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ABSTRACT

Spontaneous bacterial peritonitis (SBP) is the most frequent infection in patients with cirrhosis.

It is associated with high mortality at admission and its occurrence alters the natural course

with a high 1 year mortality. Presence of > 250 polymorphonuclear cell (PMN)/mm3 in the

ascitic fluid is diagnostic of SBP. SBP is usually treated with IV antibiotics using third generation

cephalosporins and fluoroquinolones. However, despite effective initial treatment subsequent

recurrence of SBP with its accompanying mortality has resulted in use of long term antibiotic

prophylaxis and such patients are recommended for liver transplant. An increased frequency

of multidrug resistant bacterial SBP has recently been recognised with use of prophylaxis and

is associated with enhanced mortality. Further, cirrhotics get repeated hospitalisation and

ICU care leading to nosocomial infection causing SBP. Therefore, frequency of multidrug

resistant bacteria induced SBP among the above settings has increased and the relative risk

(RR) of mortality with bacterial resistance has been estimated to be 4 times higher than in

patients with SBP without bacterial resistance. Therapeutic approach in such patients at

present is a clinical challenge and they are difficult to treat patients. Therefore, SBP can be

categorized into community acquired and nosocomial/ multidrug resistant SBP.
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Introduction

Spontaneous bacterial peritonitis (SBP) is defined as ‘bacterial

infection of ascitic fluid and peritoneum in patients with ascites

in absence of any intra abdominal source of infection or

malignancy’.1-4 It is a frequent complication of decompensated

cirrhosis with a prevalence of 10-30%1 in hospitalized patients

and in about 3.5%2 of out-patients who are usually

asymptomatic.  Once SBP develops, the prognosis of cirrhosis

worsens. The median mortality during first episode of SBP has

been reported to be around 30%3 (range 10-50%) and in such

patients the median mortality at 1 year is reported to be about

66% (range 30-90%). Therefore, once a patient recovers from

the 1st episode of SBP, he is advised to undergo liver transplant.

However, the mortality associated with 1st episode of SBP, has

reduced considerably during the last decade due to the

awareness and identification of high risk cirrhotics likely to

develop SBP, its early diagnosis and effective antibiotic

strategy. Recurrence of SBP is high. Therefore primary and

secondary prophylaxis using appropriate antibiotics is

recommended. However, in such patients, recent recognition

of SBP with multidrug resistant bacteria has been associated
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with very high mortality and they are difficult to treat due to

the presence of bacteria nonresponsive to community used

antibiotics (Clinical course of  multidrug resistant  SBP has

been depicted in Box 1).

Box 1 : Clinical Scenario of multidrug resistant SBP A 45 years

old male, decompensated HBV cirrhosis (HBsAg+, HBeAg-,

Anti HBeAb+, HBV DNA >105 IU/ml), Child score 9 on

treatment with tenofovir, was admitted with upper GI bleed

and hemodynamic instability. Post endotherapy, on same day

he developed fever and pain abdomen. Investigations

revealed haemoglobin 7gm/dl, TLC 15,000/mm3 (N78L20),

Ascitic fluid evaluation: PMN 560/ mm3, SAAG: 1.9g/dl and

culture sent. Blood culture was also sent. He was admitted to

ICU and started on IV cefotaxime (empirical) and albumin

(adjuvant). He improved symptomatically in 2 days, repeat

ascitic fluid (48 hours): PMN: 80/ mm3, culture was sterile

(response). He was discharged after 5 days of IV antibiotics.

Norfloxacin was prescribed for prophylaxis, tenofovir

continued and he was listed for liver transplant. He was

readmitted 6 months later with pain abdomen and Grade I

Hepatic Encephalopathy (HE), Child Score 10, serum creatinine

1mg/dl, MELD 16. He received cefotaxime prior to coming to

the hospital. Ascitic fluid evaluation: 400 PMN/ mm3, ascitic

fluid and blood culture sent on day of admission. He was

continued on cefotaxime, he developed fever on day 2, repeat

ascitic fluid cell count (48 hours): 600 PMN/ mm3, culture:

ESBL +ve E. coli (sensitive to imipenem and meropenem,

resistant to cefotaxime, ciprofloxacin and ceftazidime). The

antibiotics were changed as per the culture reports and he

was started on imipenem. His clinical condition worsened,

developed severe sepsis with worsening renal function

(creatinine 2.5 mg/dl). He developed septic shock and

succumbed on day 6 .

The important issues in SBP as a clinical entity include the

clinical presentation, diagnosis, risk factors, and management

(empirical/specific antibiotic treatment, response evaluation,

adjuvant albumin treatment and prophylaxis). The recent

documentation of multidrug resistant bacteria causing SBP

nonresponsive to recommended empirical antibiotics, and

associated high mortality, is the reason why we have used the

term ‘Difficult to treat SBP’ for such cases about which most

guidelines are silent.4 In this review we will be highlighting the

above mentioned issues.

Clinical presentation

The clinical presentation is variable, is inadequate for diagnosis

of SBP and can be categorized into 3 groups: 1) clinical features

of peritonitis (e.g. pain and tenderness in the abdomen, fever

and increase in gastrointestinal motility) 2) clinical and

biochemical deterioration of hepatic and renal function 3)

asymptomatic/ aggravation of constitutional symptoms

(detected in out-patients in 3-4% of cirrhotic ascites). Therefore

all recommendations (International Ascitic club5, AASLD6 and

EASL7) recommend that all cirrhotic patients with ascites should

have routine diagnostic paracentesis irrespective of clinical

features and suspicion of SBP.

Pathogenesis

The gut flora and bacterial translocation (BT) play an important

role in the pathogenesis of SBP. The translocation of bacteria

from the intestine to mesenteric lymph nodes occurs normally.

Whenever this physiological phenomenon of BT increases in

rate or severity it leads on to bacteremia and subsequent

colonization of ascitic fluid. In addition, invasive procedures

can lead to nosocomial SBP. E. coli, Klebsiella pneumonia and

streptococci are the commonest organisms responsible for SBP.

The factors leading to increased BT8 in cirrhosis include: (i)

alterations in gut microflora (ii) increased intestinal permeability

and (iii) deficiency of local immune response.

Diagnosis

There is uniform agreement amongst clinicians all over the

world that ascitic fluid polymorphonuclear count (PMN) > 250/

mm3 is adequate to diagnose SBP.6 In the event of a traumatic

paracentesis (hemorrhagic ascitic fluid) it has been arbitrarily

suggested that for each 250 RBC, 1 PMN needs to be subtracted

to assess the accurate number of PMN present in the ascitic

fluid. Recently automated counters have been shown to provide

results within minutes at low cost.

Leukocyte esterase strips which detect leukocyte esterase

in activated PMNs have been tried to provide immediate

diagnosis of SBP, but have unacceptable false negative rates9.

Detection of bacterial DNA in the ascitic fluid using various

techniques has been proposed with an aim to identify type of

bacteria and therefore possible use of more appropriate

antibiotics10. However, presence of bacteria in ascitic fluid and
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serum does not necessarily predict the development of SBP

and bacterial infection. Further, most studies in SBP have

documented gram negative bacteria (predominantly due to E.

coli and Klebsiella sp) as the causative agent subsequent to

small intestinal bacterial transmigration through mesenteric

lymph nodes8.

Many other markers have also been described to diagnose

SBP which include ascitic fluid pH, lactate, arterial-ascitic fluid

lactate gradient, ascitic fluid LDH. However, none of these

markers are superior to ascitic fluid PMN count > 250/mm3 in

diagnosing SBP. Lactoferrin is released by PMNs in the ascitic

fluid. A cut off level of 242 ng/ml, predicts the diagnosis of SBP

with 95% sensitivity and 97% specificity.11 These studies

involved a small number of patients; more data is required

before incorporating these tests into routine clinical practice.

Ascitic fluid and simultaneous blood culture have been

recommended by all recommendations despite the fact that

conventional culture may not detect bacteria in about 65% of

patients (culture negative neutrocytic ascites - CNNA).

Recently, non radiometric (colorimetric-Bac-T/ALERT) systems

have been used to detect bacterial growth in a shorter time12.

Bed side inoculation of ascitic fluid into blood culture bottles

has been documented to improve culture yield in up to 80% of

such patients13. Ascitic fluid culture provides a guide to specific

treatment. Collation of type of organism and their sensitivity

pattern from such patients in a particular set up provides

opportunity for selecting appropriate antibiotics. Such

information in an individual centre or region is important

because, empirical antibiotic therapy is usually recommended

once SBP is diagnosed by documenting ascitic fluid PMN >

250/mm3 and culture reports of ascites and blood are usually

not available at this time. However a positive blood culture

with ascitic fluid culture in patients with SBP would indicate

increased bacterial load and therefore may indicate worse

prognosis in such patients.

Risk factors

All cirrhosis patients with ascites do not develop SBP. The

development of SBP is associated with poor outcome. Therefore

identification of patients at high risk for developing SBP may

assist clinicians in monitoring these patients more aggressively.

Antibiotics for primary prophylaxis have been found to be

beneficial in these high risk patients even though their role

remains controversial. These risk factors can be categorized

into (i) clinical and biochemical parameters (ii) genotypic factors

(iii) iatrogenic factors.

(i) Clinical and biochemical risk factors

Presence of ascites with ascitic fluid protein of < 1.5 gm/dl14,

low ascitic fluid C315, poor liver function (each point increase

in the MELD score increases the risk of developing SBP by

11%)16, hyperbilirubinemia (>3.2mg/dl), low platelets (<98,000/

mm3)17 and occurrence of variceal bleeding have been identified

as risk factors for development of SBP. The cumulative

probability of infection during a single hospitalization for

bleeding is approximately 36%.18

(ii)Genotypic risk factors

MCP-1 (Monocyte chemotactic protein-1)19, NOD220 and TLR2

polymorphisms21 have been recently described to be more

frequently associated with occurrence of SBP. These are well

known components of innate immune system in the peritoneal

cavity and their suboptimal response to clear infection from

the peritoneal cavity subsequent to transmigration of bacteria

from small intestine through the mesenteric lymph nodes has

been described to be a definitive risk factor for development of

SBP.

(iii) Iatrogenic risk factors

Use of proton pump inhibitors is known to cause small

intestinal bacterial overgrowth (SIBO)22 which has been

identified to be associated with increased risk for developing

SBP. Any invasive procedure in patients with cirrhotic ascites

may also predispose them for development of SBP.

In contrast, beta-blockers may protect against SBP. A recent

meta-analysis included 3 each of RCTs and retrospective

studies. There was a statistically significant difference of 12.1%

(P<0.001) in favour of propranolol in preventing SBP23.

Management

In the earlier section, early diagnosis of SBP with an aim to

institute specific treatment at the earliest has been emphasized.

With the establishment of diagnosis of SBP by documenting

ascitic fluid PMN > 250/mm3, empirical antibiotic treatment is

uniformly recommended as culture results are not available at

this time. Recently it has been documented that site of

acquisition of the bacteria causing SBP may influence response

to antibiotic treatment. Nosocomially acquired SBP (indicated

by previous ICU stay, previous antibiotic use, infection

acquired by interventions in hospital) in contrast to community
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and quinolones has been documented in 40-50% of such cases.

In some series MRSA has been isolated in about 27% of the

patients26. Up to 30% of the Enterobacteriacae isolated from

such patients have been shown to be ESBL positive. These

bacteria are resistant to recommended empirical treatment using

3rd generation cephalosporins, fluoroquinolones and

amoxicillin-clavulanate and are associated with treatment failure

accompanied with high mortality.

A recent metaanalysis indicates that the relative risk (RR)

of mortality in such patients with resistant bacteria is 4 times

over those without such resistant bacteria27. Despite the fact

that most guidelines are silent on the choice of empirical

antibiotic in such nosocomial SBP patients, local argument

based on the available information would suggest use of

antibiotics whose sensitivity is preserved in that particular

region or centre (this information is usually based on the

antibiotic sensitivity pattern available in the particular setup

or region). In Europe, the sensitivity of carbapenems and

glycopeptides is preserved amongst most Gram –ve bacteria

and Gram +ve bacteria respectively. Therefore, certain experts

from this region recently have suggested that in nosocomial

SBP the 1st line empirical antibiotic of choice should be

carbapenem, and should be replaced if necessary with the

availability of culture and sensitivity of the ascitic fluid. Figure

1 highlights a simplified approach to management of SBP.

3) Response evaluation

At the end of 48 hours of antibiotic treatment if ascitic fluid

PMN (A-PMN) has not decreased by at least 25% from the

pre-treatment A-PMN value, it is better to change antibiotics

based on the culture and sensitivity report of the ascitic fluid

which is usually available by this time. However, this

recommendation by the International Ascites Club5 is arbitrary

and is based on the documentation of reduction of A-PMN by

25% in > 90% of survivors versus < 70% in non-survivors with

SBP. Further, PMN half life is about 24 hours and therefore lack

of adequate reduction in A-PMN at the end of 48 hours of

therapy may suggest continuous influx of PMN to the peritoneal

cavity due to persistence of infection.

4) Duration of antibiotic therapy

Antibiotic therapy can be discontinued after A-PMN is < 250/

mm3. Comparative studies have reported that 5 days’ and 10

days’ antibiotic treatment have similar efficacy28. Rather,

acquired SBP is more frequently associated with ESBL +ve

enterobacteriacae and therefore has been reported to be

associated with poor response to empirically recommended

antibiotics with subsequent high mortality. Unfortunately, none

of the guidelines distinguish the nosocomial and community

acquired SBP for the empirical antibiotic approach after the

diagnosis.

Nosocomial acquired SBP which is resistant to presently

recommended empirical treatment and all patients with SBP

having high risk factors for higher mortality (severe liver

dysfunction and renal dysfunction at diagnosis of SBP) should

be termed as ‘Difficult to treat SBP’. This terminology is

justified because these subgroups of patients with SBP have

been documented to constitute the majority of the patients

with treatment failure and consequent increased mortality.

Management of both community acquired as well as nosocomial

SBP is discussed below.

1) Treatment in community acquired SBP

In patients with SBP without history of previous

hospitalization, interventions or prior antibiotic treatment; Gram

–ve bacteria, almost exclusively Enterobacteriacae have been

isolated. Even though almost 70 various isolates have been

identified in patients with SBP. E. coli and Klebsiella sp

constitute most of the isolated bacteria in such patients. Several

antibiotics have been used in these patients with similar

efficacy, which includes cefotaxime, other 3rd generation

cephalosporins, quinolones and amoxycyllin-clavulanate. In

patients with GI bleed (an important risk factor for SBP) and in

those without associated complications (e.g. encephalopathy,

renal dysfunction, shock, ileus etc) oral fluoroquinolones have

been shown to provide adequate therapeutic response.

2) Treatment of nosocomial SBP (difficult to treat)

Even though consensus definition of nosocomial SBP is lacking,

most clinicians suggest that nosocomial SBP should be

suspected when a patient who is diagnosed to have SBP has a

history of ICU stay during the previous 3 months, or was on

prophylactic antibiotics for infection or had antibiotic treatment

during previous 3 months or had a recent intervention in the

hospital setting. Recent reports on SBP (published from 2009-

2012)24,25 indicate that a quarter of organisms isolated from the

nosocomial SBP patients are resistant to multiple commonly

used antibiotics. Resistance to 3rd generation cephalosporins
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antibiotic therapy should be guided by A-PMN monitoring

after 48 hours of initial institution of antibiotic treatment.

5) Adjuvant use of intravenous albumin infusion (Difficult to

treat)

Multivariate analysis in various studies on SBP have clearly

documented independent predictors of mortality which include

(i) severity of liver dysfunction indicated by serum bilirubin >

4mg/dl, (ii) renal dysfunction indicated by blood urea > 30mg/

dl and serum creatinine > 1.2 mg/dl, (iii) nosocomial source of

SBP, (iv) severe sepsis as indicated by positivity of both blood

as well as ascitic fluid (suggests increased bacterial load) and

(v) hemodynamic instability.

Among all these parameters, severity of liver dysfunction

(bilirubin > 4mg/dl) and renal dysfunction (blood urea e” 30

mg/dl) have been identified as predictors of death despite

antibiotic treatment in most studies. In such patients

intravenous albumin (1.5mg/kg on day 1 and 1mg/kg on day 3)

has been found to be of benefit. With use of IV albumin as

adjuvant, in these patients the frequency of renal failure has

been documented to decrease from 33% to 10% and 3 month

mortality decreases from 29% to 10%29. In contrast, the

frequency of renal failure and 3 months mortality in those

without the high risk parameters for mortality has been reported

to be 0-4.7% and 0-6.5% respectively and IV albumin as

adjuvant to antibiotics did not influence the outcome. However,

in unselected patients with SBP, 10 gm of IV albumin/day for 3

Figure 1: Approach to management of SBP
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days has been reported to reduce the pro-inflammatory

cytokines like IL-6 and TNF-á in blood and ascitic fluid as well

as NO in the blood30 (which decrease the systemic vascular

resistance with consequent up-regulation of plasma rennin-

angiotensin pathway which are believed to cause efferent renal

artery vasoconstriction with decrease in GFR). Further studies

are therefore needed to evaluate the role of low dose IV albumin

in difficult to treat SBP patients.

6) Role of primary and secondary prophylaxis in SBP in view

of recently described nosocomial SBP

Most guidelines and experts suggest use of prophylactic

antibiotics in patients of cirrhosis with gastrointestinal bleed

and in patients who have recovered from 1st episode of SBP4 .

For such secondary prophylaxis, strongest evidence exists for

norfloxacin31. However duration for such prophylaxis is unclear,

because most studies provide the duration and follow up of

one year. Because liver transplant is recommended in such

patients, the relevance of prolonged secondary prophylaxis

beyond one year may not be relevant in the western developed

country due to better and coordinated access to liver

transplantation. The access to liver transplantation in South

Asia and in other developing countries is yet limited and

therefore, alternative treatment strategies are needed to prevent

SBP in the above patients in the long term. Use of rifaximin (a

non absorbable antibiotic with efficacy against gram negative

enterobacteriacae and lower frequency of resistance), probiotics

and antibiotic recycling needs evaluation in these regional areas

to evaluate their efficacy in prevention of second episode of

SBP.

In contrast to secondary prophylaxis, primary prophylaxis

using antibiotics in those patients with high risk for

development of SBP (low protein ascites < 1.5 gm/dl) remains

controversial. Eight randomized control trials (RCTs) have been

conducted to evaluate the role of primary prophylaxis in SBP.

Two meta-analysis also have been published on this issue

with conflicting conclusions. However, a recent meta-analysis

which included only three high quality RCTs supports use of

quinolones in preventing the first episode of SBP4. Despite

these evidences, most experts do not recommend routine use

of primary prophylaxis in cirrhosis with low protein ascites,

unless an additional risk factor for development of SBP exists

(e.g. CTP score > 9, bilirubin > 3mg/dl, serum creatinine > 1.2

mg/dl, serum sodium < 130 meq/L, blood urea > 25mg/dl)32. The

apprehension for development of multi-resistant bacteria has

resulted in such a cautious approach.

Conclusions

• SBP is a frequent infection in cirrhosis, responsible for 10-

30% of all bacterial infections

• Associated with a high in-hospital mortality (30%), as well

as 1 year mortality of 50-60%

• Clinical judgement does not rule out SBP. All cirrhotic

ascites should have diagnostic paracentesis

• High risk patients with SBP can be identified for primary

prophylaxis using fluoroquinolones (GI bleed/ low protein

ascites, poor liver function, ‘! MELD)

• Difficult to treat SBP:

a) Community acquired with risk of developing renal

dysfunction: cefotaxime and albumin

b) Nosocomial: high risk of ESBL/MRSA/ multi resistant

bacteria, associated with increased mortality

(1st line of treatment should be ? carbapenem ?

glycopeptides)

• Local flora and its sensitivity pattern are important in

choosing the appropriate antibiotics in nosocomial SBP

• All patients with one episode of SBP should be considered

for liver transplantation

• Alternative strategies for long term prophylaxis without

development of bacterial resistance are needed
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