3,37).
The antibiotic of choice must cover common causative
microorganisms, have appropriate pharmacokinetic
characteristics, and be safe.

Cefotaxime, a third generation cephalosporin, has
been the most extensively studied antibiotic in treatment
patients with SBP. It is considered to be the first choice
antibiotic because of low toxicity and excellent efficacy.
Schemes involving lower doses and shorter durations of
cefotaxime in treatment of SBP have been investigated.
The elimination of cefotaxime and its active metabolites
decreases in cirrhotic patients due to the functional renal
failure and failure of liver to excrete and metabolize
xenobiotics. Spontaneous bacterial peritonitis usually
occurs in advanced cirrhotics, and there is low bacterial
load in the infection when compared with other infec-
tions. It is reported that in vitro resistance to cefotaxime
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does not predict SBP resolution (5). In the study cefo-
taxime cured 82% of the cefotaxime resistant SBP cases.

Ampicillin plus tobramycin combinations were com-
monly used until 1985 when Felisart et al. (24) showed
superiority of cefotaxime for the treatment of SBP.
Cefotaxime was more effective in achieving infection
resolution than the combination. Also cefotaxime did
not cause superinfection or nephrotoxicity which
occurred in 19% of the patients receiving combination
therapy (24). Following this study, cefotaximeis consid-
ered as one of the first choice antibiotic in treatment of
SBP (2). Because of possessing an unpredictable vol-
ume of distribution in patients with ascites and high
superinfection or nephrotoxicity rates, aminoglycosides
should be avoided in treatment of SBP (3,39).

In 1991, Runyon et al. (66) compared 5 and 10 day
durations of cefotaxime treatment at the same doses.
They found no differences between the groups in means
of infection resolution, in-hospital mortality, and in hos-
pital recurrence. This study demonstrated that a five-day
course of cefotaxime treatment for SBP is as effective as
the long one.

In 1995, Rimola et al. (58) compared efficacy of
cefotaxime in 143 patients receiving either 2 gram per
12 hours or 2 gram per 6 hours. The rate of SBP resolu-
tion and patient survival were similar in both groups.
This study also showed that undetectable cefotaxime
trough levels of serum and/or ascitic fluid samples were
not associated with poorer outcomes in patients receiv-
ing the low dose. In the light of these facts, IAC recom-
mended cefotaxime for SBP treatment in a minimum
dose of 2 gram per 12 hours and duration of 5 days (3).
The much lower doses were aso used in two new
prospective studies. Thefirst one reported similar results
with low dose of either cefotaxime or ofloxacin for treat-
ment of patients with uncomplicated SBP (67). The
other one compared 2 g/12 h and 1 g/12 h dosages of
cefotaxime in non selected patients with SBP and found
similar results regarding mortality and other complica-
tions (Ozmen et al. *2004 unpublished data). Minor
points of both studies were the low patient number. So
they need to be supported by studies with larger patient
number. Cefotaxime is also effective in patients develop-
ing SBP while receiving quinolone prophylaxis (3,6,68).

A study of 580 episode of SBP reported a significant
increase in strains that were resistant to cefotaxime in
Gram-negative bacilli from 7% in 1995 to 28% in 1999,
and those to ciprofloxacin from 10% to 32% (69). The
frequency of multiple-antibiotic resistance in bacteria
increased from 8.3% to 38.5% in the earlier (1991-95) as
compared to the later (1996-2001) cohort. The mortality
rate was significantly higher in patients with multiply-
antibiotic-resistant bacteria (70). Restricting antibiotic
prophylaxisto patients at high risk of SBP, knowledge of
local bacterial antibiotic resistance, narrowing spectrum
coverage after results of susceptibility, precising role of
non-antibiotic prophylaxis (lactobacillus, bile acids) may
help us to cope with the emerging resistance problem.
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Several studies have been performed to asses the effi-
cacy of other antibioticsfor treatment of SBP (67,71-74).
Because of anarrow bacteria spectrum and a high risk of
superinfection, aztreonam was not considered to be ade-
quate for empirical treatment of SBP (3,72). Ceftriaxone
(73), amoxicillin-clavulanic acid (25,74), and cefonicid
(73) are all used successfully in treatment of SBP. The
results are similar to those obtained by cefotaxime.

Although parenteral antibiotics are generally used to
treat SBP, studies evaluating the efficacy of several ora
antibioticsin patientswith relatively good clinical condi-
tions were performed (6,67,75). Navasa et al. (6) com-
pared ora ofloxacin (400 mg/12 h) and intravenous cefo-
taxime (2 g/6 h) in 123 patients with uncomplicated SBP
(no shock, ileus, gastrointestinal haemorrhage, grade I1-
IV hepatic encephalopathy nor serum creatinine
> 3 mg/dl). Infection resolution rate, patient survival, and
duration of antibiotic therapy were similar in both
groups. But cost of therapy was lower in oral ofloxacin
group. Taskiran et al. (67) assigned 30 cirrhotic patients
with uncomplicated spontaneous bacterial peritonitis to
receive either intravenous cefotaxime (1 g/12h) for
7 days or intravenous ofloxacin (200 mg/12 h) for 2 days
followed by ora ofloxacin (200 mg/12 h) for 5 days.
Resolution rates and hospital survival rates of the cefo-
taxime and ofloxacin groups were similar. Another
study (75) has demonstrated the efficacy of intravenous
ciprofloxacin 200 mg every 12 hoursfor 2 days followed
by oral ciprofloxacin 500 mg every 12 hours for 5 days.

To determine effects of plasma volume expansion on
renal impairment and mortality Sort et al. (57) random-
ly assigned 126 patients with cirrhosis and spontaneous
bacterial peritonitis to receive treatment with either
cefotaximea one or cefotaxime plus an intravenous infu-
sion of albumingiven at a dose of 1.5 g per kilogram of
body weight duringthe first six hours after randomiza
tion, with the infusion repeated at a dose of 1 g per kilo-
gram three days later. Renal impairment developed in
33% of patients in the cefotaxime group and 10% in the
cefotaxime-plus-albumin group. In-hospital mortality
rate was 29% and 10%, respectively. The results of
another study (76) combining ceftriaxone with albumin
infusion for SBP therapy indicates that the beneficial
affects of albumin infusion on systemic haemodynamics
and renal function are related with both improvement in
cardiac function and a decrease in the degree of arterial
vasodilatation.

The resolution of the infection is associated with the
disappearance of all systemic and local symptoms and
signs of infection, reduction of the PMN count in ascitic
fluid below 250/mm?, normal WBC count and negative
ascitic fluid culture (5,53,58,77). The resolution of SBP
iscommonly associated with arapid improvement in the
patient’s general condition. If there is no such rapid
improvement, a follow-up paracentesis is recommend-
ed (78). A decrease less than 25% in ascitic PMN count
48 hours after the beginning of the antibiotherapy
strongly evoques his failure (3). Ascitic fluid shows a
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80% reduction of PMN count and negativation of culture
after 48 hours of adequate antibiotherapy (63). Ascitic
fluid PMN count may be higher than the pre-treatment
value if the control paracentesis is performed before
48 hours of the therapy (63).

Prophylaxis

The incidence of SBP recurrence was reported to be
40-69% at 1year after the first attack (7,10,79).
Selective intestinal decontamination with 400 mg nor-
floxacin per day, decreases the overall incidence of SBP
recurrence at 1 year of follow-up from 68% to 20%. The
probability of the infection recurrence caused by aerobic
gram-negative bacilli decreased from 60% to 3% at
1 year of follow-up (79). In the light of these results
long-term/continuous oral norfloxacin is advised for al
patients recovering from an episode of SBP until resolu-
tion of ascites, transplantation or death (3,78).
Emergence of faecal quinolone-resistant bacteriain cir-
rhotic patients is becoming one of the magjor problem.
Thus, selective intestinal decontamination is a more
appropriate approach for patients with high risk.

A meta-anaysis involving 534 cirrhotic patients with
gastrointestinal bleeding reported that short-term primary
antibiotic prophylaxis for 4-10days significantly
increased the mean percentage of infection free patients
and short-term (19.3 £+ 8.0 days) survival rate (7). Another
study involving total of 120 cirrhotic patients with acute
upper gastrointestinal haemorrhage reported that the inci-
dence of total proven bacterial infection and SBP in
patients receiving primary prophylactic intestinal decont-
amination with ora ciprofloxacin 500 mg per 12 hours
for 7 days decreased significantly from 45% to 10% and
8/60 patients (13.3%) to 2/60 patients (%3.3), respective-
ly (15). Therefore, antibiotic prophylaxis should be
administered to al cirrhotic patients with a gastro-
intestinal haemorrhage whether ascites is present or not.
Oral norfloxacin, 400 mg per 12 hoursfor at least 7 days,
was recommended by the IAC (3) and ord ciprofloxacin,
500 mg per 12 hours for 7 days, by the recent British
Society of Gastroenterology guidelines (80).

For the primary prevention of ascitic infection in
patients with low-protein ascites, prophylactic antibiotic
is recommended to inpatients only (81). The AASLD
guidelines suggest that patients with ascitic protein
< 1 g/dl ought to receive prophylactic antibiotics during
hospitalization (2). The incidence of first spontaneous
bacterial peritonitis after 3 years of follow-up was negli-
giblein patients with ascitic fluid protein content greater
than or equal to 1 g/dl. Therefore, primary prophylaxisis
not recommended in such patients (8,11,13). There is a
lack of consensus of IAC on the necessity of antibiotic
prophylaxis for cirrhotic patients who have never had
SBP and in whom ascitic fluid protein concentration is
low (3). Trimethoprim-sulfamethoxazole has also been
shown to be effective for preventing SBP in an animal
model and in patients (82,83).
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Selective intestinal decontamination encompasses the
risks of inducing antibiotic resistance in gram-negative
flora and promoting overgrowth of gram-positive flora
which have been reported in many studies (70,84-86).
The frequency of multiple-antibiotic resistance in bacte-
ria isolated from cirrhotic ascites increased from 8%
(1991-1995) to 38% (1996-2001) (70). The study
involving 102 E. coli-positive ascitic fluid cultures
reported that norfloxacin prophylaxis and higher preva-
lence of associated immunosuppressive factors
(immunosuppressive drugs, human immunodeficiency
virus infection or cancer) were significantly more fre-
guently seen in the quinolone-resistant group compared
with patients with quinolone-sensitive E. coli SBP (86).
Therefore, primary prophylaxis may be more suitable
only in cirrhotics with high risk factors such as upper Gl
bleeding, low ascitic protein content. Primary prophy-
laxis could also be achieved in more natural ways. Oral
administration of Lactobacillus (87) or conjugated bile
acids (88) to prevent bacterial translocation and SBP are
two of these options.

Complications and prognosis

Mortality of the first episode of SBP varies between
10% and 46% (5,10,27,38,47,55,57,89). Despite the
improvement in short-term survival (0-20% vs. 50-70%)
during the last two decades (20) the long-term prognosis
of cirrhotic patients who survive an episode of SBP
remains poor because of the severity of underlying liver
disease and high rate of recurrence of infection.
Therefore, cirrhotic patients who have recovered from
an episode of SBP should be evaluated for liver trans-
plantation (1,3). Survival after one episode of SBP has
been reported to be very short. The I-year and 2-years
probability of survival were 30-50% and 25-30%,
respectively (20). Mortality of the recurrent SBP has
been reported to be 50% (10).

Lipkaet al. reported that an ascitic fluid PMN counts
>1000/mm® was associated with a mortality rate of
88% (89). Renal impairment was the strongest indepen-
dent predictor of mortality during hospitalization (77).

In-hospital mortality was independently correlated
with  BUN level (5,6,23,38,90-92), Child-Pugh
score (5,23), ascitic fluid PMN cell count (27,38), biliru-
bin levels(38,91), serum aspartate aminotransferase
level (5,55), age (5), presence of ileus (5), the existence
of symptoms (27,38) like abdominal pain (55), commu-
nity-acquired vs. hospital-acquired peritonitis (5), the
presence of upper gastrointestinal bleeding at admis-
sion (27), encephalopathy (6,23), prothrombin rate (27),
serum sodium (27), creatinine (23,27,38,55,91), choles-
terol (27), hypotension (23), lower ascites protein level
(< 1gr/ di) (23), liver disease for longer time (23), devel-
oping superinfection (an infection other than SBP start-
ing during SBP treatment) (23), and higher peripheral
blood leukocyte count (> or = 12000/mm?) (23). But no
association was found between outcome and age, aetiol-
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ogy of liver disease, Child stage, ascitic fluid pH and
culture positivity in another study (38). No microbiolog-
ical data had predictive value for surviva (5,55). The
main causes of death were terminal liver failure and/or
hepatorenal syndrome, gastrointestinal bleeding, and
septic shock (6,38). The relapse was found to be associ-
ated with the Child stage (38), low ascitic fluid protein
concentration (10), high bilirubin (10), and prothrombin
activity (10). The infection resolution rate was 77-90%
for al SBP episodes (5,25,26,38,58). Band neutrophils
in WBC, community-acquired vs. hospital-acquired
peritonitis, BUN, and serum aspartate aminotransferase
level are identified as independent predictors of infec-
tion resolution (5). No microbiological data found to
have predictive value for infection resolution (5). The
mean of antibiotic therapy duration for SBP was report-
ed to be between 5.3 and 10.6 days (5,6,27,58,67,93).

Rena impairment develops approximately in one-
third of patients with SBP and is postulated to arise as a
result of a further reduction in effective arterial blood
volume, mediated by vasoactive cytokines, with a resul-
tant increased renin-angiotensin-aldosterone system
activity (44,77,94). If the rena failure is rapid and pro-
gressive its mortality rate is about 100%, whereas mor-
tality rate of patients with moderate form of renal failure
is 40% (77). If this reduction in effective arterial blood
volume could be limited, the incidence of renal impair-
ment and in-hospital mortality could be reduced. Sort et
al. (57) tested this hypothesis and found that combina-
tion of albumin and antibiotic therapy has reduced renal
failure (33% vs. 10%) and mortality (29% vs. 10%).
BUN level before SBP (26,46,77), serum creati-
nine (46,57), age (77), positive ascitic fluid culture (77),
IL-6 levels in ascitic fluid (46), mean arterial pres-
sure (46), serum bilirubin level during infection (57,77),
plasma renin activity (26), norepinephrine (26), periph-
era vascular resistance (26), hepatic venous pressure
gradient (26), band neutrophils count in blood (77),
lower cardiac output (26), and treatment with cefo-
taxime alone (57) are found to beindependent predictors
for the development of renal impairment in different
studies.

Summary

All cirrhotic patients with ascites may develop SBP
but the risk is greater in those with a coexisting gas-
trointestinal bleeding, a previous episode of SBP or low
ascitic protein levels. Gram-negative aerobic bacteria
and non-enterococcal Streptococcus spp. are the most
common isolates. But Gram-positive bacteria are isolat-
ed more frequently during the recent years. Increased
bacterial translocation and decreased clearance of bacte-
ria is involved in the pathogenesis of SBP. Most of
patients with SBP have an elevated serum hilirubin level
and abnormal prothrombin time, and they usually have
Child-Pugh class B or C cirrhosis. They may present
with fever, abdominal pain, abnormal liver functions or
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renal impairment. However, one third of them may be
asymptomatic. Because the mortality of a SBP attack is
high, early antibiotic treatment is warranted even before
culture results. Its low toxicity and excellent efficacy
makes cefotaxime a first choice for even low doses and
short duration antibiotherapy. Several oral antibioticsare
found to be effective in patients with relatively good
clinical conditions. Considering the high rate of recur-
rence of SBP, selective intestinal contamination should
be discussed considering the prevalence of local bacter-
ial resistances for al patients recovering from an
episode of SBP until resolution of ascites, transplanta-
tion or death. Also, cirrhotic patients who have recov-
ered from an episode of SBP should be evaluated for
liver transplantation.
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