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Abstract

Despite major advances in the knowledge and man-
agement of liver diseases achieved in recent decades,
decompensation of cirrhosis still carries a high burden
of morbidity and mortality. Bacterial infections are
one of the main causes of decompensation. It is very
important for clinical management to be aware of the
population with the highest risk of poor outcome. This
review deals with the new determinants of prognosis in
patients with cirrhosis and bacterial infections reported
recently. Emergence of multiresistant bacteria has led
to an increasing failure rate of the standard empiri-
cal antibiotic therapy recommended by international
guidelines. Moreover, it has been recently reported that
endothelial dysfunction is associated with the degree
of liver dysfunction and, in infected patients, with the
degree of sepsis. It has also been reported that relative
adrenal insufficiency is frequent in the non-critically ill
cirrhotic population and it is associated with a higher
risk of developing infection, severe sepsis, hepatorenal
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syndrome and death. We advise a change in the stand-
ard empirical antibiotic therapy in patients with high
risk for multiresistant infections and also to take into
account endothelial and adrenal dysfunction in prog-
nostic models in hospitalized patients with decompen-
sated cirrhosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Despite major advances in the management
of cirrhosis, it still carries high morbidity and mortality.
Bacterial infection is one of the major causes of decom-
pensation. This review deals with the new determinants
of prognosis in patients with cirrhosis and bacterial
infection reported recently. It summarizes the existing
evidence for emergence of multiresistant bacteria, en-
dothelial dysfunction, and relative adrenal insufficiency;
and resultant changes in medical practice are given.

Acevedo J, Fernandez J. New determinants of prognosis in
bacterial infections in cirrhosis. World J Gastroenterol 2014;
20(23): 7252-7259 Available from: URL: http://www.wjgnet.
com/1007-9327/tull/v20/i23/7252.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.123.7252

INTRODUCTION

Decompensation of liver cirrhosis carries a huge bur-
den of morbidity and mortality in society. In the past 30
years there has been major progress in the knowledge
and management of liver disease; despite this, there are
approximately 29 million people in the European Union
who still suffer from a chronic liver condition. Available
data suggest that about 0.1% of the European popula-
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tion is affected by cirrhosis, corresponding to 14-26 new
cases per 100000 inhabitants per year or an estimated
170000 deaths per year?.

Bacterial infection is a major cause of decompensa-
tion. Patients with cirrhosis are at an increased risk of
developing bacterial infections, sepsis, severe sepsis
and death”. Thus, infection is present at admission or
develops during hospitalization in about 25%-30% of
patients™”. Bacterial infection is not only more frequent
but also more severe in cirrhosis, causing a four-fold
increase in the probability of death, reaching 38% at 1
mo'”. Infection can accentuate circulatory dysfunction
leading to the development of hepatorenal syndrome
(HRS) and can also induce an excessive pro-inflammatory
response that could contribute to the development of
sepsis-related organ failure (acute-on-chronic liver failure)
and septic shock. Therefore, it is important to identify
determinants of poor prognosis in patients with bacterial
infections and cirrhosis in order to be alert to the group
of patients with highest risk of death and, if possible,
reverse the deleterious effect of these determinants by
modifying the standard clinical practice performed in this
major disease.

This review aims to summarize the recently reported
data regarding recent changes in the epidemiology of
bacterial infections in cirrhosis, endothelial dysfunction,
and relative adrenal insufficiency; all of which are the new
determinants of prognosis in patients with cirrhosis and
bacterial infections reported recently.

EMERGENCE OF MULTIRESISTANT
BACTERIA IN CIRRHOSIS

The discovery of antibiotics in the early to mid-20" cen-
tury remains one of the most significant achievements
to date, but inherent with its use is the development of
antimicrobial resistance. In consequence, epidemiology
of bacterial infections is continuously changing and the
emergence of multiresistant (MR) bacteria in the general
and cirrhotic population has risen as a new determinant
of prognosis.

In the 1980s, epidemiological surveillance showed
that most infections were community acquired and ap-
proximately 70% to 80% of the isolated organisms were
gram-negative bacilli (GNB)™. Since the 1990s, practice
in hepatology has involved invasive procedures (.e.,
variceal ligation, transjugular intrahepatic portosystemic
shunt, and arterial chemoembolization or percutaneous
ablation of hepatocellular carcinoma) and also severely
ill patients have been treated in Intensive Care Units.
Consequently, in the 2000s some important changes were
reported: 39% of infections were of nosocomial origin
and gram positive cocci (GPC) was the most frequently
isolated bacteria in the nosocomial setting. GPC were
also isolated more frequently in the admissions which re-
quired invasive procedures or treatment in the Intensive
Care Unit. Another important change observed was the
emergence of SBP caused by quinolone-resistant GNB
in patients under long-term norfloxacin prophylaxis. At
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that time, only 1.2% of infections caused by Enterobacte-
riaceae wete resistant to third generation cephalosporines
(TGC)™. On that account, international clinical guidelines
recommend the use of TGC to treat the most common
infections in cirrhosis as they are active against Enferobac-
teriaceae and streptococci, but not against enterococci, and
. [8-10]
they also have a good security profile™ .

Types of multiresistance patterns around the world
The employment of TGC for two decades has led to
the emergence of MR bacteria, as evidenced by various
reports from very different geographical areas™ ' . MR
bacteria are resistant to at least three of the main anti-
biotic families including ﬁ—lactamicsm]. The most com-
mon MR bacteria are extended-spectrum [-lactamase-
producing Enterobacteriaceae (ESBL), non-fermentable
GNB such as Psexdomonas aeruginosa, Stenotrophomonas
maltophilia or Acinetobacter baumanii, methicillin-resistant
Staphylococcus anrens (MRSA), vancomycin-susceptible
Enterococcus (VSE) and vancomycin-resistant Enterococcus
The emergence of MR bacteria is present worldwide,
but in a heterogeneous manner. Thus, different geo-
graphical areas have different epidemiological patterns of
multiresistance; for example, ESBL-producing Enterobac-
teriaceae are predominant in South Europe and Asia®"™]
while MRSA and VRE are frequently isolated in cent-
ers of the United States™. Moteover, Carbapenemase-
producing K. pneumoniae has only been reported in some
centers in Ttaly”™, Table 1 summarizes the prevalence and
risk factors for the development of MR bacteria across
the world.

Risk factors and clinical impact of multiresistance
bacterial infections

The main risk factors for the development of infections
caused by MR bacteria are: nosocomial origin of infec-
tion [hazard ratio (HR): 4.43], long-term norfloxacin
prophylaxis (HR: 2.69), recent infection by an MR bacte-
ria (HR: 2.45), and recent use of B-lactams (HR: 2.39)7,
Other reports suggest that infections that develop in the
setting of recent contact with the health-care environ-
ment (health-care associated), like dialysis centers, are also
at risk of developing MR bacteria infections"”.

The emergence of MR bacteria has a major impact on
the clinical evolution of infected patients with cirrhosis,
through impairment of the efficacy of standard empiri-
cal antibiotic therapy. In an in-depth prospective study
regarding this topic, the final resolution of infection was
still high in community-acquired infections (83%), but
low in healthcare associated infections (73%), and ex-
tremely low in nosocomial infections (40%)". Final reso-
lution was significantly lower in infections caused by mul-
tiresistant strains (70% o5 92%, P < 0.0001), particularly
in SBP and pneumonia (50% and 55%, respectively). In
consequence, septic shock was more frequently observed
in MR infections (26% »s 10%, P < 0.0001) and hospital
mortality in MR infections duplicate that observed in in-
fections caused by susceptible bacteria (25% o5 12%, P =
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Table 1 Prevalence, clinical impact and risk factors of multiresistant bacterial infections around the world

Risk factors Clinical impact

Ref. Infections Prevalence of MR bacteria
Song et al"!, SBP 29% ESBL-producing Enterobacteriaceae:
2006 South Korea 14% in community-acquired, 67% in
nosocomial episodes
Angeloni et al'", SBP 8% ESBL-producing Enterobacteriaceae
2008 Italy
Umgelter et al™, SBP 10% VSE, 1% Pseudomonas aeruginosa
2009 Germany
Piroth et al"”, SBP and 8% MRSA
2009 France bacterioascites 5% VSE
4% ESBL-producing Enterobacteriaceae
Cheong et al™, SBP 15% ESBL-producing Enterobacteriaceae
2009 South Korea
Song et al™, SBP 4%-7.5% ESBL-producing
2009 South Korea Enterobacteriaceae
Merli et al™®, All 20% ESBL-producing Enterobacteriaceae
2010 Italy 7% MRSA
Ariza et al"”, SBP 6% ESBL-producing Enterobacteriaceae
2012 Spain 2% Pseudomonas aeruginosa
2% Acinetobacter baumannii
1% VSE
Fernandez et al”, All 8%-9% ESBL-producing Enterobacteriaceae
2012 Spain 3% Pseudomonas aeruginosa
3%-4% MRSA
3%-7% VSE
Novovic et al™, SBP 1% ESBL-producing Enterobacteriaceae
2012 Denmark 12% VSE-VRE
Tandon et al®, All 9% VRE
2012 United States 6.5% ESBL-producing Enterobacteriaceae

5% MRSA

Treatment with B-lactams in the last 3 mo

No data No impact

Healthcare-associated infections Higher initial treatment failure

No impact on mortality

No data Higher initial treatment failure
Higher hospital mortality
No data No data

Previous exposition to B-lactams
Nosocomial infection
Recent hospital stay
Previous SBP
Antibiotic treatment in the last month

Independent predictor of 30-d
mortality
Higher initial treatment failure
Higher hospital and 30-d
mortality
Antibiotic treatment in the last month Higher hospital mortality
HCA infection
Nosocomial infection Independent predictor of
Previous exposition to B-lactams mortality at 30 d
Diabetes mellitus
Upper gastrointestinal bleeding
Nosocomial infection Lower infection resolution
Long-term norfloxacin prophylaxis Higher risk of septic shock
Higher hospital mortality
MR bacteria in the last 6 mo
No data Higher hospital mortality
Systemic antibiotics in the past 30 d No data

Nosocomial infection

ESBL: Extended-spectrum B-lactamase-producing Enterobacteriaceae (bacteria with chromosomal B-lactamases are also included); MRSA: Methicillin-resistant

Staphylococcus aureus; VSE: Vancomycin-susceptible enterococci; VRE: Vancomycin-resistant enterococci; SBP: Spontaneous bacterial peritonitis.

0.001)".

New recommendations of empirical antibiotic therapy
According to this new epidemiological data it has been
recommended to change the empirical antibiotic therapy
(7.e., third generation cephalosporins) employed in no-
socomial infections. Marked epidemiological differences
observed among countries and centers suggest that lo-
cal epidemiology should be evaluated regularly and new
guidelines should be tailored according to the specific lo-
cal epidemiological pattern of multiresistance'”.

In general, our recommendation for nosocomial in-
fections is that in areas with a high prevalence of ESBL-
producing Enterobacteriaceae, carbapenems should be used.
It is also important to tailor the antibiotics according
to the severity of infection: in severe sepsis and septic
shock it is important to cover all possible bacteria, there-
fore glycopeptides should be added”. In areas with high
prevalence of VSE and MRSA, a glycopeptide should be
used. In the United States and other regions with a high
rate of infections caused by VRE, glycopeptides should
be replaced by linezolid or daptomycin. In areas with low
prevalence of MR bacteria but high prevalence of Entero-
coceus faecalis, piperacillin-tazobactam should be used.

In healthcare associated infections our recommenda-
tion is to treat as nosocomial infections those patients
under long-term norfloxacin prophylaxis or those with an
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MR bacteria infection in the previous six months because
these two factors identify a subgroup of patients with
high risk of MR bacteria infection (Figure 1).

In summary, recent data demonstrate that currently
recommended empirical antibiotic therapy is not ap-
propriate for the treatment of nosocomial and some
healthcare associated infections in cirrhosis because of
the high prevalence of MR bacteria in these settings.
New antibiotic strategies for these infections should be
tailored according to the local epidemiological patterns
of multiresistance and early de-escalation of antibiotics
according to the microbiological results is also mandatory
to slow down the development of new resistances.

CIRCULATORY AND ENDOTHELIAL
DYSFUNCTION

It is well known that a clinically important characteristic

of cirrhotic patients is systemic circulatory dysfunction
which is characterized by arterial splanchnic vasodilation
which progresses in parallel with the degree of liver im-
pairment and portal hypertension. This situation is due to
a local release of vasoactive substances, especially nitric

oxide” ™ but also prostaglandines, P substance, carbon
monoxide, calcitonin gene-related peptide and endocan-

nabinoids™ ", In the initial phase of the disease, the
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Spontaneous bacterial infection
(SBP, SBE or SB)

Community-acquired
infection

Health-care associated
infection

Nosocomial
infection

Presence of at least 1 risk factor
for multiresistant bacteria' or
severe sepsis or shock?

o}

Third-generation
cephalosporins

Yes

PPZ/TZB or
carbapenem +
glycopeptide®

Figure 1 Proposed algorithm for the empirical treatment of infections in cirrhosis.'Risk factors for multiresistant bacteria in Health care associated infections
are long-term norphloxacin prophylaxis or previous infection by multiresistant (MR) bacteria within 6 mo; *Piperaziline/tazobactam in areas of low MR bacteria but high
Enterococcus faecalis prevalence. Meropenem and glycopeptides in areas with high prevalence of extended-spectrum B-lactamase-producing Enterobacteriaceae
and methicillin-resistant Staphylococcus aureus. SBP: Spontaneous bacterial peritonitis; SBE: Spontaneous bacterial empyema; SB: Spontaneous bacteremia; PPZ/

TZB: Piperaziline/tazobactam.

reduction of effective arterial volume is compensated for
by an increase in cardiac output. Nevertheless, while liver
dysfunction progresses patients develop cirrhotic cardio-
myopathy characterized by diastolic dysfunction which
can affect inotropic function during stress” ™. Therefore,
patients develop arterial hypotension and compensating
activity of vasoactive systems (sympathetic and renin-
angiotensin-aldosterone) with sodium and water reten-
tion and ascites production[zﬂ. When circulatory dys-
function continues to progress, vasopressin is activated
which leads to dilutional hyponatremia and hepatorenal
syndrome™

Bacterial infection is a main cause of circulatory dys-
function. Infection in cirrhosis is characterized by a more
intense inflammatory response than that observed in non-
cirthotic population. Accordingly, cirrhotic patients with
SBP present very high levels of cytokines” which exacer-
bate circulatory dysfunctjon[371. Thus, infection in a patient
with baseline circulatory dysfunction can have devastat-
ing effects. Up to 30% of patients develop progressive
circulatory dysfunction with acute renal failure, cardiac
impairment, hepatic encephalopathy, type-1 hepatorenal
syndrome and death®. On that account, expansion of ef-
fective arterial volume with intravenous albumin reduces
renal failure and improves survival in SBP™,

Moreover, advanced cirrhosis is characterized by an in-
creased intestinal permeability and bacterial translocation
which results in severe infections like spontaneous bacte-
rial peritonitis, spontaneous bacteremia, and spontaneous
empyema™**), Increased intestinal permeability is caused
by many factors including structural changes in intestinal
mucosa due to circulatory dysfunction™*, hypomotility
secondary to sympathetic nervous system hyperactivity,
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and oxidative damage produced by high levels of nitric
oxide and proinflaimmatory cytoldnes[44’451. Translocation
of not only viable bacteria, but also bacterial products like
DNA, have been associated with a higher inflammatory
response and worse prognosis, due to the development of
acute-on-chronic liver failure**".

Endothelial dysfunction
There are well recognized markers of endothelial dys-
function; these involve mainly the von Willebrand factor
(vWE), but also P-selectin and isoprostanes. It has been
reported that serum levels of vWF increase according to
the degree of liver dysfunction and portal hypertension.
Endothelial dysfunction, and higher levels of vWF have
been associated with a higher incidence of decompensa-
tions related to portal hypertension and mortalityl48’491. In
one study it has been suggested that vWF is released in the
hepatosplanchnic vascular bed™. Furthermore, regarding
infection in cirrhosis, it has been reported that the degree
of endothelial dysfunction increases according to the de-
gree of sepsis, VWFE serum levels increased progressively
among non infected patients, infected patients without
sepsis, infected patients with sepsis and, showing the high-
est levels of vWF, patients with septic shock™ (Figure 2).
The high mortality associated with endothelial dys-
function could be explained beyond its association with
circulatory dysfunction. The increasing levels of vWF in
parallel with increasing degrees of sepsis would reflect
increasing endothelial activation produced by increasing
levels of cytokines. Moreovet, cytokines and inflamma-
tion activate coagulation cascade and lead to hemostatic
abnormalities leading to poor organ perfusion reaching,
in some cases, the extreme degree of disseminated intra-
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Figure 2 Correlation between von Willebrand factor and degree of sepsis.
SIRS: Systemic inflammatory response syndrome. (thanks Hepatology journal
for permission to reproduce the figure).

vascular coagulation and multiple organ failure.

In summary, endothelial dysfunction is cleatly associ-
ated with poor prognosis and vWF should be taken into
account in predictive models in hospitalized patients.

ADRENAL DYSFUNCTION

A normal adrenal function is essential to surviving criti-
cal illness. Cortisol maintains vascular tone, endothelial
integrity, vascular permeability and total corporal water
distribution”". In consequence, an inappropriate adrenal
response, ze., relative adrenal insufficiency (RAI), during
a critical illness like severe sepsis or septic shock has im-
portant clinical consequences. These patients secrete cor-
tisol and corticotrophin at the initial stage of the disease,
but less than needed to overcome stress. Activation of
the axis is triggered by cytokines and other factors that
promote the release of corticotrophin releasing hormone
(CRH) and vasopressin in the hypothalarnusw’szl. These
hormones stimulate pituitary secretion of corticotrophin
(ACTH) which induces adrenal production of cortisol. In
addition, the levels of cortisol binding protein decrease
fast, leading to higher levels of free cortisol, which is the
active component of cortisol™. Furthermore, negative
feedback of cortisol upon CRH and ACTH is inactive,
thus maintained activation on the hypothalamic-pituitary-
adrenal axis can be exerted”". Finally, there is an increase
in the number and sensibility of cortisol receptors®*?,
In this sense, during critical illness there is an integrated
multilevel response that optimizes the cortisol effect in
peripheral tissues, and cytokines and bacterial products
are also able to modify the response of hypothalamic-
pituitary-adrenal axis at each level”" (Figure 3).

There is a high prevalence of RAI in patients with cir-
rhosis and septic shock and it is associated with liver and
renal failure, refractory septic shock and hospital mortal-
ity®". Two recent studies confirmed a high prevalence

ity

Baishidenge ~ WJG | www.wjgnet.com

Stress

l +

Hypothalamus

CRH + l ADH +

+ Pituitary gland
l +

Adrenal cortex

e

Immune and
inflammatory
reactions

Cytokines

Cardiovascular
system

Metabolic
effects

Figure 3 Hypothalamic-pituitary-adrenal axis in the critical illness. CRH:
Corticotrophin releasing hormone; ADH: Antidiuretic hormone; ACTH: Adreno-
corticotropic hormone. Original work of the authors.

58]

of RAI in septic shock”™ and in digestive bleeding™.
However, there are contradictory results on the beneficial
effects on outcome produced by the administration of
steroids at stress doses” "~ ; large-scale randomized con-
trolled trials are required to clarify this point.

It has recently been reported that RAI is not only
common in critically ill patients with cirrhosis but also in
non-critically ill patients hospitalized by decompensation
of cirrhosis. RAI prevalence in this setting is 26%, and
it is associated with a higher degree of circulatory dys-
function evidenced through lower mean arterial pressure
(76 £ 12 mmHg »s 83 = 14 mmHg, P = 0.009), higher
serum levels of noradrenaline (544 + 334 pg/mL vs 402
+ 316 pg/mL, P = 0.02), plasma renin activity (7.1 £ 9.9
ng/mLh »s 3.4 = 5.6 ng/mLh, P = 0.03), and lower se-
rum sodium levels (131 £ 7 mEq/L »s 135 £ 5 mEq/L,
P = 0.007). Furthermore, patients with RAI presented
a tendency to a higher inflammatory state with a higher
prevalence of systemic inflammatory response syndrome
(SIRS) (60% »s 41%, P = 0.08) and higher plasmatic lev-
els of tumoral necrosis factor alpha (54 £ 115 pg/mL »s
27 + 24 pg/ml) and intetleukine-6 (916 + 2532 pg/mL
vs 244 £ 439 pg/mlL). Patents with RAT showed a higher
probability of developing infections (41% »s 21%, P =
0.008), severe sepsis (27% vs 9%, P = 0.003), type-1 hepa-
torenal syndrome (16% »s 3%, P = 0.002), and death (22%
25 7%, P = 0.01) (Figures 4 and 5)""’.

The higher incidence of infections observed in pa-
tients with RAI is explained by the presence of an im-
portant circulatory dysfunction which leads to bactetial
translocation. The higher degree of inflaimmation would
contribute to mucosal barrier damage and bacterial trans-
location and also to the development of renal failure and
hepatorenal syndrome by worsening circulatory dysfunc-
tion, as already described. The addition of a baseline low
vascular tone and a functional deficit of cortisol which
leads to a further decrease in vascular tone would con-
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Figure 4 Probability of development of severe sepsis and septic shock in
patients with and without relative adrenal insufficiency. Probability of devel-
oping new episodes of severe sepsis or septic shock in patients with relative ad-
renal insufficiency (RAI) (continuous line) or with normal adrenal function (doted
line) during 3 mo follow-up. Probability was significantly higher in patients with
RAI. (thanks Hepatology journal for permission to reproduce the figure).

tribute to the development of severe sepsis and septic
shock™.

Circulatory dysfunction and inflammation are causes
of RAI through vasodilation and reduction in adrenal
blood flow which diminishes adrenal function; high levels
of proinflammatory cytokines also directly inhibit corti-
sol synthesis by the adrenal glands.

To sum up, RAI has a negative impact on prognosis
in critically-ill and non critically-ill cirrhotic patients and
large-scale randomized controlled trials should be per-
formed, aimed at evaluating cortisol supplementation
during critical illness and antibiotic prophylaxis during
admission in the non-critically ill population.

CONCLUSION

New determinants of prognosis in patients with liver
cirrhosis and bacterial infections have been identified in
recent years. Recent changes in epidemiology and new
findings in pathophysiology have been reported. On
one hand, it has been reported worldwide emergence of
multiresistant bacteria which leads to changes in the cur-
rent recommended empirical antibiotic therapy in those
patients with risk factors for MR bacteria infection, with
the warning of tailoring it according to local patterns of
multiresistance and de-escalating as soon as possible to
diminish the impact of wide-spectrum antibiotics on the
appearance of new resistant strains.

On the other hand, it has been reported an associa-
tion between endothelial dysfunction and higher portal
pressure and more episodes of decompensation of cir-
rhosis. Moreover, it is well known that relative adrenal
insufficiency is related with refractory shock and mortal-
ity in critically-ill cirrhotic patients, and, in addition, it has
been recently reported that relative adrenal insufficiency
is related with a high risk of developing infections, septic
shock and mortality in the non critically-ill cirrhotic pop-
ulation. Thus, endothelial dysfunction and relative adrenal
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Figure 5 Probability of survival at 3 mo in patients with and without rela-
tive adrenal insufficiency. Probability of survival at 3 mo in patients with rela-
tive adrenal insufficiency (RAI) (continuous line) or with normal adrenal function
(doted line). Probability was significantly higher in patients with RAI. (thanks
Hepatology journal for permission to reproduce the figure).

insufficiency are cleatly associated with poor prognosis
and should be taken into account in prognostic models in
hospitalized patients with decompensation of cirrhosis.
Trials focused on whether steroid administration in pa-
tients with septic shock and RAI improves survival, and
evaluation of antibiotic prophylaxis in the non critically-
ill population with RAI would be interesting fields of
research.

REFERENCES

1 Blachier M, Leleu H, Peck-Radosavljevic M, Valla DC,
Roudot-Thoraval F. The burden of liver disease in Europe: a
review of available epidemiological data. ] Hepatol 2013; 58:
593-608 [PMID: 23419824 DOI: 10.1016/j.jhep.2012.12.005]

2 Zatonski WA, Sulkowska U, Mariczuk M, Rehm J, Boffetta
P, Lowenfels AB, La Vecchia C. Liver cirrhosis mortality in
Europe, with special attention to Central and Eastern Eu-
rope. Eur Addict Res 2010; 16: 193-201 [PMID: 20606444 DOI:
10.1159/000317248]

3 Fernandez J, Gustot T. Management of bacterial infections in
cirrhosis. | Hepatol 2012; 56 Suppl 1: S1-12 [PMID: 22300459
DOI: 10.1016/50168-8278(12)60002-6]

4 Fernandez J, Navasa M, Gémez ], Colmenero J, Vila J, Ar-
royo V, Rodés J. Bacterial infections in cirrhosis: epidemio-
logical changes with invasive procedures and norfloxacin
prophylaxis. Hepatology 2002; 35: 140-148 [PMID: 11786970
DOI: 10.1053/jhep.2002.30082]

5 Fernandez J, Acevedo ], Castro M, Garcia O, de Lope CR,
Roca D, Pavesi M, Sola E, Moreira L, Silva A, Seva-Pereira T,
Corradi F, Mensa ], Gines P, Arroyo V. Prevalence and risk
factors of infections by multiresistant bacteria in cirrhosis:
a prospective study. Hepatology 2012; 55: 1551-1561 [PMID:
22183941 DOI: 10.1002/hep.25532]

6 Arvaniti V, D’Amico G, Fede G, Manousou P, Tsochatzis
E, Pleguezuelo M, Burroughs AK. Infections in patients
with cirrhosis increase mortality four-fold and should
be used in determining prognosis. Gastroenterology 2010;
139: 1246-1256, 1246-1256 [PMID: 20558165 DOI: 10.1053/
j-gastro.2010.06.019]

7 Foreman MG, Mannino DM, Moss M. Cirrhosis as a risk
factor for sepsis and death: analysis of the National Hos-
pital Discharge Survey. Chest 2003; 124: 1016-1020 [PMID:
12970032 DOI: 10.1378/ chest.124.3.1016]

June 21, 2014 | Volume 20 | Issue 23 |



10

11

12

13

14

15

16

17

18

19

20

21

JRaishideng®

Acevedo J et a/. New determinants of prognosis in bacterial infections

Rimola A, Garcia-Tsao G, Navasa M, Piddock L], Planas R,
Bernard B, Inadomi JM. Diagnosis, treatment and prophy-
laxis of spontaneous bacterial peritonitis: a consensus docu-
ment. International Ascites Club. ] Hepatol 2000; 32: 142-153
[PMID: 10673079 DOI: 10.1016/50168-8278(00)80201-9]
Runyon BA. Management of adult patients with ascites due
to cirrhosis: an update. Hepatology 2009; 49: 2087-2107 [PMID:
19475696 DOI: 10.1002/ hep.22853]

European Association for the Study of the Liver. EASL
clinical practice guidelines on the management of ascites,
spontaneous bacterial peritonitis, and hepatorenal syndrome
in cirrhosis. ] Hepatol 2010; 53: 397-417 [PMID: 20633946 DOI:
10.1016/j.jhep.2010.05.004]

Park YH, Lee HC, Song HG, Jung S, Ryu SH, Shin JW,
Chung YH, Lee YS, Suh DJ. Recent increase in antibiotic-
resistant microorganisms in patients with spontaneous bac-
terial peritonitis adversely affects the clinical outcome in Ko-
rea. | Gastroenterol Hepatol 2003; 18: 927-933 [PMID: 12859722
DOI: 10.1046/}.1440-1746.2003.03086.x]

Song KH, Jeon JH, Park WB, Park SW, Kim HB, Oh MD,
Lee HS, Kim NJ, Choe KW. Clinical outcomes of spontane-
ous bacterial peritonitis due to extended-spectrum beta-
lactamase-producing Escherichia coli and Klebsiella species:
a retrospective matched case-control study. BMC Infect Dis
2009; 9: 41 [PMID: 19361340 DOI: 10.1186/1471-2334-9-41]
Cheong HS, Kang CI, Lee JA, Moon SY, Joung MK, Chung
DR, Koh KC, Lee NY, Song JH, Peck KR. Clinical significance
and outcome of nosocomial acquisition of spontaneous bac-
terial peritonitis in patients with liver cirrhosis. Clin Infect Dis
2009; 48: 1230-1236 [PMID: 19302016 DOI: 10.1086/597585]
Song JY, Jung SJ, Park CW, Sohn JW, Kim W], Kim M],
Cheong H]J. Prognostic significance of infection acquisition
sites in spontaneous bacterial peritonitis: nosocomial ver-
sus community acquired. | Korean Med Sci 2006; 21: 666-671
[PMID: 16891810 DOI: 10.3346/jkms.2006.21.4.666]

Kang CI, Kim SH, Park WB, Lee KD, Kim HB, Oh MD,
Kim EC, Lee HS, Choe KW. Clinical outcome of bacteremic
spontaneous bacterial peritonitis due to extended-spectrum
beta-lactamase-producing Escherichia coli and Klebsiella
pneumoniae. Korean | Intern Med 2004; 19: 160-164 [PMID:
15481607]

Merli M, Lucidi C, Giannelli V, Giusto M, Riggio O, Falcone
M, Ridola L, Attili AF, Venditti M. Cirrhotic patients are
at risk for health care-associated bacterial infections. Clin
Gastroenterol Hepatol 2010; 8: 979-985 [PMID: 20621200 DOI:
10.1016/j.cgh.2010.06.024]

Ariza X, Castellote ], Lora-Tamayo J, Girbau A, Salord S,
Rota R, Ariza J, Xiol X. Risk factors for resistance to ceftri-
axone and its impact on mortality in community, health-
care and nosocomial spontaneous bacterial peritonitis. |
Hepatol 2012; 56: 825-832 [PMID: 22173153 DOI: 10.1016/
jjhep.2011.11.010]

Campillo B, Dupeyron C, Richardet JP, Mangeney N, Leluan
G. Epidemiology of severe hospital-acquired infections in
patients with liver cirrhosis: effect of long-term administra-
tion of norfloxacin. Clin Infect Dis 1998; 26: 1066-1070 [PMID:
9597225 DOI: 10.1086/520273]

Piroth L, Pechinot A, Minello A, Jaulhac B, Patry I, Hadou T,
Hansmann Y, Rabaud C, Chavanet P, Neuwirth C. Bacterial
epidemiology and antimicrobial resistance in ascitic fluid: a
2-year retrospective study. Scand | Infect Dis 2009; 41: 847-851
[PMID: 19922067 DOI: 10.3109/00365540903244535]
Umgelter A, Reindl W, Miedaner M, Schmid RM, Huber W.
Failure of current antibiotic first-line regimens and mortality
in hospitalized patients with spontaneous bacterial perito-
nitis. Infection 2009; 37: 2-8 [PMID: 19169633 DOI: 10.1007/
515010-008-8060-9]

Novovic S, Semb S, Olsen H, Moser C, Knudsen JD, Homann
C. First-line treatment with cephalosporins in spontaneous
bacterial peritonitis provides poor antibiotic coverage. Scand

WJG | www.wjgnet.com

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

] Gastroenterol 2012; 47: 212-216 [PMID: 22191479 DOI: 10.310
9/00365521.2011.645502]

Tandon P, Delisle A, Topal JE, Garcia-Tsao G. High preva-
lence of antibiotic-resistant bacterial infections among pa-
tients with cirrhosis at a US liver center. Clin Gastroenterol
Hepatol 2012; 10: 1291-1298 [PMID: 22902776 DOI: 10.1016/
j.cgh.2012.08.017]

Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas
ME, Giske CG, Harbarth S, Hindler JF, Kahlmeter G, Olsson-
Liljequist B, Paterson DL, Rice LB, Stelling J, Struelens MJ,
Vatopoulos A, Weber JT, Monnet DL. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant bacteria: an
international expert proposal for interim standard definitions
for acquired resistance. Clin Microbiol Infect 2012; 18: 268-281
[PMID: 21793988 DOI: 10.1111/}.1469-0691.2011.03570.x]
Piano S, Romano A, Rosi S, Gatta A, Angeli P. Spontaneous
bacterial peritonitis due to carbapenemase-producing Kleb-
siella pneumoniae: the last therapeutic challenge. Eur | Gas-
troenterol Hepatol 2012; 24: 1234-1237 [PMID: 22713510 DOI:
10.1097 / MEG.0b013e328355d8a2]

Acevedo ], Silva A, Prado V, Fernandez J. The new epi-
demiology of nosocomial bacterial infections in cirrhosis:
therapeutical implications. Hepatol Int 2013; 7: 72-79 [DOIL:
10.1007/s12072-012-9396-x]

Schrier RW, Arroyo V, Bernardi M, Epstein M, Henriksen
JH, Rodés J. Peripheral arterial vasodilation hypothesis: a
proposal for the initiation of renal sodium and water re-
tention in cirrhosis. Hepatology 1988; 8: 1151-1157 [PMID:
2971015 DOI: 10.1002/ hep.1840080532]

Vallance P, Moncada S. Hyperdynamic circulation in cirrho-
sis: a role for nitric oxide? Lancet 1991; 337: 776-778 [PMID:
1706450 DOI: 10.1016/0140-6736(91)91384-7]

Bomzon A, Blendis LM. The nitric oxide hypothesis and the
hyperdynamic circulation in cirrhosis. Hepatology 1994; 20:
1343-1350 [PMID: 7927270 DOI: 10.1002/ hep.1840200535]
Bruix J, Bosch J, Kravetz D, Mastai R, Rodés J. Effects of
prostaglandin inhibition on systemic and hepatic hemody-
namics in patients with cirrhosis of the liver. Gastroenterology
1985; 88: 430-435 [PMID: 3965332]

Fernindez-Rodriguez CM, Prieto ], Quiroga J, Zozoya JM,
Andrade A, Nufiez M, Sangro B, Penas ]. Plasma levels of
substance P in liver cirrhosis: relationship to the activa-
tion of vasopressor systems and urinary sodium excretion.
Hepatology 1995; 21: 35-40 [PMID: 7528711 DOI: 10.1002/
hep.1840210108]

De las Heras D, Fernandez J, Gines P, Cardenas A, Ortega R,
Navasa M, Barbera JA, Calahorra B, Guevara M, Bataller R,
Jiménez W, Arroyo V, Rodés J. Increased carbon monoxide
production in patients with cirrhosis with and without spon-
taneous bacterial peritonitis. Hepatology 2003; 38: 452-459
[PMID: 12883490 DOI: 10.1053/jhep.2003.50304]

Bendtsen F, Schifter S, Henriksen JH. Increased circulating
calcitonin gene-related peptide (CGRP) in cirrhosis. ] Hepatol
1991; 12: 118-123 [PMID: 2007768 DOI: 10.1016/0168-8278(91
190920-7]

Caraceni P, Domenicali M, Giannone F, Bernardi M. The role
of the endocannabinoid system in liver diseases. Best Pract
Res Clin Endocrinol Metab 2009; 23: 65-77 [PMID: 19285261
DOI: 10.1016/j.beem.2008.10.009]

Ruiz-del-Arbol L, Monescillo A, Arocena C, Valer P, Gines
P, Moreira V, Milicua JM, Jiménez W, Arroyo V. Circulatory
function and hepatorenal syndrome in cirrhosis. Hepatology
2005; 42: 439-447 [PMID: 15977202 DOI: 10.1002/hep.20766]
Salerno F, Gerbes A, Ginés P, Wong F, Arroyo V. Diagno-
sis, prevention and treatment of hepatorenal syndrome in
cirrhosis. Postgrad Med ]| 2008; 84: 662-670 [PMID: 19201943
DOI: 10.1136/ gut.2006.107789]

Navasa M, Follo A, Filella X, Jiménez W, Francitorra A,
Planas R, Rimola A, Arroyo V, Rodés J. Tumor necrosis fac-
tor and interleukin-6 in spontaneous bacterial peritonitis in

June 21, 2014 | Volume 20 | Issue 23 |



37

38

39

40

41

42

43

44

45

46

47

48

JRaishideng®

Acevedo J et al. New determinants of prognosis in bacterial infections

cirrhosis: relationship with the development of renal impair-
ment and mortality. Hepatology 1998; 27: 1227-1232 [PMID:
9581675 DOI: 10.1002/ hep.510270507]

Gines P, Schrier RW. Renal failure in cirrhosis. N Engl ] Med
2009; 361: 1279-1290 [PMID: 19776409 DOI: 10.1056/ NEJM-
ra0809139]

Follo A, Llovet JM, Navasa M, Planas R, Forns X, Francitorra
A, Rimola A, Gassull MA, Arroyo V, Rodés J. Renal impair-
ment after spontaneous bacterial peritonitis in cirrhosis:
incidence, clinical course, predictive factors and prognosis.
Hepatology 1994; 20: 1495-1501 [PMID: 7982650 DOI: 10.1002/
hep.1840200619]

Sort P, Navasa M, Arroyo V, Aldeguer X, Planas R, Ruiz-del-
Arbol L, Castells L, Vargas V, Soriano G, Guevara M, Gines P,
Rodés J. Effect of intravenous albumin on renal impairment
and mortality in patients with cirrhosis and spontaneous
bacterial peritonitis. N Engl | Med 1999; 341: 403-409 [PMID:
10432325 DOI: 10.1056/ NEJM199908053410603]

Wiest R, Garcia-Tsao G. Bacterial translocation (BT) in cir-
rhosis. Hepatology 2005; 41: 422-433 [PMID: 15723320 DOI:
10.1002/hep.20632]

Pascual S, Such ], Esteban A, Zapater P, Casellas JA, Apari-
cio JR, Girona E, Gutiérrez A, Carnices F, Palazén JM, Sola-
Vera ], Pérez-Mateo M. Intestinal permeability is increased
in patients with advanced cirrhosis. Hepatogastroenterology
2003; 50: 1482-1486 [PMID: 14571769]

Norman DA, Atkins JM, Seelig LL, Gomez-Sanchez C, Krejs
GJ. Water and electrolyte movement and mucosal morphol-
ogy in the jejunum of patients with portal hypertension. Gas-
troenterology 1980; 79: 707-715 [PMID: 7409388]

Misra V, Misra SP, Dwivedi M, Gupta SC. Histomorpho-
metric study of portal hypertensive enteropathy. Am | Clin
Pathol 1997; 108: 652-657 [PMID: 9384446]

Guarner C, Soriano G, Tomas A, Bulbena O, Novella MT,
Balanzo J, Vilardell F, Mourelle M, Moncada S. Increased
serum nitrite and nitrate levels in patients with cirrhosis:
relationship to endotoxemia. Hepatology 1993; 18: 1139-1143
[PMID: 8225220 DOI: 10.1002/ hep.1840180520]

Tilg H, Wilmer A, Vogel W, Herold M, Nolchen B, Judmaier
G, Huber C. Serum levels of cytokines in chronic liver dis-
eases. Gastroenterology 1992; 103: 264-274 [PMID: 1612333]
Zapater P, Francés R, Gonzélez-Navajas JM, de la Hoz MA,
Moreu R, Pascual S, Monfort D, Montoliu S, Vila C, Escudero
A, Torras X, Cirera I, Llanos L, Guarner-Argente C, Palazén
JM, Carnicer F, Bellot P, Guarner C, Planas R, Sola R, Serra
MA, Muiioz C, Pérez-Mateo M, Such J. Serum and ascitic
fluid bacterial DNA: a new independent prognostic factor
in noninfected patients with cirrhosis. Hepatology 2008; 48:
1924-1931 [PMID: 19003911 DOI: 10.1002/ hep.22564]

Bellot P, Francés R, Such J. Pathological bacterial transloca-
tion in cirrhosis: pathophysiology, diagnosis and clinical
implications. Liver Int 2013; 33: 31-39 [PMID: 23121656 DOI:
10.1111/1iv.12021]

Ferlitsch M, Reiberger T, Hoke M, Salzl P, Schwengerer B,
Ulbrich G, Payer BA, Trauner M, Peck-Radosavljevic M, Fer-
litsch A. von Willebrand factor as new noninvasive predictor
of portal hypertension, decompensation and mortality in
patients with liver cirrhosis. Hepatology 2012; 56: 1439-1447
[PMID: 22532296 DOI: 10.1002/hep.25806]

WJG | www.wjgnet.com

49

50

51

52

53

54

55

56

57

58

59

60

61

La Mura V, Reverter JC, Flores-Arroyo A, Raffa S, Reverter
E, Seijo S, Abraldes ]G, Bosch ], Garcia-Pagén JC. Von Will-
ebrand factor levels predict clinical outcome in patients with
cirrhosis and portal hypertension. Gut 2011; 60: 1133-1138
[PMID: 21427197 DOI: 10.1136/ gut.2010.235689]

Acevedo J, Fernandez J, Castro M, Silvo A, Roco D, Gines
P, Arroyo V. Endothelial dysfunction is associated to poor
prognosis in advanced cirrhosis. Hepatology 2011; 54 (Suppl4):
477A

Cooper MS, Stewart PM. Corticosteroid insufficiency in
acutely ill patients. N Engl ] Med 2003; 348: 727-734 [PMID:
12594318 DOI: 10.1056/ NEJMra020529]

Schuetz P, Miiller B. The hypothalamic-pituitary-adrenal
axis in critical illness. Endocrinol Metab Clin North Am 2006;
35: 823-38, x [PMID: 17127149 DOI: 10.1016/j.ec1.2006.09.013]
Hamrahian AH, Oseni TS, Arafah BM. Measurements of
serum free cortisol in critically ill patients. N Engl | Med
2004; 350: 1629-1638 [PMID: 15084695 DOI: 10.1056/ NE]-
Mo0a020266]

Marik PE, Gayowski T, Starzl TE. The hepatoadrenal syn-
drome: a common yet unrecognized clinical condition.
Crit Care Med 2005; 33: 1254-1259 [PMID: 15942340 DOI:
10.1097/01.CCM.0000164541.12106.57]

Fernandez J, Escorsell A, Zabalza M, Felipe V, Navasa M,
Mas A, Lacy AM, Gines P, Arroyo V. Adrenal insufficiency
in patients with cirrhosis and septic shock: Effect of treat-
ment with hydrocortisone on survival. Hepatology 2006; 44:
1288-1295 [PMID: 17058239 DOI: 10.1002/hep.21352]

Tsai MH, Peng YS, Chen YC, Liu NJ, Ho YP, Fang JT, Lien JM,
Yang C, Chen PC, Wu CS. Adrenal insufficiency in patients
with cirrhosis, severe sepsis and septic shock. Hepatology 2006;
43: 673-681 [PMID: 16557538 DOI: 10.1002/hep.21101]

Arabi YM, Aljumah A, Dabbagh O, Tamim HM, Rishu
AH, Al-Abdulkareem A, Knawy BA, Hajeer AH, Tamimi
W, Cherfan A. Low-dose hydrocortisone in patients with
cirrhosis and septic shock: a randomized controlled trial.
CMA] 2010; 182: 1971-1977 [PMID: 21059778 DOI: 10.1503/
cmaj.090707]

Triantos CK, Marzigie M, Fede G, Michalaki M, Gianna-
kopoulou D, Thomopoulos K, Garcovich M, Kalafateli M,
Chronis A, Kyriazopoulou V, Jelastopoulou E, Nikolopoulou
V, O’'Beirne ], Burroughs AK. Critical illness-related cortico-
steroid insufficiency in patients with cirrhosis and variceal
bleeding. Clin Gastroenterol Hepatol 2011; 9: 595-601 [PMID:
21545846 DOI: 10.1016/j.cgh.2011.03.033]

Trifan A, Chiriac S, Stanciu C. Update on adrenal insufficien-
cy in patients with liver cirrhosis. World | Gastroenterol 2013;
19: 445-456 [PMID: 23382623 DOI: 10.3748 / wjg.v19.i4.445]
Acevedo J, Fernandez J, Prado V, Silva A, Castro M, Pavesi
M, Roca D, Jimenez W, Gines P, Arroyo V. Relative adrenal
insufficiency in decompensated cirrhosis: Relationship to
short-term risk of severe sepsis, hepatorenal syndrome, and
death. Hepatology 2013; 58: 1757-1765 [PMID: 23728792 DOI:
10.1002/ hep.26535]

Angeloni S, Leboffe C, Parente A, Venditti M, Giordano
A, Merli M, Riggio O. Efficacy of current guidelines for the
treatment of spontaneous bacterial peritonitis in the clinical
practice. World ] Gastroenterol 2008; 14: 2757-2762 [PMID:
18461661 DOI: 10.3748/wijg.14.2757]

P- Reviewers: Prakash J, Shalata A, Trifan A S- Editor: Gou SX

7259

L- Editor: A E- Editor: Zhang DN

June 21, 2014 | Volume 20 | Issue 23 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

L1
© 2014 Baishideng Publishing Group Inc. All rights reserved.




