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INTRODUCTION
Bacterial infections continue to be a leading cause of mortality and acute-on-chronic liver
failure in end-stage liver disease (ESLD). The consequences of infection include prolonged
hospitalisation, acute kidney injury (AKI), death, de-listing from liver transplant and
susceptibility to further infections. The diagnosis of infections in cirrhosis is fraught due to
the background of a partial systemic inflammatory response syndrome (SIRS) state and
negative cultures in 30–50% of patients. Furthermore, the lack of multi-center studies limits
the generalisability of currently available results. The modulation of infections by the
underlying immune state, gut barrier function and super-imposed medications such as beta-
blockers, proton pump inhibitors and antibiotics is required. A rational approach to the
diagnosis and prevention of AKI associated with infection, with judicious use of crystalloids
and albumin, is also needed. Changes in bacteriology including emergence of multi-resistant
organisms and Clostridium difficile have also recently changed the approach for prophylaxis
and therapy of infections. Effective strategies for the prevention, diagnosis, and management
of infections in ESLD form a large unmet need. A systematic approach to study the
epidemiology, bacteriology, resistance patterns, and procedure and medication utilisation
specific to ESLD is needed to improve outcomes.

Bacterial infections in patients with end-stage liver disease affect candidacy for liver
transplantation. Up to one-third of all hospitalised patients with cirrhosis are infected.1–5

With sepsis, mortality increases to more than 50% and is associated with significant costs.6

A recent systematic review demonstrated a fourfold increased risk of death in infected
cirrhotic patients compared with their non-infected counterparts.7 More importantly,
intensive care unit (ICU) mortality of patients with cirrhosis has remained unchanged over
50 years, unlike disease states such as cardiac failure where mortality has decreased.8
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Therefore the prevention, diagnosis and management of infections in patients with end-stage
liver disease form a large unmet need. This commentary briefly reviews infections in
patients with cirrhosis, and outlines specific areas that need to be addressed in such patients
hospitalised with infections.

SCOPE OF THE PROBLEM
The magnitude of the problem of infections in cirrhosis is not quantifiable for many reasons.
Infections are often difficult to recognise in patients with cirrhosis because 30–50% of
infections, such as spontaneous bacterial peritonitis (SBP), can remain culture negative.9

Conventional risk-scoring strategies, such as the systemic inflammatory response syndrome
(SIRS) criteria, cannot reliably differentiate sepsis (SIRS plus infection) from noninfectious
SIRS.10 This is important because a partial SIRS-like state is present in most patients with
decompensated end-stage liver disease and therefore in itself cannot be used to differentiate
between infected and uninfected patients. There are also difficulties diagnosing the presence
of infections, especially in hospitalised cirrhotic patients.5 Strategies such as measuring C-
reactive protein and procalcitonin may be helpful in selected patients, but a specific
differentiator is still needed.1112 Time-appropriate strategies are needed to suspect infections
and send cultures early so as to initiate appropriate antimicrobial therapy. Also a heightened
suspicion of potentially resistant organisms is required in order to change therapy as
needed.2 In addition, most current studies are single centre, and there are limited data on the
emergence of multi resistant strains and healthcare-associated (which develop <48 h after
admission in patients with previous exposure to healthcare services in the preceding 90 or
180 days) and nosocomial (which develop >48 h after admission) infections.

Some idea of the magnitude of the problem may be obtained from the US nationwide
inpatient sample (NIS), which analyses data from 20% of acute care hospitals and includes 8
million discharge records from 38 states. The NIS identified 65 072 patients in 2006 with a
discharge diagnosis of cirrhosis. The total costs incurred were approximately US$14 billion
per year. Of the hospitalized patients, 26 300 had presumed infection and required ICU
support, as identified by mechanical ventilation and invasive cardiovascular monitoring. The
in-house mortality of the hospitalised cirrhotic patients was 53%, or 13 800 deaths a year
nationwide. The mean length of hospitalisation was 13.8 days. The total costs associated
with ICU admissions in cirrhotic patients with presumed infection were US$3 billion, with
mean costs of US $116 200 per admission and average daily costs of US$16 589 in non-
survivors.

Another study from the NIS showed that Clostridium difficile infection in patients with
cirrhosis was associated with a significantly higher mortality, length of stay and total costs
compared with patients admitted with cirrhosis without C difficile and patients with C
difficile without cirrhosis. This is striking because the mean age of the patients with C
difficile without cirrhosis was significantly higher than that of patients with C difficile and
cirrhosis.13 In the Korean National database, patients with cirrhosis and bacteraemia were
significantly more likely to die than those without cirrhosis.14 Bacteraemia in cirrhotic
patients was more likely to be due to intra-abdominal infections and Klebsiella pneumoniae,
and less likely to be due to coagulase-negative Staphylococcus. Multivariate analysis
confirmed cirrhosis as an independent risk factor for mortality (HR 2.11, 95% CI 1.43 to
3.13).14

The North American Consortium for the Study of End-Stage Liver Disease (NACSELD)
currently includes 12 centres throughout North America focused on determining outcomes
after infections in patients with cirrhosis.15 Preliminary data from the NACSELD study
noted that, in 176 patients from nine sites, the majority of infections were SBP and urinary
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tract infection (UTI), followed by spontaneous bacteraemia, skin, respiratory and C difficile
infections. Gram-positive (36%) organisms were the most common, followed by Gram-
negative (30%) organisms. The remainder were either fungal (4%) in origin or infections
without an isolated organism. The death rate was highest for respiratory (44%), bacteraemia
(38%) and C difficile (41%) infections, and lowest for urinary (21%) and skin (29%)
infections or SBP (17%). The index infections were healthcare-associated (56%) or
nosocomial (20%), and, importantly, 28% of patients developed a second infection during
hospitalisation. The overall mortality was 25%, and patients who died had a higher Model
for End-Stage Liver Disease (MELD) score at admission (25±8 vs 19±7, p<0.001) and were
more likely to have hepatic encephalopathy (HE), hepatorenal syndrome (HRS), mechanical
ventilation and ICU stay during hospitalisation (all p<0.0001). There was a higher incidence
of second infections during hospitalisation in patients who died than in patients who
survived (53% vs 20%, p=0.0001). Patients who developed a second infection were more
likely to have a Gram-negative first infection, an ICU stay, lower albumin, greater length of
hospitalisation and higher MELD score. Multivariate analysis showed that only second
infection (p=0.0009) and MELD score (p<0.0001) were associated with death. Therefore
there is a need to develop early diagnostic and prognostic markers, including biomarkers, for
a better understanding of infections so as to improve outcomes.

CONTRIBUTION OF DRUGS SUCH AS ANTIBIOTICS, PROTON PUMP
INHIBITORS (PPIS) AND β BLOCKERS TO INFECTIONS AND UNDERLYING
IMMUNE STATUS

Changes in gut bacteria in cirrhosis can lead to bacterial overgrowth with subsequent
enhanced bacterial translocation from the gut to the systemic circulation and as cites,
identified by bacterial DNA or by isolating bacteria in systemic biofluids. Bacterial
translocation is the major pathogenetic factor for infections.516–18 Bacterial translocation
can be silent or can result in florid infections.19 Even in the absence of infection, bacterial
translocation can increase mortality.2021 It is also a process that is facilitated by acid
suppression2223 and increased intestinal permeability in cirrhosis, specifically with advanced
disease. Sepsis as a result of bacterial translocation and small-bowel bacterial overgrowth is
a key component of the natural history of infections.20 However, one of the key modulators
of outcomes of infections is the underlying immune status, which is negatively affected at
multiple levels in cirrhosis. Specifically, the neutrophil burst, phagocytosis and opsonisation
are impaired.21 Recent evidence has also indicated that antimicrobial peptides and NOD2
genetic variants are altered in patients with cirrhosis.2425 A deeper understanding of the
bacterial–immune interface either at the intestinal wall or within the ascitic fluid or
mesenteric lymph nodes is important for developing biomarkers that would predict
development of infection with an overall view to prevention.26

Single-centre studies have associated the use of PPIs with SBP and C difficile.1327 This is an
important observation, as PPIs are some of the most overprescribed drugs for cirrhosis.28 An
appropriate indication for PPI use exists in fewer than half of the patients.29 PPIs predispose
to bacterial overgrowth and adversely affect immune function.30 Another seemingly
contradictory association is the effect of non-selective β blockers (NSBBs) on the negative
outcomes in cirrhosis. While a meta-analysis showed a reduced development of SBP in
previous studies, a recent non-randomised study demonstrated a worse survival in the subset
with refractory as cites.3132 The effect of NSBBs on cirrhosis outcomes has led to the
formulation of a ‘window hypothesis’, which suggests that NSBBs only improve outcomes
in a narrow window of the cirrhosis natural history between those who have medium to large
varices before the development of end-stage liver disease.33 Therefore the clinical role of
NSBBs in cirrhosis needs to be elucidated further.

Bajaj et al. Page 3

Gut. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The role of non-absorbable antibiotics, such as rifaximin, in the modulation of infections in
cirrhosis is also emerging. Whereas the pivotal HE trial did not show a significant difference
in the rate of infections between groups, subsequent small studies reported a protective role
of rifaximin against endotoxaemia and SBP.34–36 Out patient prophylaxis using
fluoroquinolones or sulfamethoxazole/trimethoprim in patients with previous SBP has been
clearly shown to reduce subsequent episodes of SBP, but not survival.37 It is not completely
clear whether these agents can improve outcomes in subgroups of patients with as cites fluid
albumin <1.0 g/dl. SBP prophylaxis has been associated with the development of C difficile
in a single-centre study.13 The study of SBP prophylaxis becomes more nuanced, especially
when the emergence of multiresistant strains is considered.2 Further studies into the use of
antibiotics are required to determine their role in reducing infections and mortality.

Thus several lines of evidence suggest the influence of outpatient medication on infection
risk. Considering the small sample size and retrospective nature of most of these studies,
further evaluation of drugs such as PPIs, non-absorbable antibiotics (such as rifaximin) and
NSBBs is needed to determine their role in infections.

PROGNOSIS AND MANAGEMENT IN THE ICU
Several precipitating factors are associated with deterioration in cirrhosis leading to multiple
organ failure. These include infection, gastrointestinal bleeding, alcoholic hepatitis,
superimposed viral hepatitis, drug-induced hepatotoxicity, and surgery. The response to
infection in patients with cirrhosis is often exaggerated, leading to ICU admission because
of sepsis, severe sepsis and septic shock.38 MELD score has been validated as a predictor of
mortality in cirrhotic patients in the ICU and may have better prognostic capacity than the
Child–Turcotte–Pugh score and the Simplified Acute Physiology Score II. The Acute
Physiology and Chronic Health Evaluation III score is another predictor of early ICU
mortality. The Sequential Organ Failure Assessment score correlates with mortality: failure
of two organ systems is associated with a mortality of 55%, and failure of three or more
organs with almost 100% mortality.39 Even when supportive measures are introduced, the
underlying immune dysfunction state (immune paralysis following the first infection which
contributes to secondary infections), poor nutrition, ongoing portal hypertension-related
systemic haemodynamic changes, HE and gastrointestinal bleeding prevent recovery in
these patients. Liver transplantation is ultimately an effective form of therapy for these
patients, and worsening liver and renal function increase the MELD score, but ongoing
infection and multiorgan system dysfunction make them generally poor candidates.

The ‘sepsis bundle’ has been accepted as the standard of care in patients with severe sepsis
in the ICU.40 It is not clear whether these recommendations apply to patients with cirrhosis
and severe sepsis. For example, arterial lines and central venous catheters are recommended
for monitoring of mean arterial pressure and central venous pressure in severe sepsis.
However, in critically ill cirrhotic patients, such vascular access may be associated with a
significantly increased risk of bleeding. Red blood cell transfusions are recommended to
increase central venous oxygen saturation. However, red blood cell transfusions in cirrhotic
patients may be associated with an increased risk of variceal bleeding. Thus the role of the
sepsis bundle in cirrhosis needs validation.

The key areas of need in the management of cirrhotic patients in the ICU is the prevention of
nosocomial and second infections, reduction of unnecessary instrumentation, judicious use
of antibiotic and antifungal agents, and validation of prognostic scores that take into account
the underlying liver disease severity. Additional areas that need to be addressed are whether
albumin is the preferred volume expander, how coagulopathy should be corrected, the
optimal vasopressor support, the methodology for determining adrenal insufficiency, and the
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situations in which steroids should be given and the doses that should be used.6 Finally, the
role of artificial and bioartificial liver support devices needs to be determined in this
population.41

PREVENTION AND TREATMENT OF ACUTE KIDNEY INJURY (AKI) IN
INFECTED PATIENTS WITH CIRRHOSIS

A critical need is to prevent and adequately treat renal dysfunction in infected cirrhotic
patients. This is because renal dysfunction with AKI has emerged as a major determinant of
mortality in patients with cirrhosis.4243 AKI, including HRS, is associated with a markedly
shorter survival. In patients with decompensated cirrhosis admitted to hospital, increased
creatinine concentration within 24 h of admission is associated with poorer survival. Even
more profound is the requirement of renal replacement therapy, which is associated with
94% in-hospital mortality.44 While most cases of functional renal impairment respond to
volume challenge, with return of renal function to baseline levels, approximately one-third
of patients are not volume responsive; these include patients with HRS or acute tubular
necrosis.45 Therefore the first line of management of AKI in hospitalised cirrhotic patients is
volume expansion, the response to which can determine the prognosis and subsequent
management—for example, the use of vasoconstrictors would be indicated for volume-
unresponsive cases of AKI such as HRS. Acute or type 1 HRS is defined as renal failure,
which is characterised by a doubling of the initial serum creatinine to a level of >2.5 mg/dl
in <2 weeks, which has been reported in about 10% of cirrhotic inpatients. Chronic or type 2
HRS is characterised by moderate renal failure, with serum creatinine between 1.5 and 2.5
mg/dl.45 Whereas type 2 HRS is usually associated with refractory as cites and follows a
steady declining course, type 1 HRS is usually precipitated by an acute event and is often
part of multiorgan system failure.46 The most common precipitating factor of type 1 HRS is
bacterial infection,4748 and this may occur despite clearance of the bacterial infection. The
inflammatory response to bacterial infections increases systemic arterial vasodilatation, with
further reduction of the effective arterial blood volume and further renal vasoconstriction,
leading to renal failure.

SBP was the first bacterial infection recognised to be associated with a high incidence of
renal failure in cirrhosis. This occurs in approximately one-third of patients despite
resolution of the infection,4849 and is associated with an in-hospital mortality of 42–
67%.4950 However, it was soon recognised that any bacterial infection could precipitate
renal failure in cirrhosis.51 Patients who develop renal failure with bacterial infection have a
higher MELD score and lower mean arterial pressure.47 Biliary or gastrointestinal tract
infections are more likely to be associated with the development of renal failure, followed
by SBP and UTI, although other infections such as pneumonia or even skin infections are
associated with the development of renal failure. Once renal failure develops, it can be
transient, resolving with the clearance of the infection, or it can persist, or even progress
despite the clearance of infection.51 Biliary or gastrointestinal infectioninduced renal failure
is most likely to progress, followed by SBP- and UTI-related renal failure.47 Once renal
failure sets in, the probability of survival at 3 months is only 31%, and decreases with higher
MELD scores.52

Prevention of renal failure in the setting of infections remains a challenge. With SBP,
patients given albumin have a lower incidence of renal failure, associated with improved
survival.53 Underlying liver and renal function determine the risk of developing renal
dysfunction associated with SBP. In one study, using the definition of high risk as plasma
urea ≥60 mg/dl and serum bilirubin ≥4 mg/dl, almost 30% of patients who presented with
SBP could be regarded as low risk for the development of renal failure and therefore were
not given albumin. Renal failure only developed in 4.7% of the low-risk group, which had a
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3.1% mortality. In contrast, 40% of the patients with SBP in the high-risk group (70% of the
entire cohort) already had renal failure at the time of SBP diagnosis, while an additional
26% developed renal failure before SBP resolution.54 Those in the high-risk group treated
with albumin had a significantly improved 90-day survival (p=0.01). The number of patients
needed to treat in the high-risk group to avoid one death was 5.5. Similar findings were also
reported by Sigal et al55 and Terg et al. 56 Thus the need for universal administration of
albumin for the treatment of SBP needs to be re-evaluated. The need for albumin to prevent
the development of renal failure in other bacterial infections also needs to be examined.

A small study assessed the effects of 2 mg/day terlipressin (a systemic vasoconstrictor) in
addition to ceftriaxone (1 g every 12 h) on systemic haemodynamics and clinical outcome in
patients with SBP.57 This regimen improved the hyper-dynamic circulation compared with
ceftriaxone alone. There was a significant increase in SBP reversal and a reduction in
mortality with terlipressin at 48 h. Therefore the use of a vasoconstrictor should be
investigated as a potential alternative, or additive, to albumin in the prevention of renal
impairment in SBP.

Renal dysfunction, especially HRS type 1, is treated with vasoconstrictors and albumin
infusion. The choice of vasoconstrictor depends on local availability: midodrine in North
America in combination with octreotide, and terlipressin for most other parts of the world.45

Given the poor survival of patients with cirrhosis, bacterial infections and established renal
failure,47 there is now a trend towards treating renal impairment at an earlier stage than
defined type 1 HRS. One challenge has been to define an early stage of renal dysfunction, as
serum creatinine is an inaccurate measure of renal function.5859

A new definition of AKI in cirrhosis has been proposed,60 which is an increase in serum
creatinine of 0.3 mg/dl in <48 h (table 1).61 The exact prevalence of AKI according to this
new definition is unknown, but is an important question because it appears that such small
increases in serum creatinine in patients with cirrhosis may negatively affect survival.

Several newer concepts are helping to shape treatment strategies. These include the
understanding that both the acute deterioration in renal function and the background chronic
renal dysfunction can be functional or structural in nature, and the recent recognition that the
inflammatory response to bacterial infection may be partly responsible for the development
of renal failure.

MEASURES FOR PREVENTION, SURVEILLANCE AND IDENTIFICATION OF
HEALTHCARE-ASSOCIATED AND NOSOCOMIAL INFECTIONS AND
MULTIRESISTANT BACTERIA AND C DIFFICILE

The emergence of multiresistant species and the looming spectre of nosocomial and
healthcare-associated infections are concerning. Nosocomial infections in the general
population are estimated to affect 1.7 million persons a year, cost at least US $5 billion
annually, and are the sixth leading cause of death in the USA.62–65 Although healthcare-
associated and nosocomial infections are different, they both increase length of stay, cost
and mortality, and occur more commonly in ‘sicker’ patients following procedures such as
surgery or in those who need mechanical ventilation or vascular or urinary catheters.66 The
organisms responsible are often resistant to the ‘first line’ antibiotics often given for similar
community-acquired infections, making empiric antibiotic treatment decisions more
challenging and expensive.267–69

Nosocomial infections in non-cirrhotic patients are usually broken down into four
categories6266–68 as shown in table 2. However, there has been little published on
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nosocomial infections in patients with cirrhosis. Fernandez et al studied multiresistant
organisms and nosocomial infections occurring in a single centre over three time periods:
1998–2002 (n=572), 2005–2007 (n=507) and 2010–2011 (n=162).23 Infection was present
in one-third of hospital admissions: 25–32% healthcare associated and 36–45% nosocomial.
Community-acquired infections were most commonly SBP (35%) and cellulitis (19%),
healthcare-associated infections were most commonly SBP (28%) and UTIs (24%), and
nosocomial infections were dominated by UTIs (31%).2 C difficile was not studied. Overall,
multidrug-resistant (MDR) organisms caused 4% of community-acquired, 14% of
healthcare-associated and 35% of nosocomial infections (p<0.001).2 This high risk of MDR
organisms decreased the efficacy of their ‘standard of care’ antibiotic regimens to 40% in
nosocomial infections, and doubled mortality in patients infected with MDR organisms. In
another European single-centre study, Merli and colleagues found that one-third of 150
hospitalised patients with cirrhosis experienced at least one infection; 78% were healthcare-
associated or nosocomial infections.4 UTIs were most common, and 64% were caused by
MDR organisms. MDR organisms were predominantly Gram-negative isolates in SBP, such
as Escherichia coli and K pneumoniae with extended spectrum β lactamase activity. The
change in bacteriology also reflects an emergence of Gram-positive pathogens. A disturbing
trend is the increased isolation of methicillin-resistant Staphylococcus aureus.70

Enterococcus faecalis and Enterococcus faecium have been isolated in 10–24% of infections
in the setting of cirrhosis and are associated with a mortality of 25%. Focusing on specific
infections, it has been found that SBP is an important cause of both community-acquired and
nosocomial infections in patients with cirrhosis.7172 Whereas community-acquired SBP is
more commonly caused by Gram-negative rods, nosocomial SBP has an increased
prevalence of Gram-positive cocci. In addition, nosocomial acquisition increases the risk of
resistance to cephalosporin and fluoroquinolone and significantly increases mortality.
Although previous reports on nosocomial infections did not include C difficile infection, it
was a common nosocomial infection found in the NACSELD study and had the highest risk
of mortality (28%).15 This is similar to the previous C difficile National Database study in
cirrhosis in which length of stay doubled, mortality markedly increased, and cost increased
by US$43 665/infected admission.13

We propose, on the basis of our and other previous work in this area, that healthcare-
associated and nosocomial infections in cirrhosis be broken down into six categories:
spontaneous bloodstream infections unrelated to interventions or infections at other sites,
UTIs, pulmonary infections, SBP, C difficile and intervention-related infections (table 3).
Although up to one-third of all nosocomial infections should be preventable,73 ‘success in
curbing their emergence remains elusive.’74 It should be emphasised that the data available
on healthcare-associated and nosocomial infections in cirrhosis are largely limited to single
centres, although smaller multicentre studies exist.1–413717275–80

SUMMARY
Because of the high morbidity and mortality in patients with cirrhosis who become infected
(many of whom may be denied liver transplantation because of multiple organ failure) and
the paucity of data in this field, we propose the studies outlined in table 4. Only through
systematic study of epidemiology, bacteriology, resistance patterns, and procedure and
medication utilisation specific to patients with cirrhosis will we discover how to routinely
accomplish this in the most cost-effective way.
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Table 1

Proposed definition of kidney disease in cirrhosis60

Diagnosis Definition

Acute kidney injury Rise in serum creatinine of ≥50% from baseline or a rise in serum creatinine of ≥26.4 µmol/l (≥0.3 mg/dl) in
<48 h

HRS type 1 is a specific form of acute kidney injury

Chronic kidney disease Glomerular filtration rate of <60 ml/min for >3 months calculated using MDRD6 formula

HRS type 2 is a specific form of chronic kidney disease

Acute-on-chronic kidney disease Rise in serum creatinine of ≥50% from baseline or a rise in serum creatinine of ≥26.4 µmol/l (≥0.3 mg/dl) in
<48 h in a patient with cirrhosis whose glomerular filtration rate is <60 ml/min for >3 months calculated
using MDRD6 formula

HRS, hepatorenal syndrome; MDRD, Modification of Diet in Renal Disease.
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Table 2

Categories of nosocomial infections in the non-cirrhotic population66

Category
% of overall
infections Contributing factors

1 Bloodstream infections 25–35 Vascular catheters are the most common predisposing factor68

2 Urinary tract infections 30–40 ≥2 days after insertion of urinary catheters, the risk of bacteriuria increases by 5–10% per day.
Lowest risk of mortality

3 Pulmonary infections 15 Often caused by aspiration of Gram-negative oropharyngeal flora. Highest risk of mortality

4 Surgical site infections 18–25 Occur less commonly in patients with cirrhosis, as surgery is often avoided
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Table 3

Proposed categories of nosocomial infections in cirrhosis

1 Spontaneous bloodstream infections (unrelated to interventions or infections at other sites)

2 Urinary tract infections

3 Pulmonary infections

4 Spontaneous bacterial peritonitis

5 Clostridium difficile

6 Intervention-related infections

Interventions are defined as urinary catheterisation, mechanical ventilation, central line placement, paracentesis, thoracentesis, renal replacement
therapy, interventional radiology procedures, and intravenous nutrition.
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Table 4

Challenges and future directions of bacterial infection management in cirrhosis

Challenge Proposed future directions

Current limited single-centre experiences Large, multicentre studies are needed to study predictors of mortality and nosocomial
infections

Poly-pharmacy as a predictor of infections Study the targeted role of proton pump inhibitors, rifaximin, non-absorbable antibiotics and
β blockers in development of infections

Intensive care management of cirrhosis and
sepsis

Design measures specifically targeting cirrhotic patients with sepsis and use of the ‘sepsis
bundle’

Acute kidney injury in infections Validate the prevalence of acute kidney injury using the new definition and determine the
efficacy of volume expansion using albumin and, potentially, vasoconstrictors in prevention
of acute kidney injury

Healthcare-associated and nosocomial infections Determine the optimal antibiotic and non-antibiotic strategies to reduce further development
of resistance

Multidrug resistant organisms Redefine the role of spontaneous bacterial peritonitis prophylaxis and emphasise the role of
non-antibiotic interventions
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