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Abstract

Viable and non-viable pathological bacterial transloca-
tion promote a self-perpetuating circle of dysfunctional
immune activation and systemic inflammation facilitat-
ing infections and organ failure in advanced cirrhosis.
Bacterial infections and sepsis are now recognized as a
distinct stage in the natural progression of chronic liver
disease as they accelerate organ failure and contrib-
ute to the high mortality observed in decompensated
cirrhosis. The increasing knowledge of structural, im-
munological and hemodynamic pathophysiology in ad-
vanced cirrhosis has not yet translated into significantly
improved outcomes of bacterial infections over the last
decades. Therefore, early identification of patients at
the highest risk for developing infections and infection-
related complications is required to tailor the currently
available measures of surveillance, prophylaxis and
therapy to the patients in need in order to improve the
detrimental outcome of bacterial infections in cirrhosis.
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Core tip: We will discuss susceptibility and impact of
specific bacterial infections in cirrhosis, their natural
course and the identification of risk factors for organ
failure and death in order to help clinicians identifying
patients at the highest risk that may benefit from inten-
sified surveillance, prophylaxis and therapy.
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INTRODUCTION

Bacterial infections are diagnosed in 25% to 47% of hos-
pitalized patients with cirrhosis' " and represent the most
important precipitating event for acute decompensationm.
Infections are increasingly recognized as a major trigger
of systemic inflammation and organ failure in advanced
cirrhosis leading to a four-fold increased mortality'”,
Despite recent advances in understanding the underlying
pathogenic mechanisms of bacterial infections in cit-
thosis’™” the progression of infections to multiple organ
failure and septic shock is still associated with a short-
term mortality of patients exceeding 75%'". In this re-
view we will discuss susceptibility and impact of specific
bacterial infections in cirrhosis, their natural course and
the identification of risk factors for organ failure and
death in order to help clinicians identifying patients at the
highest risk that may benefit from intensified surveillance,
prophylaxis and therapy.
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PATHOLOGICAL BACTERIAL
TRANSLOCATION

Decompensated liver cirrhosis predisposes to delayed in-
testinal transit time, increased intestinal permeability and
disturbed expression of intestinal antimicrobial peptides
thereby facilitating the translocation of bacteria and bac-
terial products from the gastro-intestinal lumen through
the lamina propria into mesenteric lymph nodes (MLN),
ascitic fluid and the systemic circulation"""”, Whereas
bacterial translocation (BT) can be controlled by the im-
mune system of healthy individuals, pathological BT in
cirrhotic patients is accompanied by a cirrhosis-associated
immune dysfunction (CAID) supporting systemic inflam-
mation as a consequence of non-viable BT as well as
bacterial infections due to viable BT,

Among the intestinal microbiota, Gram-negative en-
teric bacilli more easily translocate to MLN than Gram-
positive bacteria and obligate anaerobes!”. Although the
capability to translocate across the gastrointestinal barrier
varies between different Escherichia coli (E. coli) strains'”,
no single virulence factor responsible for BT in cirrhosis
could be identified yet"'”. Furthermore, catabolic and
inflammatory stress to the epithelial barrier can increase
BT of various coliform bacterial strains """, With classi-
cal bacterial culture techniques, enteric organisms can be
detected in MLN from up to 30% of patients with Child-
Pugh C cirrhosis compated to 9%-15% of non-cirrhotic
patients undergoing laparotomy”!.

This increased translocation of intestinal bacteria and
bacterial products in cirrhosis has been attributed to both
clinically significant portal hypertension (PH) and ad-
vanced liver failure. The role of PH is supported by the
observations that the development of ascites is a prereq-
uisite for significant translocation of viable bacterial to
the MLN in the CCl4 model™ and that the use of non-
selective beta blockers (NSBB) reduces the translocation
of viable BT to MLN in cirrhotic rats® and prevents
infectious complications in humans with decompensated
cirthosis”. Furthermore, it has been shown that non-
viable BT and immune activation also occut in the pre-
ascitic stage™ and correlate with the increase in portal
pressure”™. On the other hand, pathological BT to MLN
also occurs in models of experimental acute liver failure
in the absence of PH"" but not in chronic PH in the
absence of cirrhosis”™. Moteover, NSBB are also effec-
tive in preventing spontaneous bactetial petitonitis (SBP)
in patients showing no hemodynamic response to treat-
ment” underlining that PH may not be the principal
driver of viable pathological BT in advanced cirrhosis.

Therefore, alternative mechanisms must be involved
in triggering pathological BT in liver failure and advanced
fibrosis. There is evidence that quantitative and qualitative
changes in the intestinal microflora might contribute to
this phenomenon. Small intestinal bacterial overgrowth
(SIBO) frequently occurs in decompensated cirrhosis and
correlates with systemic endotoxemia™ and the presence

of bacterial DNA fragments (bactDNA) in the periph-
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eral blood™. Small intestinal dysrnotilitym and altered
bile composition in cirrhosis™ contribute to SIBO and
drive endotoxemia and infectious complications'™. Once
a systemic or local immune response has been estab-
lished, proinflammatory cytokines like tumor necrosis
factor (INF) and interleukin (IL)-6 disrupt the intestinal
integrity of the intestinal barrier by altering the structure
of the apical junctional cornplex[34’35] thereby further in-
creasing intestinal permeability (IP) generally observed
in cirrhosis" . Although some cohort studies show an
association of IP with septic complications“2’36’37J the only
prospective study available did not find an association of
IP with infectious Complications[38] questioning whether
increased IP is really the cause - or rather the conse-
quence - of pathological BT and intestinal inflammation
in cirrhosis.

Whether the composition of the intestinal microbi-
ome, modulates BT and infectious complications in cit-
thosis has not been thoroughly investigated yet. There is
some evidence that the fecal microbiome in cirrhosis is
less diverse and shows an abundance of Enterobacteriaceae,
Streptococeus spp. and Enterococcus faemlz';pwu, which mirrors
the microbial pattern observed in SBP"**!. The micro-
biome associated with the colonic mucosa might be of
particular interest because the enrichment of Enserococcus,
Proteus, Clostridium, and Burkhbolderia and the loss of non-
pathogenic commensal bactetia in cirrhosis was associ-
ated with more severe liver disease, increased inflamma-
tion and endothelial activation™**. The recent findings
that the gut microbiome is modulated by the enterocyte
inflaimmasome**"” which leads to increased nonviable
BT and augmented hepatic inflammation™, suggest a
critical interaction of gut mucosa, intestinal dysbiosis and
immune activation in cirrhosis.

IMMUNE DYSFUNCTION AND IMMUNE
ACTIVATION IN CIRRHOSIS

To control viable BT in cirrhosis, immune control takes
place at the epithelial barrier including the mucus layer,
at gut-associated lymphatic tissue and the MLN and at
the systemic level after bacteria or bacterial products
have passed MLN viz the portal vein or the thoracic
duct™. In the context of pathological BT, organ-resident
macrophages recognize pathogen-associated molecular
patterns, such as lipopolysaccharide (LPS), muramyl di-
peptide, bacterial lipoproteins and bactDNA, via extra-
and intracellular Toll-like receptors (TLR) (e.g., TLR2,
TLR4, TLRY) or intracellular NOD-like receptors (e.g.,
NOD?2). Ligation of these conserved pattern recognition
receptors (PRR) leads to classical macrophage activation,
the secretion of pro-inflaimmatory cytokines (TNE, IL-
1B, 1IL-12) and polarization to pro-inflammatory macro-
phages supported by interferon (IFN)-y released from
activated T cells™. In healthy individuals, binding of LPS
to TLR4 increases expression of scavenger receptors,
MHC class I and co-stimulatory molecules to acceler-
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ate phagocytosis and subsequent presentation of bacteria
and bacterial products®, Several abnormalities of the in-
nate immune system in cirrhosis contribute to non-con-
trol of BT, subsequent inflammation and the increased
incidence of infections. These abnormalities have been
described as CAID syndrome (CAIDS) stressing the role
of insufficient processing of bacteria and bacterial prod-
ucts by phagocytes”. Importantly, CAIDS is often not
associated with inflammatory anergy but with marked
immune activation and a high degree of systemic inflam-
mation, which correlates with the severity of liver disease
and predicts survival in these patients’”

The liver itself plays a major role in phagocytiz-
ing pathogens and scavenging macromolecules because
organ-resident Kupffer cells and liver sinusoidal endo-
thelial cells account for 80% of the human reticuloen-
dothelial system (RES)"”. The overwhelming sinusoidal
influx of bacterial components in liver cirrhosis owing to
mechanisms described above, switches the physiological
immune-modulatory state of the local hepatic immune
system elicited by Kupffer cells to a state in which the
production of pro-inflammatory cytokines predominates
accumulating in further demise of hepatic parenchyma
cells and deterioration of liver architecture™. Due to
portosystemic shunting, decreased opsonization and dys-
functional phagocytic activity, the hepatic clearance func-
tion is markedly reduced in cirrhosis and correlates with
the severity of liver disease, bacteremia and survival®™".
In parallel, non-classical pro-inflammatory subsets of
monocytes expand and contribute to an inflammatory
state in cirrhosis™" '), This state of dysfunctional activa-
tion has been observed in neutrophils as well. Neutro-
phils from patients with cirrhosis are potent producers
of pro-inflammatory cytokines and reactive oxygen
species but also display decreased chemotaxis and inef-
ficient phagocytosis'*". Dysfunctional phagocytosis and
increased activation can be transmitted to neutrophils
from healthy individuals with plasma from cirrhotic pa-
tients suggesting repetitive priming mediated by soluble
factors®’ which may result in the cellular depletion of
antioxidants and increased oxidative damage'®*”,

Whereas phenotypic and functional abnormalities
have been well described for the aspects of the innate
immunity in cirrhosis, the state of the adaptive immunity
is less well defined. Phenotypically, patients with cirrhosis
display decreased numbers of total and naive T cells due
to defective thymic generation and splenic sequestration
in parallel with increased activation, proliferation and
turnover of memory T cells presumably due to repetitive
antigen stimulation'™"”, Data on the functional conse-
quences of these findings are sparse. Although clinical
studies show attenuated immune responses after vaccina-
tion in cirrhotic patients” ™, in vitro analyses could not
identify specific T cell defects'™ " but suggest soluble
factors such as 1L-10 as modulators of inconsistent T' cell
responses in cirrhosis'” ",

Whether an observed depletion and functional altera-
tion of innate natural killer (NK) cells"" and memory
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B cells”® in cirrhosis contribute to pathological BT,
inflammation and bacterial infections in cirrhosis has not
been demonstrated.

ASSESSMENT OF SYSTEMIC
INFLAMMATION IN CIRRHOSIS

In response to bacterial infection, patients with cirrhosis
have a pronounced inflammatory response with elevated
systemic concentrations of the pyrogenic cytokines I1.-6
and TNF superimposing on high basal levels resulting
in fever, leukocytosis and acute phase reaction®™. As a
consequence, systemic inflammatory response syndrome
(SIRS) can be found in up to 67% of cirrhotic patients
with bacterial infections compared to 37% of patients
without, making sepsis a common complication of ad-
vanced cirrhosis"™ *.

Even in the absence of overt bacterial infection, the
occurrence of systemic inflammation as indicated by
SIRS is of prognostic relevance in patients with cirrho-
sis™™ There is some evidence that beyond its role as
an indicator of occult bacterial infection and advanced
organ failure, systemic inflammation might even ag-
gravate portal hypertension, renal failure and hepatic
encephalopathy, thereby contributing to organ failure and
death in cirrhotic patients by immunological, metabolic
and hemodynamic mechanisms™. Due to hyperdynamic
circulation with tachycardia or tense ascites leading to hy-
perventilation in patients with decompensated cirrhosis,
SIRS criteria are most certainly less specific for inflam-
matory and infectious complications than in the general
population and need to be interpreted with caution.

The magnitude of the acute phase response as indi-
cated by C-reactive protein (CRP) or IL-6 levels might
be more reliable tools than clinical SIRS criteria to esti-
mate the risk for adverse outcome in cirrhotic patients.
In patients with cirrhosis and SIRS concentrations of
serum 1L-6 correlate with organ failure, monocyte and
neutrophil activation™ but are also closely associated
with the degree of portal hypertension[%] and hyperdy-
namic circulation®”. The same observations have been
made for CRP, where persistent elevation in the absence
of infection indicates increased short-term mortalitylssj.
Discriminating infections from sterile systemic inflam-
matory response is only possible using CRP cut-offs are
as high as 56 mg/L in advanced cirrhosis™ ", The large
multicenter CANONIC study[SJ identified elevated CRP
levels and increasing WBC count as hallmark features
to distinguish acute decompensation of cirrhosis from
acute-on-chronic liver failure (ACLF) even when patients
with bacterial infections were excluded. Patients who
presented with ACLF had mean CRP levels of 33 mg/L
(compared to 21 mg/L in patients without ACLF) and
mean WBC counts of 9.4 Gpt/L (compared to 6.6 Gpt/
L) at inclusion. Importantly, the probability of death in
ACLF increased with the tise in WBC count” making
WBC count an attractive, easily available linear variable to
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assess mortality risk associated with systemic inflamma-
tion in cirrhosis.

Since none of these established indicators of inflam-
mation allow a precise distinction between sterile SIRS
and bacterial infection, treating physicians must be aware
of risk factors of bacterial infections to assess the likeli-
hood of bacterial infections in patients with advanced
cirrhosis presenting with signs of systemic inflammation.
We have recently evaluated novel biomarkers that more
precisely indicate specific infections and/or immune
activation in advanced cirrhosis, such as mid-regional
pro-adrenomedullin and soluble urokinase plasminogen
B2 which will expand the diagnostic
armamentarium for predicting outcome independent of

activator receptor

the presence of confounding systemic inflammation.

RISK FACTORS AND PROPHYLAXIS OF
SPECIFIC BACTERIAL INFECTIONS IN
CIRRHOSIS

SBP and spontaneous bacteremia are the most thor-
oughly investigated complications in patients with cir-
rhosis because they occur frequently with a prevalence
of 15%-20% in hospitalized patients[“’92J and cause high
mortality after one month (33%-42%) and after one year
(49%-66%)". Supporting the concept of pathological BT
of Enterobacteriaceae in cirrhosis, Gram-negative bac-
teria have been isolated from more than 70% of culture-
positive bacterial infections in the past“’m. More recently
however, bacterial infections caused by Gram-positive
coccl dramatically increased in tertiary centers and now
represent 60% of nosocomial culture-positive infections
including the archetypal infectious complications spon-
taneous bacteremia and SBP™"*, This shift has been at-
tributed to the use of antibiotics leading to intestinal dys-
biosis favoring Gram-positive BT, but also to increased
invasive procedures and associated episodes of Gram-
positive bacteremia with secondary organ Spreadﬁ’u‘m.

As a preventive measure, primary antibiotic prophy-
laxis is currently recommended in cirrhotic patients with
gastrointestinal (GI) bleeding because bleeding facilitates
pathological BT and infections on the one hand, and
infections are associated with a higher rate of recurrent
bleeding on the other hand”™. Antibiotic prophylaxis
over seven days in cirrhotic patients in with gastroin-
testinal bleeding is the current standard of care” In
nine controlled trials including 987 patients the pooled
incidence of bacteremia following GI bleeding was 15%
without antibiotic prophylaxis and 3% with antibiotic
prophylaxis, indicating a risk reduction of 75% with anti-
biotic prophylaxis”. Results favoring antibiotic prophy-
laxis were also obtained when the outcomes SBP, pneu-

monia, urinary tract infection, overall bacterial infections
. 96,97
and mortality were analyzed separately[ 7 Although
translocation of gut microbial flora into the bloodstream
is likely to occur during endoscopy because of mucosal
itself%
trauma related to the endoscopy procedure itself™, the
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risk of bacteremia associated with endoscopic proce-
dures is poorly investigated in non-bleeding cirrhotic
patients. One study reported an incidence of 10% (6/58)
bacteremia by possible contaminants (Gram-positive
skin flora) after colonoscopy, but all cirrhotic patients
with bacteremia remained asymptomatic[qq], Thus, inter-
national guidelines do not recommend routine antibiotic
prophylaxis for cirrhotic patients undergoing colonos-
Copy[mm because of the lack of data in this setting, and
it is recommended that clinicians should decide “on an

. N . [101
individual case basis"""!

Spontaneous bacterial peritonitis

Patients with low ascitic fluid (AF) protein, elevated se-
rum bilirubin levels and/or low platelets are at the high-
est risk of developing community-acquired SBP'"”. SBP
has a recurrence rate of 70% within the first year after
the first episode“m] making secondary prophylaxis with
400 mg norfloxacin daily a level A recommendation in
current guidelines[95’104]. Because antibiotic prophylaxis
in high-risk cirrhotic patients with low AF protein and
with severe liver failure or with renal failure improves
incidence of infections and short-term survival'">'"
primary antibiotic prophylaxis should be considered in
these patients[%]. However, in the light of increasing anti-
microbial resistance in cirrhotic patients and of decreased
efficacy of antibiotic prophylaxis over time adherence
to these guidelines is poor among practitioners resultin
in cases of SBP that could have been prevented“m’m].
Genetic association studies may help identifying patients
at the highest need for antibiotic prophylaxis. Frequent
polymorphisms in genes involved in the innate antimi-
crobial defense, such as NOD2, TI.R2 and MCP-1, have
been reported to confer a three- to four-fold increased
life-time risk to develop SBP'""”"". NOD2 gene variants
are of particular interest because they regulate intestinal
immunity #a expression of antimicrobial peptides and in-
tracellular bacterial killing“m’m] thereby linking Paneth cell
defense with pathological BT in cirrhosis"™"". In a recent
study including four patients with NOD2Z variants, five
patients with TILLR2 variants and 29 wild type controls,
the presence of any of these variants was associated with
markers of impaired intestinal permeability and higher
systemic inflammation”™”. However, subsequent studies
including a higher number of patients are required to
answer the question on the influence of these gene vari-
ants on intestinal integrity and pathological BT as a driver
of SBP per se. Whether genotype-based risk-stratification
for antibiotic prophylaxis is a feasible approach to reduce
infectious complications, at least in populations of Euro-
pean descent where these polymorphisms are frequently
found, currently remains an open question but will hope-
fully be answered soon.

Whereas host factors contributing to SBP, such as
genetic background or severity of liver disease""”, cannot
be easily modified, environmental factors such as alcohol
use in less advanced cirrhosis ™ or prescribed concurrent
medication are more susceptible to therapeutic interven-
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tion. In contrast to the protective effects of NSBB that
have already been discussed above™, the use of proton
pump inhibitors (PPI) is associated with a three-fold in-
creased risk for developing SBP in hospitalized patients
according to a recent meta-analysis of observational stud-
ies!"” suggesting that the indication for PPI treatment in
liver cirrhosis has to be very carefully weighed against the

potential risks!",

Infections other than SBP

Studies on specific risk factors for extraperitoneal bacteri-
al infections are scarce. Urinary tract infections (UTI) are
very common and represent 20% up to 40% of bacterial
infections in prospective studies of hospitalized patients
with cirrhosis™*". The majority of identified uropatho-
gens are Gram-negative bacteria with E. /i as the most
commonly isolated microorganism still, but multiresistant
bacteria are increasingly observed, especially in nosoco-
mial infection in southern Europe“’w. In a large retro-
spective cohort of almost 400 cirrhotic patients we could
recently show that predominantly women develop UTI
and that the risk of infection increases stronger with age
than with the severity of underlying liver disease in con-
trast to other bacterial infections in cirrhosis®™”. Notably,
in this and other series UTT was frequently accompanied
by SIRS (42%-65% of cases)™, and up to one third of
patients with UTT presents with or develops concomitant
bacterial infections™'*” making UTT a bacterial infec-
tion that should not be underestimated in the cirrhotic
patient. Although strategies for UTI prevention have not
been investigated in the cirrhotic population specifically,
evaluation and reduction of unnecessary urinary catheter
use applies as in patients without liver disease.

Among the extraperitoneal manifestation of bacterial
infections, lower respiratory tract infections and pneu-
monia are associated with the highest risk of mortality
in cirrhosis™*). Animal models suggest that low serum
complement levels in rats with decompensated cirrho-
sis increase susceptibility to pulmonary infection with
Streptococcus pnenmoniae (S. pﬂeﬂmoﬂiae)m“. In agreement
with these findings, patients with cirrhosis are more sus-
ceptible to pneumonia, present with a more complicated
course of disease and develop more often bacteremia
than non-cirrhotic patients“zs’mﬂ. Since S. pneumoniae
represents the most common etiologic agent isolated in
community-acquired pneumonia, pneumococcal vac-
cination with the 23-valent vaccine is recommended as
a preventive measure despite reduced immunological re-
sponses and accelerated antibody decline in patients with
cirrhosis'' "',

Skin and soft tissue infections in cirrhosis can be
caused by Gram-positive bacteria entering the edematous
skin as well as by translocated Gram-negative bacteria.
They are often recurrent, complicated by renal failure and
lead to a mortality of approximately 20%!"**'**"*". Walk-
ing barefoot has been identified as a risk factor for cellu-
litis in patients with decompensated cirrhosis and edema
by an Indian study and should be avoided"”.
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Patients with cirrhosis have an increased risk of infec-
tious endocarditis compared to the general populationm”
Infectious endocarditis in cirrhosis is predominantly
hospital-acquired with Szaphylococcus anrens (S. aureus),
B-hemolytic streptococci and Enferococcus spp. as most
frequent infectious agents, predominantly involves the
aortic valve, and is associated with 60% renal failure and
50% mortality!"*”.

Bacterial Meningitis is a rare complication in cirrhosis
(< 1%) often with atypical presentation and Gram-nega-
tive pathogen spectrum associated with bacteremia in the
majority of cases and a mortality exceeding 40%!" ">,

ESTIMATING THE OUTCOME OF
BACTERIAL INFECTIONS

The meta-analysis by Arvaniti ez a/” comprising data
from almost 12000 patients concluded a four-fold in-
creased mortality owing to bacterial infections in cirrhotic
patients - with respiratory tract infections, SBP and bac-
teremia as major contributors. We and others™'*! could
recently demonstrate that urinary tract infections in de-
compensated cirrhosis are less detrimental as these three
major infections, but are still associated with a significant-
ly increased risk of mortality, especially in the presence
of concomitant SIRS. Fueled by excessive inflammation
in cirrhosis, organ failure frequently occurs in the absence
of septic shock, making bacterial infections a distinct
stage in the natural history of cirrhosis progression'” and
the major precipitating event for the development of de-
compensation and ACLE", There are three major factors
that determine mortality of bacterial infection in cirrho-
sis irrespective of etiology: severity of underlying liver
disease, concomitant renal failure and non-resolution of
infection due to antimicrobial resistance.

Severity of liver disease

Among the 18 variables that were significantly associ-
ated with death after bacterial infections in three or more
studies evaluated by Arvaniti ez @/ five were related
to liver function or severity of cirrhosis (Child-Pugh
score, prothrombin time/INR, bilirubin, albumin, and
MELD score) and three related to cirrhosis-associated
complications (hepatic encephalopathy, gastrointestinal
bleeding, and hepatocellular carcinoma). Therefore, us-
ing composite scores like Child-Pugh or MELD score to
estimate prognosis is tempting, since they reflect severity
of underlying disease as well as infection-triggered organ
failure and are well-established scores to predict short-
term and long-term mortality under a variety of condi-
tions in cirrhosis. However, the independent contribution
of systemic inflammation and bacterial infection to the
deterioration of liver function needs to be considered: In
the absence of SIRS a MELD score of > 18 is associ-
ated with 12% in-hospital mortality - in the presence of
SIRS the mortality increases to 43%'™; in the absence of
leukocytosis a MELD score of = 22 is associated with
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30% one-month mortality after SBP - in the presence of

leukocytosis the mortality increases to 520/,

Acute kidney injury and hepatorenal dysfunction
Clinically significant portal hypertension and pathological
BT in cirrhosis contribute to mesenteric vasodilation and
splanchnic pooling, which results in reduced central blood
volume with compensatory but insufficient hyperdynamic
circulation, activation of neurohumoral vasoconstrictor
systems, and sodium retention in the kidneys'*'"". The
markedly reduced renal blood flow in decompensated cit-
thosis"™ renders the kidney susceptible to infection-trig-
gered renal failure and hepatorenal syndrome (HRS)",
Renal failure occurs in approximately one third of pa-
tients with cirrhosis and bacterial infections, especially af-
ter UTI, SBP, and skin infections, and is non-reversible or
progressive in 25% to 33% of cases! "1 Compared
to parenchymal nephropathy in cirrhosis, hypovolemia-
related renal failure (OR = 2.32) and infection-related
renal failure (OR = 2.61) are both associated with a two-
fold increased risk of mortality within 90 d"*. Given the
large impact of progressive renal failure on mortality in
patients with cirrhosis, current strategies implement the
criteria of the Acute Kidney Injury Network (AKIN)
[creatinine increase = 0.3 mg/dL (27 pmol/L) within
48 h or 50% creatinine increase from a stable baseline]
for all acute deteriorations of renal function in cirrhosis
under the term “hepatorenal dysfunction”"*". Patients
with cirrhosis and infections that develop renal failure
according to the AKIN criteria have lower mean arterial
pressure, higher bilirubin, lower albumin, higher WBC
count, higher platelet count, and lower serum sodium in
univariate analyses' *?. Mortality increases with occurrence
of AKI (34% vs 7% 90-d mortality), with severity of AKI
(2%, 7%, and 21% in-hospital mortality in stages 1, 2, and
3, respectively) and with progression of renal failure (15%
90-d mortality after complete recovery, 40% after partial
renal recovery, and 80% in patients without renal recovery
or progression) ez,

Notably, one third of patients with AKI due to bac-
terial infections develop a second infection, which ag-
gravates renal failure and reduces survival presumably by
superimposing inflammation and exhaustion of innate
defense mechanisms>'*'**. Therefore, prevention of
secondary infection in cirrhotic patients with infection-
induced renal failure seems a legitimate approach to
reduce mortality due to infections. In addition, intrave-
nous albumin substitution has proven effective to reduce
renal failure, in-hospital mortality, and 90-d mortality in
patients with SBP'"' and improves serum creatinine but
not survival in cirrhotic patients with infections other
than SBP"*. Additional approaches using anti-inflam-
matory strategies with pentoxifylline have been proven
effective in improving renal function during alcoholic
hepatitis"*"! and might have prophylactic potential for
preventing HRS in decompensated cirrhosis in selected

patientsmg’m]
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Antimicrobial resistance

Failure of first-line empiric antibiotic therapy for bacte-
rial infections in cirrhosis is associated with increased
mortality, as it has been shown for SBP!*'*'*?
escalation of therapy after unsuccessful empiric therapy
still carries an increased risk of mortalitym”, knowing
the patient’s previous contact to the health-care system,
used antibiotics, co-morbidities, and the local antibiotic
susceptibility spectrum™ is crucial for successful imple-
mentation of effective antimicrobial strategies. Whereas
the frequency of multiresistant bacteria isolated from

. Since

culture-positive bacterial infections in cirrhosis remained
small for community-acquired infections, it has reached
40% in several tertiary hospitals around the globe result-
ing in a less than 50% resolution rate for nosocomial
infections in cirrhosis™"”""*¥. Both, extended spectrum
beta-lactamases (ESBL)-producing Ewnterobacteriaceae (pre-
dominantly in Southern Burope) and Enferococcus spp.
(predominantly in Central Europe) are of increasing
relevance in nosocomial SBP in Europe because both are
associated with resistance to third-generation cephalo-
spotins (TGC) which are currently used as the first line
empiric therapy for community-acquired and healthcare-
acquired SBPIPOELI A consequence, nosocomial
acquisition has emerged as an important determinant for
not surviving SBP, doubling the risk of mortality within
30 d“SO].

Since colonization with ESBL-producing Enterobac-
teriaceae seems not to correlate with the development of
TGC-resistant infections in cirrhosis!™, stool screening
has currently no role for identifying hospitalized patients
at risk. Therefore, clinicians are advised to carefully check
the following risk factors for TGC-tresistant and multire-
sistant bacteria in infected cirrhotic patients before initi-
ating empiric antibiotic therapy: nosocomial acquisition,
previous antibiotic treatment (norfloxacin prophylaxis,
B-lactam use within the last three months), previous
infection by multiresistant bacteria, diabetes mellitus,
and upper GI bleeding[4’43’]54]. Until now, no randomized
controlled trials have evaluated the efficacy of empiric
therapy with carbapenems, tigecycline, or addition of
anti-enterococcal antibiotics (ampicillin, vancomycin) in
the setting of hospital-acquired infections in cirrhosis.
Therefore, clinicians are advised to implement the five
main aspects summarized as the Tarragona strategy'
(1) Recognize individual risk factors; (2) Know local epi-
demiology; (3) Treat immediately and broad enough; (4)
Select the ideal antibiotic for the site of infection; and (5)
Re-evaluate your therapy after three days.

CONCLUSION

Patients with decompensated cirrhosis represent a highly
vulnerable population with structural, immunological
and hemodynamic abnormalities, which render them
susceptible to bacterial infections, pronounced systemic
inflammation, organ failure, and death (Figure 1). Despite
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increasing understanding of underlying pathophysiology
and mechanisms of organ failure, the outcome of bacte-
rial infections in cirrhosis has remained poor over last
decades. Antibacterial prophylaxis is effective in prevent-
ing infectious complications but increasing antimicrobial
resistance demands its restriction to patients at the high-
est risk. Non-antibiotic approaches to decrease the risk
of bacterial infections by reducing pathological BT (pro-
biotics, prokinetics, bile acids) or restoring dysfunctional
immune responses (anti-inflammatory strategies, immune
therapy) are desperately needed as we enter the post-an-
tibiotic era. Until then, basic measures of infection pre-
vention (vaccinations, hygiene, nutrition), antimicrobial
de-escalation strategies, and surveillance for early signs
of organ dysfunction are required to reduce the burden
associated with bacterial infections in cirrhosis.
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