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Abstract

bacteremia in patients with LC.

Patients with Liver Cirrhosis (LC) are at high risk of developing bacterial infections. Pathological bacterial
translocation has been implicated as an important cause of bacterial infection in patients with LC, and Spontaneous
Bacterial Peritonitis (SBP) and bacteremia are common and often fatal bacterial infections in these patients.
Moreover, the incidence of hepatorenal syndrome is associated with bacterial infections such as SBP; in addition,
the syndrome is often fatal in patients with LC. The frequency of isolation of multidrug-resistant (MDR) organisms in
patients with LC and bacterial infections has been reported to be increasing in recent years, and infections caused
by MDR organisms appear to be associated with poor prognoses. However, further research is required to better
understand bacterial infections in the setting of LC because there remain unresolved problems related to this issue.
This review summarizes the frequency, diagnoses, causative organisms, prognoses, and treatment of SBP and

Keywords  Bacteremia;  Spontaneous  bacterial
Hepatorenal syndrome; Bacterial infection; Liver cirrhosis

peritonitis;

Introduction

Patients with Liver Cirrhosis (LC) are at high risk of developing
bacterial infections because of the hypoactivity of phagocytic cells in
the hepatic reticuloendothelial system as well as bacterial influx into
the general circulation through portacaval shunts [1-8]. It is reported
that 30%-60% in patients with LC develop a bacterial infection
[1-6,8-10], and bacterial infections are involved in approximately 25%
deaths among patients with LC [6,11,12]. Moreover, the incidence of
bacterial infection in patients with LC is 4-5-fold higher than that in
the generation population [13].

In patients with LC, the most common bacterial infections are
Spontaneous Bacterial Peritonitis (SBP), urinary tract infection,
pneumonia (respiratory infection), soft tissue infection, and
bacteremia [4-6,8-10,14-16]. A delay in the diagnosis of a bacterial
infection often leads to fatal outcomes in patients with LC [17]. Once
bacterial infection occurs, the increased production of
proinflammatory cytokines such as tumor necrosis factor-a and
interleukin-6 coupled with hemodynamic derangement results in
serious consequences that may include sepsis or multiple organ failure
[5,6,9]. The prognosis of severe sepsis and septic shock in patients with
LC is extremely poor, and the hospital mortality rate of inpatients with
LC has been reported to range from 30% to 70% [9].

In bacterial infections such as SBP, renal impairment is one of the
prognostic factors, and type-1 hepatorenal syndrome (HRS) is
associated with a particularly poor prognosis [18-26]. On the contrary,
the prevalence of infections caused by multidrug-resistant (MDR)
bacteria has increased in patients with LC in recent years, possibly
because of the increasing frequency of antibiotic treatment [27-29].

The present paper reviews previous studies of patients with LC
complicated by SBP, HRS, and bacteremia, which are frequently fatal
in this population.

Methods

We conducted a literature search of studies published in the English
language since 1981 using the PubMed (http://www.ncbi.nlm.nih.gov/
pubmed) database. We searched the literature using the following
keywords:

(1) Spontaneous bacterial peritonitis and liver cirrhosis,
(2) Bacteremia and liver cirrhosis,
(3) Bacterial infection(s) and liver cirrhosis, and

(4) Hepatorenal syndrome and liver cirrhosis.

Possible mechanisms underlying bacterial infections in
patients with LC

Changes in the composition of the intestinal bacterial flora as well
as the breakdown of the intestinal mucosa barrier because of
gastrointestinal bleeding and pathological Bacterial Translocation
(BT), which develops with a sustained increase in the rate and/or
degree of BT [30], from the intestine to the mesenteric lymph node
may be involved in the onset of SBP and bacteremia in patients with
LC [6-8,30-33]. Pathological BT is reportedly common among patients
with severe liver dysfunction [32,34], although BT itself has been
estimated to be a healthy phenomenon [30,33]. Moreover, the
possibility of genetic diversity and virulence of causative bacteria may
influence the incidence of pathological BT as well as the severity of
liver dysfunction [30,35]. Bert et al. [35] reported that some isolates of
Escherichia coli, (E. coli) which is the most common Gram-negative
bacterium involved in SBP in patients with LC, exhibit extensive
virulence and that it may easily induce BT. It has been suggested that
bacteremia develops more frequently among patients who have
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undergone catheterization or endoscopic procedures and those who
experience gastrointestinal bleeding [10,12].

The long-term use of Proton Pump Inhibitors (PPIs) may
reportedly increase the risk of SBP because of the facilitation of
intestinal BT, although this association is controversial [7,28,36-39].
Recently, Miura et al. [38] reported that the use of PPIs in patients
with LC is an independent risk factor for the development of SBP
[odds ratio (OR), 6.41; 95% Confidence Interval (CI), 1.16-35.7; p =
0.033) using multivariate analysis. Kwon et al. [39] also reported that
the use of PPIs was associated with the development of SBP and a high
mortality rate associated with the same (adjusted OR, 1.960; 95% CI,
1.190-3.227; p = 0.008).

SBP in patients with LC

Diagnosis of SBP

SBP is defined as a bacterial infection of the ascitic fluid without any
apparent intra-abdominal source of infection or malignancy [9].
Therefore, infectious pleural effusion, peritonitis carcinomatosa, and
hemorrhagic ascites such as hepatocellular carcinoma rupture are
excluded from the diagnosis of SBP. SBP is diagnosed in patients with
a polymorphonuclear cell count of 2250 cells/mm3 in the ascitic fluid,
regardless of the isolation of bacteria from the fluid [7,8,14,40].

Ascitic fluid culture is positive in 35%-65% patients with SBPs [8].
However, classical culture techniques fail to grow bacteria in up to
65% samples of neutrocytic ascites [7]. The positivity of culture in the
ascitic fluid has been reported to increase by placement of the fluid
directly into blood culture flasks at the bedside soon after collection
[7,8]. The usefulness of measuring ascitic pH as well as lactate and
lactoferrin levels in ascitic fluid for the diagnosis of SBP has not been
confirmed [8].

Frequency of SBP in patients with LC

The incidence of SBP in inpatients with LC and ascites has been
reported to be 7%-30% [7,41-45] compared with 1.5%-3.5% [43] in
outpatients with LC.

Causative organisms of SBP in patients with LC

Pathological BT from the intestinal tract is considered as one of the
mechanisms involved in SBP and bacteremia in patients with LC, and
enterobacteria account for a relatively large percentage of the causative
bacteria [46-48]. The single most frequently detected organism in
ascitic fluid from patients with LC and SBP is E coli
[21,29,40,43-45,49]. Moreover, the most common Gram-negative
bacteria involved in SBP in patients with LC are E. coli and Klebsiella
spp.. while the most common Gram-positive bacteria are
Streptococcus  spp.,  Staphylococcus  spp., and  Enterococci
[40,43-45,49].

Moreover, nosocomial SBP infections are frequently caused by
bacteria that are resistant to p-lactam antibiotics [9]. Recent reports
indicated that a quarter of organisms isolated from patients with
nosocomial SBP infections are resistant to multiple commonly used
antibiotics [50]. In nosocomial infections in patients with LC and SBP,
the frequency of isolation of MDR bacteria is high compared with that
in patients with community-acquired infections [45].

Predictive prognostic factors in patients with LC and SBP

Factors predictive of the incidence of SBP among patients with LC
and ascites include age; a low protein concentration (<1.5 g/dL) in the
ascitic fluid, which is estimated to be related to decreased opsonic
activity in the ascitic fluid [7,28,43,49]; gastrointestinal bleeding
[14,51]; and the severity of liver dysfunction [1,14,18,19,43,49,51].
Moreover, independent predictors of mortality in patients with LC
and SBP include renal impairment, a nosocomial source of infection,
severe sepsis, hemodynamic instability, and the severity of liver
dysfunction [1,18-20,51].

Renal impairment, including HRS, is a major prognostic factor in
patients with LC and SBP, and it is perhaps the most crucial factor
associated with mortality [18-21,44]. Multivariate analysis by Tsung et
al. [49] using a Cox proportional hazards model indicated that renal
failure [serum creatinine (Cr) level > 1.3 mg/dL] is an independent
predictor of hospital mortality in patients with LC and SBP (OR, 3.752;
95% CI, 1.884-7.475; p < 0.001) in addition to the presence of
hepatocellular carcinoma at the time of SBP diagnosis, severe liver
dysfunction, and low glucose levels in ascitic fluid. Multivariate
analysis by Cheong et al. [52] using a Cox proportional hazards model
indicated that acute renal failure [hazard ratio (HR), 3.14; 95% CI,
2.11-4.68, p < 0.001), nosocomial infection (HR, 2.18; 95% CI, 1.47-
3.23; p < 0.001), and septic shock (HR, 1.71; 95% CI, 1.11-2.62, p =
0.014) are independent predictors of 30-day mortality in patients with
LC and SBP. Moreover, multivariate analysis by Terg et al. [21] using
logistic regression indicated that renal failure is the only independent
predictor of hospital mortality (OR, 15.9; 95% CI, 3.8-49.3; p = 0.002)
in these patients.

HRS-associated SBP in patients with LC

HRS occurs almost exclusively in patients with LC and ascites.
Renal impairment such as HRS in patients with SBP is associated with
a decreased circulating volume [53]. Patients with serum Cr levels >
1.5 mg/dL and no evident disease associated with renal failure were
diagnosed with HRS according to the criteria of the International
Ascites Club [54]. These patients were then classified into two types:
type 1, where the Cr level was increased two-fold or had reached 2.5
mg/dL within 2 weeks, with rapid progression of renal failure, and type
2, where the Cr level was >1.5 mg/dL with no rapid deterioration of
renal function. According to Sort et al. [24], the incidence of type 1
HRS among patients with LC and SBP is approximately 30%.
Moreover, in 2007, new diagnostic criteria for HRS were established
according to the International Ascites Club [55].

The probable occurrence of HRS in patients with LC and ascites for
more than 5 years is as high as 40% [56]. One of the main precipitating
conditions is bacterial infections such as SBP [56,57]. Patients with LC
complicated by type 1 HRS are considered to have a poor prognosis
[21-23,25,57,58], and the 3-month survival is 20% for type 1 HRS and
40% for type 2 HRS [57]. The median survival duration in patients
with LC is reported to range from 2 weeks to 1 month for type 1 HRS
and 4 to 7 months with type 2 HRS [22,23,56,58], although the
treatment of SBP with albumin infusion and antimicrobial agents
reportedly decreases the risk of HRS development and improves
survival [24,40].

Although bacterial infections such as SBP are a frequent trigger of
HRS [59], there is a scarcity of data on the natural history and
outcome of type 1 HRS-associated bacterial infections in patients with
LC [60]. Recently, a cohort study by Barreto et al. [60] illustrated that
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67% (47/70) patients with LC and type 1 HRS associated with bacterial
infections had no reversibility of HRS. They indicated that age, high
baseline bilirubin levels, and nosocomial infection were independent
predictors of the irreversibility of type-1 HRS using a multivariate
model [60]. Moreover, they suggested that high baseline bilirubin
levels, a lack of resolution of infections, and irreversibility of HRS were
independent predictors of mortality in patients with LC and type 1
HRS associated with bacterial infections [60].

A meta-analysis of controlled studies found that terlipressin
reverses HRS and improves renal impairment in nearly 50% patients
with LC [58]. The combination of vasoconstrictive agents and albumin
has been suggested to be the most effective pharmacotherapy [26].
Some studies indicated that the prolonged use of ornipressin,
terlipressin, or a-agonist vasoconstrictors (e.g., midodrine plus
octreotide, noradrenaline alone) in association with albumin is capable
of recovering renal function in 40%-60% patients with type 1 HRS
[56,57]. However, vasoconstrictor treatment with or without albumin
does not improve the long-term prognosis [26,58]. Liver
transplantation is the only rational treatment for type 1 HRS as well as
other complications [26].

Indications for antibiotic prophylaxis in patients with LC
and SBP

Empirical antibiotic treatment must be initiated immediately after
the diagnosis of SBP [40]. However, if the neutrophil count of the
ascitic fluid decreases to <25% of the pretreatment value after 2 days of
antibiotic treatment for SBP, there is often an increased probability of
failure to respond to any treatment [40,45]. It has been suggested that
the combined use of antibiotics and albumin injections may prevent
the aggravation of renal impairment such as HRS in patients with LC
and SBP [9]. However, in patients with LC without bacterial infections,
the use of prophylactic antibiotics must be restricted to patients who
are at high risk of SBP because of an increasing risk of infection with
MDR organisms [26,28].

Primary prophylaxis in patients with LC and no prior history
of SBP

Patients with LC and a low protein concentration (<1.5 g/dL) in
ascitic fluid and/or high serum bilirubin levels are at risk of developing
a first episode of SBP [28], and primary prophylaxis in patients with
LC and no prior history of SBP is recommended when a low protein
concentration in ascitic fluid and other factors (e.g., severe liver
failure, impaired renal function, hyponatremia) are present [9,26,28].
Primary prophylaxis is also routinely indicated in patients with LC and
acute gastrointestinal bleeding [26]. Wiest et al. [7] presented the
utility of primary prophylaxis to prevent SBP by administering
quinolones in three meta-analyses (Figure 1).

Secondary prophylaxis in patients with LC who experienced
a previous episode of SBP

In patients with LC who recovered from a previous episode of SBP,
the recurrence rate is as high as 70% in the absence of antibiotic
prophylaxis [26]. Therefore, secondary prophylaxis is indicated for
patients with a previous episode of SBP [9,40]. Secondary prophylaxis
with norfloxacin decreased the recurrence rate from 68% to 20%
[26,28]. Other randomized trials revealed a significant decrease in the
recurrence of SBP with antibiotic prophylaxis including ciprofloxacin
or trimethoprim/sulfamethoxazole [26,28]. However, the optimal

duration of prophylaxis is unclear at present [28], although secondary
prophylaxis should be indefinitely continued until the ascites is
resolved or liver transplantation can be performed [26].
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Figure 1: Meta-analysis: prevention of SBP in pure primary
prophylactic randomized controlled trials.

Prognosis of SBP

When SBP was first described, the mortality rate associated with
this condition exceeded 90% [40,43,49], although this has decreased as
a result of early diagnoses and prompt treatment [14,43]. The recent
hospital mortality rates of all cases of SBP were reported to be 10%—
50% for the first episode and 31%-93% for the second or subsequent
episodes [7,61]. The mortality rates at 1 and 2 years following an
episode of SBP are reported to be 50%-70% and 70%-75%,
respectively [9,14].

Well-recognized predictors of mortality from SBP include age,
severe liver disease, nosocomial origin (compared with community-
acquired SBP), the presence of gene variants of causative organisms,
and renal impairment [7,52,62,63]. A meta-analysis of published data
(2002-2011) identified a four-fold increased risk of mortality
associated with MDR bacteria in patients with LC and SBP [7]. Some
reports indicated that the mortality rate of SBP associated with
culture-positive ascitic fluid is higher than that associated with
culture-negative neutrocytic ascites using multiple logistic regression
analysis, although other reports found no significant difference in
mortality rates between these groups [44].

Bacteremia in patients with LC

Frequency of bacteremia in patients with LC

The reported rate of bacteremia among inpatients with LC ranges
from 3.5% to 8.8% in the literature [1,2,64,65]. This rate is reportedly
four- to 11-fold higher than that for the general population of
inpatients [64,66,67]. Kang et al. [17] reported that LC was
significantly associated with an increased risk of mortality in patients
with bacteremia compared with that that in patients with other
underlying diseases using multivariate analysis

Frequency of nosocomial infections in patients with LC and
bacteremia

The reported percentage of nosocomial infections among patients
with LC and bacteremia varies widely from 24% to 70% [17,64,67,68].
The actual value is likely to be affected by factors such as
catheterization, extent of gastrointestinal tract treatment after hospital
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admission, and the use of antimicrobial agents. Thulstrup et al. [65]
reported that nosocomial infection was associated with a higher risk of
30-day mortality (adjusted OR, 1.7; 95% CI, 0.7-3.5) compared with
community-acquired infection using logistic regression analysis.

Causative organisms detected in patients with LC and
bacteremia

Gram-positive bacteria are responsible for bacteremia in 24%-69%
patients with LC [64,66]. However, the rate of Gram-positive bacterial
infection is also influenced by several factors, including
catheterization, the use of cephem antibiotics, and the presence of soft-
tissue infections.

Pathological BT is known to be strongly correlated with the
presence of aerobic Gram-negative bacteria, including enterobacteria
such as E. coli and Klebsiella spp., and these remain the most
important causes of bacteremia in patients with LC [17,64,65,67-69].
On the contrary, Staphylococcus spp. are the most common Gram-
positive bacteria found in patients with LC and bacteremia
[17,64,65,67,68,70]. Several studies reported no significant differences
in either the severity of liver dysfunction or short-term prognosis
between patients with bacteremia induced by Gram-positive bacteria
and those infected with Gram-negative bacteria [64-66].

Predictors of susceptibility and prognosis in patients with LC
and bacteremia

Susceptibility to bacteremia [2,15,28,64,67,71,72] and the
subsequent short-term prognosis [64,69,70,72,73] in patients with LC
are correlated with the severity of LC, which is an independent risk
factor for mortality in patients with LC and bacteremia [17].
Moreover, the possibility of the development of renal impairment is
significantly higher among patients with bacteremia than among those
with negative blood culture [68]. Acute renal impairment after
bacterial infections has often been observed [5,74], and it is also a
strong independent risk factor for mortality in patients with LC
[5,75,76]. In particular, type 1 HRS is linked to an extremely poor
prognosis and is associated with short-term mortality in patients with
LC and bacteremia, as observed in patients with SBP. Therefore, both
the severity of liver dysfunction and the presence of renal impairment
are important prognostic factors in patients with LC and bacteremia
[5,77]. Bouslama et al. [77] reported that the prevalence of renal
dysfunction in patients with bacterial infections other than SBP and
LC and a model for end-stage liver disease score of >20 was 7.39-fold
higher than that in other patients using multiple logistic regression
analysis (OR, 7.39; 95% CI, 2.13-25.612; p = 0.002). Several reports
noted that the susceptibility to bacteremia does not appear to vary
according to the etiology of LC, including hepatitis B or C infection or
alcohol abuse [64,67,71].

Prognosis of bacteremia in patients with LC

The mortality rate for patients with LC and complications
developing from bacterial infection is markedly higher than that for
uninfected patients [11,64,69,72,73,75,78]. Previous studies reported
short-term mortality rates of 27%-60% in patients with LC
complicated by bacteremia, although slightly different definitions of
short-term  mortality have been employed [5,17,65,66,75].
Furthermore, a cohort study suggested that LC with bacteremia is
associated with a significantly increased risk of mortality compared

with other conditions that may be complicated by bacteremia using
multivariate logistic analysis [17].

MDR bacteria-associated infections in patients with LC

MDR bacteria are resistant to at least three of the primary antibiotic
families, including - lactamase [27,28]. The main MDR bacteria are
extended-spectrum B-lactamase (ESBL)-producing
Enterobacteriaceae, nonfermentable Gram-negative bacilli such as
Pseudomonas aeruginosa, Acinetobacter baumannii, methicillin-
resistant Staphylococcus aureus (MRSA), and vancomycin-susceptible
(VSE) or vancomycin-resistant Enterococci [13]. Moreover, MDR
bacteria are increasingly frequent causative organisms of hospital- or
health care-associated infections [28]. The proportions of MDR
bacteria in patients with LC in recent studies from different
geographic areas (2006-2012) were as follows: ESBL-producing
Enterobacteriaceae, 4%-29%; Pseudomonas aeruginosa, 1%-3%;
MRSA, 3%-8%; and VSE, 1%-10%. Moreover, the prevalence of
ESBL-producing Enterobacteriaceae in patients with LC and SBP in
recent multiple studies from Asia and Europe (2002-2009) has been
reported to be 1.5%-18% [9]. Fernandez et al. [27] investigated 669
bacterial infections in patients with LC in two series (2005-2007 and
2011-2012) and reported that infections caused by MDR bacteria are
more common among nosocomial infections and carry a poorer
prognosis (higher hospital mortality) compared with those caused by
susceptible bacteria. Moreover, some authors reported that infections
caused by MDR bacteria are associated with a higher mortality
compared with those caused by susceptible bacteria [13]. A
multicenter retrospective study performed in Korea suggested that
SBP caused by ESBL-producing organisms was an independent
prognostic factor for high in-hospital mortality in patients with LC
and SBP [49,79].

In SBP, the cause of the increasing prevalence of MDR bacteria has
been suggested to be the increased use of long-term antibiotic
prophylaxis or invasive procedures (e.g., catheterization, ablation of
hepatocellular carcinoma) [45], although a significant decrease in the
incidence of secondary SBP via the administration of norfloxacin has
been reported [80].

Conclusions

On the basis of a review of previous studies on SBP and bacteremia
in patients with LC, it is evident that these types of bacterial infections
are life-threatening complications. The severity of liver dysfunction
(underlying LC) and the presence of renal impairment such as type 1
HRS have been observed to have a particularly important influence on
the prognosis of bacterial infections in patients with LC. Moreover,
infections associated with MDR bacteria appear to worsen patient
prognosis. Further research is required to better understand the
various aspects of bacterial infections, including treatment, in the
setting of LC.
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