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Chapter 6
Sepsis and Septic Shock in Cirrhotic
Patients

Antonios Katsounas

Introduction

Patients with liver cirrhosis are considered to be more susceptible to both spontane-
ous and healthcare-associated (HCA) infections. It is likely that the cause of this
phenomenon is excessive pro-inflammatory cytokine responses, which play a fun-
damental role in the development of severe liver dysfunction with subsequent multi-
organ failure. Effective prevention and early detection strategies, as well as proper
clinical management, are of crucial importance for the reduction of morbidity and
mortality in this very vulnerable population. This chapter expands on and summa-
rizes the current published literature, which pays particular attention to sepsis-
related organ dysfunction in patients with chronic liver diseases.

Immune Dysfunction, Gut Barrier Disruption, and Vasoplegia
in Patients with Liver Cirrhosis

Overall, prior to admission to clinical facilities, 25-35% of cirrhotic patients acquire
infections that persist during hospitalization, and this trend has increased over the
last 5 years. Infections occur 4-5 X more frequently in hospitalized patients with
cirrhosis in comparison to those without this disease [1]. The risk of infection is
more serious in patients with decompensated cirrhosis than in those with stable liver
disease [1]. Around 40-60% of cirrhotic patients experiencing gastrointestinal
bleeding during hospitalization develop infections [2]. Further, bacterial infections
are considered a cause of death in up to 50% of all fatal outcomes in patients with
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cirrhosis [3]. This is not surprising because chronic liver disease is responsible for
increased susceptibility to infections.

The molecular mechanisms of this phenomenon may involve compromised mac-
rophage Fc,-receptor-mediated neutralization of antibody-coated bacteria, functional
deficiencies of the complement factors C3 and C4, and impaired antigen presentation
ability resulting from the downregulation of monocyte human leukocyte antigen—DR
expression [4]. Furthermore, neutrophil cells with downregulated phagocytic killing
behavior against germs like Escherichia coli or Staphylococcus aureus have been
identified in patients with alcohol-related cirrhosis [5]. In the presence of portal hyper-
tension, this state of immune dysfunction alters the composition of gut microbiota
with a subsequent increase in bacterial translocation from the gastrointestinal tract to
the extraintestinal sites. Portal hypertension also leads to hypersplenism, which, in
turn, results in a more advanced attenuation of an antimicrobial defense capacity
through over-elimination of circulating immune cells. In addition, cirrhotic patients
show a diminished synthesis of bile fluid and a prolonged intestinal transit time. These
two factors in combination with abnormal production of antibacterial peptides, along
with an attenuated secretion of gastric acid, favor intestinal microbial overgrowth.
Translocation of bacteria through a “leaky gut” along with decreasing hepatic clear-
ance of bacterial antigens (lipopolysaccharides (LPS) or endotoxins) may lead to a
systemic overload of toll-like receptor TLR-ligands and (through activation of TLR
pathways) to a massive production of cytokines, which further enhances inflammatory
activity [6]. This, in turn, favors a systemic cytokine “blast” and a further secretion of
reactive oxygen species (ROS) in large amounts, which accelerates the development
of increased intestinal permeability and leads to the formation of a “circulus vitiosus”
[7, 8]. There is substantial evidence for the regulatory potential of the C-X3-C Motif
Chemokine Receptor 1 (CX3CR1) in intestinal macrophages with regard to maintain-
ing the integrity of the gut barrier [9]. Damage to this barrier (favoring bacterial trans-
location and, thus, hepatic inflammation/dysfunction) can lead to enhanced splanchnic
vasodilation with subsequent further intestinal injury. Indeed, uncontrolled release of
vasodilatory inflammatory mediators in combination with endothelial damage and an
arginine-vasopressin system dysfunction may cause a vasoplegic syndrome. Nitric
oxide (NO) induced by Ca2*-independent isoforms of nitric oxide synthase (iNOS)
activates soluble guanylyl cyclase (sGC). In turn, sGC is responsible for increasing
intracellular cyclic guanosine monophosphate (cGMP) production, which leads to the
relaxation of vascular smooth muscles and vascular unresponsiveness along with
hypotension. In this setting, it is much more challenging to improve microcirculation
and tissue perfusion than it is to solely increase blood pressure using vasopressors. To
this end, sufficient support with fluids along with albumin is fundamental. Recent
studies have shown that reversing the endothelial nitric oxide synthase (eNOS) uncou-
pling reaction can diminish ROS levels, increase NO bioavailability, and, thus, attenu-
ate the endothelial “functio laesa” [10]. However, it is very likely that vascular failure
during sepsis has a multifactorial background, especially in patients with end-stage
liver disease. A concerted research effort focused on the underlying molecular mecha-
nisms for vasoplegia could make a significant contribution to a more meaningful
selection of therapeutic targets in this highly vulnerable patient group.

From a pathophysiological point of view, the degree of inflammation markedly
affects the outcomes of cirrhotic patients with bacterial infections and sepsis. This is
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strongly supported by recent findings clearly identifying C-reactive protein (CRP)
and white blood cell (WBC) count as independent predictive factors of in-hospital
survival [11, 12].

Sepsis in Patients with Liver Cirrhosis

Epidemiological Data on Infections in Patients with Liver Cirrhosis

Infections and immune dysfunction are common etiologies for prolonged liver
injury and terminal organ failure [13]. Many patients experience repeated episodes
of systemic infections that gradually impair intrinsic liver function before leading to
end-stage disease. During the last decade, liver cirrhosis itself has been identified as
a risk factor for hospitalization due to severe infection and sepsis-related mortality
[14]. Early and accurate detection of infections and identification of their primary
source are considered to be essential for targeted therapy, which, in turn, has a sig-
nificant impact on patient survival (Table 6.1) [15].

According to current studies, spontaneous bacterial peritonitis, urinary tract
infections, and pneumonia are the most common bacterial diseases in cirrhotic
patients [11]. The origin of infections, i.e., hospital-acquired (HA) vs. community-
acquired (CA), and the bacterial types, i.e., Gram-positive and Gram-negative
strains, demonstrate a balanced distribution [11]. Escherichia coli, Enterococcus
faecium, and Klebsiella pneumoniae count as the most frequently isolated microbial
pathogens that cause spontaneous bacterial peritonitis (SBP). Among all patients
with SBP, 30-35% of cases are caused by multidrug-resistant (MDR) bacteria [11].

Table 6.1 Site and type of infections in patients with liver cirrhosis

Sites of Infection Type of isolated bacteria
1. Spontaneous Bacterial Peritonitis 1. Escherichia coli

2. Urinary Tract Infection 2. Enterococcus faecium
3. Pneumonia 3. Klebsiella pneumoniae
4. Primary bacteremia 4. Enterococcus faecalis
5. Skin 5. Fungi

6. Soft tissue 6. Staphylococcus aureus
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Definition: Sepsis, Septic Shock, and Applicable Prognostic
Scores in Patients with Liver Cirrhosis

Based on the Sepsis-3 criteria, sepsis is defined as a life-threatening organ dysfunc-
tion triggered by a dysregulated host response to infection [16—18]. Organ dysfunc-
tion can be determined by an increase in the total Sequential Organ Failure
Assessment (SOFA) score of > 2 points (i.e., Delta SOFA > 2 points) due to an
infection [16—18] (Table 6.2). The baseline SOFA score can be set to zero unless the
patient is known to have a preexisting (acute or chronic) organ dysfunction before
the onset of infection [16-18].

There are significant differences between the SOFA score and the Chronic
Liver Failure-Sequential Organ Failure Assessment (CLIF-SOFA) score. CLIF-
SOFA (Table 6.3) was developed to assess 30-day mortality rates in patients
with acute decompensation of cirrhosis — defined by the development of compli-
cations (e.g., bacterial infection, hepatic encephalopathy, gastrointestinal bleed-
ing, and ascites). However, CLIF-SOFA differs from the SOFA score in the
consideration of two parameters: coagulation and the Glasgow Coma Scale
(GCS) score [20].

Septic shock is defined as hypotension requiring the use of vasopressors to main-
tain MAP > 65 mm Hg and a serum lactate level > 2 mmol/l despite adequate fluid
resuscitation. For patients meeting these criteria, the hospital mortality rate exceeds
40% [16—18]. Timely and accurate identification of patients at risk for sepsis and
septic shock must, therefore, be prioritized. In order to identify adult patients with
a possible infection and an expected poor outcome, a new scoring tool quick SOFA
(qSOFA) has been introduced. The gSOFA provides simple bedside measures and
is considered to be positive when patients meet > 2 of the following three criteria:
alteration of consciousness, respiratory rate > 22/min, and systolic blood pressure
< 100 mm Hg. According to recent findings [7], cirrhotic patients with a positive
qSOFA score meet significantly more Sepsis-3 criteria [16—18] than do those with a
negative qSOFA score [16—-18].

Based on these observations, a novel algorithm focused on the implementation of
Sepsis-3 criteria and the gSOFA has been proposed to assist clinicians with the
management of hospitalized patients facing the challenge of concomitant liver cir-
rhosis and bacterial infection (Fig. 6.1).

According to this algorithm, both Sepsis-3 criteria and the qSOFA should be
applied if a baseline SOFA score is unavailable. A patient who meets both screening
criteria should be admitted to the ICU, due to a predicted worse outcome. On the
other hand, a patient who does not meet the criteria for either scale has the best
prognosis. If the situation is uncertain, the SOFA score should be closely monitored
for further clinical decisions and management [7].

It has been demonstrated that the CLIF Consortium Acute Decompensation
score (CLIF-CADs), used to establish a prognosis for hospitalized cirrhotic patients
without acute-on-chronic liver failure, is capable of predicting mortality more
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Patient with liver cirrhosis and bacterial infection(s)

| SOFA Score at baseline |

Y not available

Apply both:

Apply only: R ritar
Sepsis-3 criteria gSOFA and Sepsis-3 criteria

Sepsis-3: o |4 » Sepsis-3: Yes Sepsis-3: Yes Sepsis-3: Yes Sepsis-3: no
qSOFA: + qSOFA: —

A A i
Good outcome Poor outcome Unpredictable Good outcome

outcome

7

Consider Monitor
admission to the ICU SOFA and qSOFA

Fig. 6.1 Flowchart for the implementation of Sepsis-3 criteria in the clinical management of
patients with cirrhosis and systemic infections. /CU intensive care unit. (Figure modified from
Piano et al. [11])

accurately. This is likely because in CLIF-CADs both the organ dysfunction-spe-
cific variables (e.g., international normalized ratio, creatinine, and serum sodium
concentration) and the degree of inflammation (e.g., WBC count) during systemic
bacterial infections are taken into account [12].

Treatment/Hemodynamics and Sepsis-Related Complications
of Cirrhosis

In patients with cirrhosis, therapy is aimed at preventing and correcting organ hypo-
perfusion along with fast identification and elimination of the infectious sources.
Fluid substitution should be the primary therapeutic option to improve perfusion
and enable the maintenance of stable function of vital organs [17]. Hypotensive
patients with an adequate intravascular volume status should receive additional
treatment with vasopressors to stabilize mean arterial pressure (MAP) (measured
by direct arterial pressure monitoring) above 65 mmHg and urine output above
0.5 ml/kg/h [22]. Some recommendations for the management of hemodynam-
ics are based on a measurement of central venous pressure (CVP) [22] and the
goal of achieving central venous oxygen saturation (ScvO2) > 70%. Several stud-
ies have shown that albumin supplementation using a dose of 1.0-1.5 g/kg may
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delay the onset of renal failure, especially in cirrhotic patients with an infection
not related to SBP [23, 24]. However, these results are controversial [25-28]. In
the ongoing debate on the potential beneficial effect of albumin administration in
these patients, clinicians should be aware of the anti-oxidant/anti-inflammatory,
immunomodulatory properties and functional role of albumin as a carrier mol-
ecule for many endogenous/exogenous substances, in addition to its physiological
effect as a plasma expander [29]. Beyond that, caution should be exercised; that
is, treatment with highly protein-bound antibiotics should not be initiated without
considering what is likely to be the unfavorable influence of hypoalbuminemia
on the pharmacokinetics of these drugs [30]. All these complications of cirrhosis,
including hepatic encephalopathy [31, 32], hepatorenal syndrome [33], hepato-
and porto-pulmonary hypertension [34], malnutrition and impaired gluconeogen-
esis [35], must be optimally managed in order to support a cirrhotic patient through
sepsis [36].

Treatment/Anti-infective Management

Bacterial infections may cause fatal complications such as septic and/or hepatic
encephalopathy, decompensation of ascites along with hypervolemic hyponatre-
mia, gastrointestinal bleeding, renal failure, and acute-on-chronic or acute-on-cir-
rhosis liver failure. In patients with SBP, ascites removal equals source control!
Most importantly, after the ascetic fluid has been drained from the abdominal cav-
ity, a blood culture evaluation should be performed immediately in order to improve
diagnostic accuracy [37]. It is important to consider that antibiotics may not reach
a sufficient level to treat an infection localized in the peritoneal compartment if
dose administration follows standard recommendations. Therapeutic drug moni-
toring should be performed along with systemic substitution of albumin, as stated
above. It is essential to consider the patient’s previous and current antibiotic regi-
men. For example, if levofloxacin was used for SBP prophylaxis, it is crucial to
consider that fluoroquinolones might no longer be effective as a viable therapeutic
alternative. In more than 50% of cases, empirical treatment includes > 2 antibiotics
[11]. Quinolones, third-generation cephalosporins, carbapenems, piperacillin/
tazobactam, and glycopeptides are the most frequently used substances, and empir-
ical antibiotic treatment can be considered effective in approximately 80-85% of
cases [11] (Table 6.4). While almost all of these patients achieve final resolution of
infection, 15-20% develop a reinfection during hospitalization [11]. Indeed,
empirical treatment should be based on valid clinical and microbiological (progno-
sis-related) scores and, therefore, requires good knowledge of local epidemiology
including common bacterial resistance profiles and rates as well as the history of
infection(s) in individual patients with chronic liver disease. With regard to the
increasing prevalence of resistance to quinolones and colonization/infection with
MDR bacteria, in 2014 the European Association for the Study of the Liver (EASL)
published recommendations for the management of bacterial infections in cirrhotic
patients [21].
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Table 6.4 Common empirical antibiotic approaches for patients with severe liver disease and
bacterial infection(s) modified from Gustot et al. [38]

Site/type of | No severe sepsis or shock

infection CA infections HCA and HA infections
Prevalence of MDR bacteria
Low High
SBP Third-generation Cephalosporins (i.v.) | Piperacillin/ Meropenem (i.v.)
SMB Tazobactam (i.v.) |+
v Glycopeptide (i.v.)*

or Linezolid/
Daptomycin (i.v.)

PNE Third-generation Cephalosporins (i.v.) Meropenem (i.v.)
+ or Ceftazidime (i.v.)
Macrolide (oral/i.v.) +
Or Levofloxacin (oral/i.v.) Ciprofloxacin (i.v.)
+

Glycopeptide (i.v.)*
or Linezolid (i.v.)*

STI Amoxicillin/Clavulanic Acid (i.v.) Meropenem

or Ceftazidime

+

Glycopeptide (i.v.)*
or Linezolid/
Daptomycin (i.v.)

Site/type of | Severe sepsis or shock

infection Empirical antibiotic treatment of severe sepsis or shock should be administered
with the local rate of MDR pathogens taken into account

MDR multidrug resistant, CA community-acquired, HCA healthcare-associated, HA hospital-
acquired, SBP spontaneous bacterial peritonitis, SBM spontaneous bacteremia, U/ urinary infec-
tions, PNE pneumonia, S77 soft tissue infections

aUse of antibiotics with proven activity against methicillin-resistant Staphylococcus aureus
(MRSA) should be considered in patients with risk factors such as previous and/or current nasal
MRSA carriage, ventilator-associated pneumonia, and previous antibiotic therapy. In areas with a
high prevalence of MDR Pseudomonas aeruginosa, the addition of nebulized colistin or amikacin
should be carefully evaluated

"In areas with a high prevalence of vancomycin-resistant enterococci (VRE), the use of linezolid/
daptomycin should be carefully evaluated

Future Challenge

Antimicrobial Resistance [39]

In patients with liver cirrhosis, the course of bacterial infections can be severe with
a fourfold increase in mortality in comparison to other groups. Early and thorough
administration of carefully selected anti-infective treatments is essential for the
effective clinical management of these patients, especially considering that their
risk of developing an MRD-associated infection is increased due to frequent hospi-
talization and repeated exposure to antibiotics. In order to limit the spread of MDR
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organisms, rational management should be implemented to help establish an equi-
librium between granting all necessary access to antimicrobial drugs and preventing

both the overuse and the misuse of these:

1. For example, development of cost-efficient, bedside diagnostic tools is needed to
support faster and more evidence-based decisions related to antibiotic therapies.

This should help clinicians to avoid less precise empirical clinical practices.

2. Itis equally important to de-escalate antibiotic regimes to single antibiotic drugs
as promptly as possible. More hospital antibiotic stewardship (ABS) programs

should be promoted and implemented across in-hospital settings.

3. Alternatives to antibiotics should be more intensively investigated and clinically
evaluated. The paradigm of microbiota transfer via fecal transplantation as an
effective technique to manage vancomycin-resistant Clostridium difficile infec-
tions has proven to be a true drug-free strategy for managing bacterial infections

resistant to antibiotics.

4. During the last three decades, no new classes of antibiotics have been discovered
and only a few novel agents are in development. Greater investment in this field
is an absolute priority in order to boost basic and clinical research focused on

developing new antimicrobials [40].

There is an obvious need to strengthen the understanding of antimicrobial resistance
and to gain additional knowledge through focused research on diagnostic innova-

tions, novel antimicrobials, and/or new alternative drug-free therapies.

Key Points

1. Bacterial infections are considered to be the cause of death in up to 50% of
all fatalities in patients with liver cirrhosis.

2. Spontaneous bacterial peritonitis (SBP), urinary tract infections, and pneu-
monia are the most common bacterial infections in cirrhotic patients.
Escherichia coli, Enterococcus faecium, and Klebsiella pneumoniae are
the most frequently isolated microbial pathogens associated with SBP,
which is caused by multidrug-resistant (MDR) bacteria in 30-35% of
patients. In SBP, ascites removal is equivalent to source control!

3. Immune dysfunction, gut barrier disruption, and vasoplegia share common
pathophysiologic mechanisms in patients with liver cirrhosis.

4. In cirrhotic patients with sepsis-related hypotension, it is very challenging to
improve microcirculation and tissue perfusion based solely on administering
vasopressors. Adequate fluid resuscitation including albumin is essential.

5. The SOFA score and the CLIF-SOFA score differ, as the latter includes
two additional parameters: coagulation and the Glasgow Coma Scale
(GCS).

6. Hospital antibiotic stewardship (ABS) programs should be promoted and
implemented across in-hospital settings in order to better position clini-
cians to face the challenge of antimicrobial resistance.
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