75094 Auto Edited.docx



Name of Journal: World Journal of Hepatology
Manuscript NO: 75094
Manuscript Type: META-ANALYSIS

Spontaneous Bacterial Empyema in Cirrhosis - A Systematic Review and Incidence

Rate Meta-Analysis

SBE in Cirrhosis

William Reiche, Smit Deliwala, Saurabh Chandan, Babu P Mohan, Banreet Dhindsa,
Daryl Ramai, Abhilash Perisetti, Rajani Rangray, Sandeep Mukherjee




Abstract

BACKGROUND

Spontaneous bacterial empyema (SBE) occurs when a hepatic hydrothorax becomes
infected and runs a course similar to spontaneous bacterial peritonitis (SBP). It remains
underdiagnosed as patients with cirrhosis do not routinely undergo diagnostic
thoracentesis. Current understanding is limited by small cohorts, while studies

reporting its association with ascites/SBP are conflicting.

AIM
We performed a systematic review and incidence rate meta-analysis to explore the
incidence of SBE, to determine its association with ascites, and to summarize what is

known regarding treatment and outcomes for patients with SBE.

METHODS

Major databases were searched until June 2021. Outcomes include the incidence of SBE
in pleural effusions, SBP in peritoneal fluid, and SBE in patients without ascites within
our cohort of patients with cirrhosis. We performed a meta-analysis using a random-
effects model with pooled proportions and 95% confidence intervals (CI). We assessed

heterogeneity using I? and classic fail-safe to determine bias.

RESULTS

Eight studies with 8899 cirrhosis patients were included. The median age ranged
between 41.2 to 69.7 years. The majority of the patients were Child-Pugh B and C. Mean
MELD score was 18.6 + 8.09. A total of 1334 patients had pleural effusions and the
pooled incidence of SBE was 15.6% (CI 12.6-19; I2 50). Amongst patients diagnosed with
SBE, the most common locations included right (202), left (64), and bilateral (8).
Amongst our cohort, a total of 2636 patients had ascites with a pooled incidence of SBP
of 22.2% (CI 9.9-42.7; 12 97.8). The pooled incidence of SBE in patients with cirrhosis but

without concomitant ascites was 9.5% (CI 3.6-22.8; I 82.5).




CONCLUSION

SBE frequently occurs with concurrent ascites/SBP; our results suggest high incidence
rates of SBE even in the absence of ascites. The pleura can be an unrecognized nidus
and our findings support the use of diagnostic thoracentesis in patients with
decompensated cirrhosis after exclusion of other causes of pleural effusion.
Thoracentesis should be considered particularly in patients without ascites and when
there is a high suspicion of infection. The need for diagnostic thoracentesis will continue
to be important as rates of multi-drug resistant bacterial infections increase and

antibiotic susceptibility information is required for adequate treatment.
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Core Tip: Identification of risk factors for developing spontaneous bacterial empyema
and characterization of spontaneous bacterial empyema are lacking. This is a systematic
review and meta-analysis describing spontaneous bacterial empyema and the
relationship to ascites in patients with cirrhosis. We investigated the incidence of
spontaneous bacterial empyema, the incidence of spontaneous bacterial peritonitis, and
the incidence of spontaneous bacterial empyema without ascites in a meta-analysis

including eight studies.

INTRODUCTION

Hepatic hydrothorax (HH) is one of the pulmonary complications observed in cirrhotic

patients and attributed to portal hypertension which leads to a transudative effusion.




The true prevalence of HH in cirrhotic patients is unclear but estimated to be at 10%.
Infection of the HH (pleura and pleural fluid) is termed spontaneous bacterial
empyema (SBE) and represents a distinct and underdiagnosed infectious etiology in
patients with decompensated cirrhosis. This entity’s existence has frequently been
debated; the true nature is uncertain.[-*l Knowledge regarding this complication has
been limited due to a lack of clinical studies. At the same time, several studies suggest
SBE is not spontaneous but occurs due to ruptured pleuroperitoneal blebs, which cause
diaphragm defects. The negative pressure created in the pleural cavity creates
unidirectional flow into the pleural space where low protein ascitic fluid can
accumulate and propagate infection.l>! Conversely, other studies have found that SBE
can develop without spontaneous bacterial peritonitis (SBP) and can even be diagnosed
in patients without ascitic fluid, representing an overlooked infection nidus.58] More
robust data is needed within SBE to guide efficient clinical decision-making due to the
significant burden on patients and healthcare resources.% 101 Patients inflicted by pleural
pathology can have prolonged stay with increased mortality.[7. 11121

The exudative nature of SBE is well established; however, risk factors for
developing this condition are less clearly elucidated. Several studies have found that
patients who develop HH or SBE are more likely to have lower levels of pleural fluid
protein and a higher Child-Pugh or MELD score to support the diagnosis.['> 14l
Additionally, the concurrence of hydrothorax and ascites remains unknown. We aim to
fill the current understanding by performing a systematic review and incidence meta-

analysis exploring the incidence of SBE and its association with ascites.

MATERIALS AND METHODS

Protocol
This review has been in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Statement (PRISMA) and Meta-analyses of Observational

Studies in Epidemiology (MOQOSE) reporting standards [Supplementary tables 1 and 2].

[15]




Eligibility criteria, Literature Search, and Search Strategy

An expert librarian conducted a systematic literature search using a priori protocol to
identify studies reporting the incidence, associations, and outcomes of SBE in patients
with cirrhosis. The search strategies included “spontaneous bacterial empyema,” “SBE,”
and “SBEM.” The search was run in June 2021 across multiple databases, including
Ovid EBM Reviews, Ovid Embase (1974+), Ovid Medline (1946+ including epub ahead
of print, in-process, and other non-indexed citations), Scopus (1970+), Web of Science
(1975+), and PubMed. The search was restricted to articles in English and identified
searches were exported to a reference manager (EndNote). We cross-checked reference
lists of identified sources for additional relevant studies. Any discrepancy was resolved
by a third reviewer (SC). Detailed search strategy presented as Supplementary
Appendix 1.

Study Selection

This meta-analysis included studies that evaluated patients with SBE. SBE was defined
as positive pleural fluid culture and polymorphonuclear leukocytes (PMN) count >250
cells/mm? or negative pleural fluid culture and PMN count >500 cells/mm?, without
evidence of pneumonia/parapneumonic effusion on imaging.P?! Studies reporting
performance in pediatric age groups (<18 years), conference abstracts, case reports, and
non-English studies were excluded. Studies were restricted to full-text. Two authors
decided on the final selection (WR, SC). Details presented in PRISMA flow diagram,
Supplementary Figure 1.

Data extraction and quality assessment

Two reviewers (WR, SD) independently extracted eligible information into an a priori
designed Google excel spreadsheet. The Qumseya scale for quality assessment of cohort
studies for systematic reviews and meta-analyses consisted of nine questions
(Supplementary Figure 2). We assessed each study for its design, measurements,
outcomes, and patient characteristics. Each risk of bias had a maximum score of 10.
Studies with less than six were considered low, 6-7 were moderate, and >8 were

deemed to be high quality.lel




Outcomes Assessed

1. Incidence of SBE in patients with cirrhosis

2. Incidence of SBP in patients with cirrhosis

3. Incidence of SBE in patients without concomitant ascites

Statistical analysis

Statistical analysis was performed using Comprehensive Meta-Analysis (CMA 3.0)
software (Biostat, Englewood, NJ). Pooled estimates and corresponding 95% confidence
intervals (CI) for dichotomous wvariables were calculated using the random-effects
inverse variance method.[”l Heterogeneity was measured by Cochrane Q and P
statistics, with values of <30%, 31% - 60%, 61% - 75%, and > 75% suggesting low,
moderate, substantial, and considerable heterogeneity, respectively.['s: 191 A funnel plot
combined with Egger’s tests was performed to assess publication bias. A p-value of 0.05
or less combined with asymmetry in the funnel plots was used to measure significant
publication bias. If < 0.05, the trim-and-fill computation was used to evaluate the effect
of publication bias on the interpretation of the results. Three levels of impact were
reported based on the concordance between the reported results and the actual estimate
if there was no bias. The impact was reported as minimal if both versions were
estimated to be the same, modest if the effect size changed substantially. Still, the final
finding would remain the same and severe if the bias threatens the conclusion of the
analysis.20l To evaluate an individual study's effect on the collective outcome,
sensitivity analysis was completed.

RESULTS

Study characteristics

An initial search identified 155 publications after removing duplicates. After screening
full-text articles, eight studies were eligible for qualitative and quantitative synthesis, as
shown in Supplementary Figure 1. Study locations included Spain, Taiwan, Egypt, and
Pakistan between 1988 - 2017. Among eight studies, 8899 patients (270 males and 110

females; not all studies reported sex); were included, with the median age between 41.2




to 69.7 years. Most of the patients were Child-Turcott Pugh (CPT) B and C, while the
average MELD score was 18.6 + 8.09. 202 cases were seen in the right pleural space,
while 64 cases were seen in the left pleural space, eight cases of bilateral pleural
effusions were reported. Study and baseline clinical characteristics have been
summarized in Tables 1 and 2.
Quality Assessment
Scores for methodological quality assessment are shown in Supplementary Figure 2.
Amongst eight studies, one was prospective, I8l five retrospective,l6:7.2123] and two were
cross-sectional.l> 241 All studies were performed in single-centers.
Meta-analysis Outcomes
Incidence of SBE in patients with cirrhosis :
All eight studies reported the incidence of SBE in patients with cirrhosis.[>% 21-24 A total
of 1334 patients had pleuggl effusions, and the pooled incidence of SBE was 15.6% (CI,
12.6-19; p <0.001, I250%). The true effect size in 95% of all comparable populations falls
in the interval 0.12 - 0.21. [Figure 1]
Incidence of SBP in patients with cirrhosis
Seven studies reported ascites and incidence of SBP.I57.21-241 After pooling the results of
2636 patients, the incidence of SBP was 22.2% (CI, 9.9-42.7; p <0.001, I? 97.8%). The true
effect size in 95% of all comparable populations falls in the interval 0.01 - 0.90. [Figure 2]
Incidence of SBE in patients without concomitant ascites
Six studies reported SBE without concomitant ascites.[>% 2! 2 The pooled incidence of
E in patients without concomitant ascites was 9.5% (CI, 3.6-22.8; p <0.001, 12 82.5 %).
The true effect size in 95% of all comparable populations falls in the interval 0 - 0.76.
igure 3]
Validation of Meta-analysis Results
Sensitivity Analysis
We completed a one-study removal sensitivity analysis to assess if one study had a
dominant effect on the meta-analysis. Statistical significance and direction of findings

for all outcomes remained unchanged.




Heterogeneity

The I2 was consistently between 50 - 75% across most outcomes suggesting considerable
heterogeneity of our sample.

Publication bias

A publication bias analysis and estimated symmetry could not be completed because

fewer than ten studies were included.

DISCUSSION

To our knowledge, this is the first systematic review and meta-analysis exploring the
incidence of SBE in patients with cirrhosis. The pleural space is a potential pocket for
infection and often can be overlooked in cases of septic decompensation. SBE is
recommended to be managed without a chest tube and requires the delivery of
appropriate antibiotics and exclusion of pneumonia, placing importance on timely
diagnostic thoracentesis. Our study includes one prospective, five retrospective, and
two cross-sectional studies amongst four countries with 8899 patients and 1334 cases of
pleural effusions. The criteria for diagnosis of SBE were consistent throughout most of
the studies and the parameters for cell count and culture results were identical to
widely accepted definitions of SBE.[?! Our results support the current understanding
that SBE most commonly occurs in patients with ascites or concomitant SBP. Studies
have been conflicting on its association with ascites /SBP. Our results uncovered SBE at
9.5%, which was previously unknown and demonstrates the high incidence. In our
cohort, roughly 22% had ascites and SBP, suggesting that the high SBE rates near SBP
incidence - indicating that the pleural space is a potential space for infection and should
be considered to complete a thorough evaluation.

Just as the peritoneal fluid is susceptible to translocation and infection leading to
SBP, the development of HH in the pleura is a risk factor for SBE. SBE without HH
occurs at less than 3%, but it increases up to 30% with underlying HH. Although HH
prevalence is 10%, this is likely underestimated, as patients with HH do not routinely

undergo thoracentesis.|8 26l Indications for thoracentesis include patients with HH who




develop fever, pleuritic pain, encephalopathy, or a sharp drop in renal function.l%
Pleural fluid characteristics to diagnose HH include a total cell count of PMN < 250/uL,
total protein <2.5 g/dL, albumin gradient >1.1g/dL, protein quotient <0.5, or LDH
gradient <0.6. A PMN count >250/uL with a positive pathogen detected or >500/uL
and a negative pathogen confirm SBE. Computed tomography (CT) can often be helpful
in the setting of SBE to detect pleural abscesses that may require more immediate
drainage. SBE development often occurs spontaneously or due to the flow of infected
ascites from the peritoneal to pleural space. Infected ascites develops from a variety of
mechanisms predominantly related to portal hypertension including (but not limited to)
bacterial translocation from increased gastrointestinal permeability and bacterial
overgrowth from intestinal dysmotility. SBE must be suspected in every patient with
HH, as its symptomatology varies greatly. In our study, cohorts from Egypt and Spain
mainly exhibited fever and dyspnea, while the remaining cohorts had cough, dyspnea,
pleuritic pain, or tachypnea.l5 8 22-24]

Amongst the included studies, sterile effusions were most common, while positive
cultures commonly reported enteric organisms - Escherichia cgli, Klebsiella pneumonia,
Pseudomonas aeruginosa, and enterococcus on pleural studies. The distinction between
SBE and empyema secondary to pneumonia is important as treatment differs greatly.
3rd generation cephalosporins such as cefotaxime and ceftriaxone were most used,

llowed by cefazolin, ampicillin/sulbactam, fluoroquinolones, and meropenem.
Carbapenems should be used for possible extended-spectrum beta-lactamase (ESBL)-
producing strains in high-risk patients. Aspiration and pigtail catheters were used in a
minority of studies, often in cases of frank pus and were not associated.> 24| Repeat
thoracentesis is not roua'lely performed and is only undertaken in non-responding
cases. Albumin infusion at 1.5g/kg on day 1 and 1g/kg on day 3 has shown benefit in
SBP and has been used in SBE; none in our included studies. Antibiotic duration based
on SBP experience has been recommended; however, the evidence was based on a few
cohorts and case-control studies.[?l In our meta-analysis, two studies reported a

duration of seven to ten days followed by a control thoracentesis.[”> 8 Antibiotic




response varied; one included study found SBE resolved in 72% of patients; however,
the need for aspiration and second-line antibiotic therapy is frequent. This same study
found 43% of patients died before second line therapy could be initiated.”] A chest tube
was only used in one of the patients and this patient had biochemical analysis
suggestive of empyema.|> 7!

Just as hepatic hydrothorax is known to decrease survival, SBE is known to impact
mortality negatively.?8] In our meta-analysis we found the mortality rate of SBE in
patients receiving treatment ranged from 20-38%.[> 21l Compared to patients without
SBE, patient with SBE have been shown to have a higher likelihood of death or liver
tr lantation at one year.[2¢l First-line treatment failure, odds ratio (OR) 7.56 followed
by ICU admission (OR 5.53), and concomitant bacteremia (OR 4.32), concomitant SBP
(OR 2.51), CPS (OR 1.59), and MELD-Na (OR 1.21) correlated to increased mortality.[”]
MELD-Na has been shown to most accurately predict SBE associated hospital mortality
with an area under the curve (AUC) of 0.793, followed by serum sodium - 0.778 and
CPS - 0.744. INR, pleural total protein, sex, creatinine, followed by diabetes mellitus,
MELD-Na, MELD, bilirubin have been identified as predictors of dual SBP and SBE
infection.[?] Five patients underwent an orthotopic liver transplant (OLT) a few months
after SBE and all were alive at follow-up five years after OLT.ISl HH management is
based on therapeutic principles of trea&"ng ascites - diuretics, sodium restriction, and
fluid removal in symptomatic cases. Transjugular intrahepatic portosystemic shunt
(TIPS) has been beneficial in cases of recurrent HH by reducing portal hypertension
pressures. Indwelling pleural catheters (IPCs) may be an option for patients who are not
TIPS candidates. IPCs have been associated with fewer complications compared to chest
tubes.[?] Chest tubes have been associated with increased mortality unless pus has been
demonstrated in the pleural space.l2s: 271 The development of SBE is significant for
patients in the peri-transplantation period, as a few studies have suggested that
independent SBE be considered an indication for liver transplantation evaluation and

MELD exception points due to its impact on outcomes. (826, 27]




A limitation for determining the incidence of SBE was the lack of studies and a
small number of included patients.[® 221 Despite this, we used a newer quality
assessment scale to elicit the performance characteristics of the included studies.
Follow-up data, including mortality, antibiotic duration, and the number of successfully
treated patients, were only reported in two studies./”- 81 Majority of included patients
were Child-Pugh class B or C, while a majority lacked a MELD score. MELD and Child-
Pugh scores were reported in two studies.[22. 2] There was considerable heterogeneity in
the included studies attributed to study location, patient selection, and characteristics.
To illustrate the range of true effects, we additionally provided prediction intervals to
our outcomes.|3 The lack of long-term results in our studies translates to our current
limited understanding of this disease process and its impact on respiratory mechanisms
and overall mortality. A publication bias was not provided due to fewer than ten

studies.

CONCLUSION

This study highlights the importance of considering SBE and HH in the differential
for patients with cirrhosis who have pleural effusion. HH in the setting of cirrhosis is
not routinely evaluated. The pleura can be an unrecognized nidus and our findings
support the use of diagnostic thoracentesis in patients with decompensated cirrhosis
after exclusion of other causes of pleural effusion. Thoracentesis should be considered
particularly in patients without ascites and when there is a high suspicion of infection.
It helps rule out empyema due to pneumonia and allows for targeted antibiotic therapy
against enteric organisms. Additionally, as rates of multi-drug resistant (MDR)
organisms increase globally, the need for organism identification for targeted treatment
will become even more crucial, making timely thoracentesis of key importance.l3!
Future observational and long-term studies will help elucidate further the mortality

rates, optimal treatment route and duration, and risk factors for SBE.




ARTICLE HIGHLIGHTS

Research background
Spontaneous bacterial empyema (SBE) is analogous to spontaneous bacterial peritonitis
(SBP); however, much less is understood regarding its incidence rate, treatment

strategies, and management.

Research motivation

The current understanding of SBE is limited by small sample size and results regarding
its association with ascites are conflicting. Previous studies have noted patients who
have cirrhosis and SBE may have poorer outcomes therefore more information
regarding its association with ascites/SBP, incidence, treatment, and effect on outcomes

are needed.

Research objectives

We identified the incidence of SBE in patients with cirrhosis, the incidence of SBP in
patients with cirrhosis, and the incidence of SBE in patients without concomitant
ascites. Additionally, we performed a systematic review of the treatment and outcomes

of SBE.

Research methods
We performed a meta-analysis using a random-effects model with pooled proportions
and 95% confidence intervals (CI). We assessed heterogeneity using I? and classic fail-

safe to determine bias.

esearch results
A total of 1334 patients had pleural effusions and the pooled incidence of SBE was
15.6% (CI 12.6-19; I° 50). Amongst patients diagnosed with SBE, the most common
locations included right (202), left (64), and bilateral (8). Amgngst our cohort, a total of
2636 patients had ascites with a pooled incidence of SBP of 22.2% (CI 9.9-42.7; I* 97.8).




The pooled incidence of SBE in patients with cirrhosis but without concomitant ascites

was 9.5% (CI 3.6-22.8; I2 82.5).

Research conclusions

SBE frequently occurs with concurrent ascites /SBP; our results suggest high incidence
rates of SBE even in the absence of ascites. The pleura can be an unrecognized nidus
and our findings support the use of diagnostic thoracentesis in patients with
decompensated cirrhosis after exclusion of other causes of pleural effusion.
Thoracentesis should be considered particularly in patients without ascites and when
there is a high suspicion of infection. The need for diagnostic thoracentesis will continue
to be important as rates of multi-drug resistant bacterial infections increase and

antibiotic susceptibility information is required for adequate treatment.

Research perspectives

This study suggests the baseline incidence of SBE is high in patients with cirrhosis and
diagnostic thoracentesis should be considered after underlying pulmonary and cardiac
causes have been ruled out, especially when there is high concern for infection. High
index of suspicion for SBE must be maintained especially in cirrhosis patients with
pleural effusions and without underlying ascites. Timely treatment is warranted given
high associated mortality of SBE. Future prospective studies are needed, as it remains
unclear if long term prophylaxis against SBE is warranted in patients with

decompensated cirrhosis.
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