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This paper is part of a clinical practice guideline update on-the risk assessment, diagnostic
imaging, and microbiological evaluation of complicatedintra-abdominal infections in adults,
children, and pregnant people, developed by the Infectious Diseases Society of America. In this
paper, the panel provides a recommendation. for risk stratification according to severity of illness
score. The panel’s recommendation is based upon evidence derived from systematic literature
reviews and adheres to a standardized methodology for rating the certainty of evidence and
strength of recommendation according to the GRADE (Grading of Recommendations,
Assessment, Development and Evaluation) approach.
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In adults and children with complicated intra-abdominal infection, which severity of
illness score for risk stratification calculated within 24 hours of hospital or intensive
care unit (1CU) admission best predicts 30-day or in-hospital mortality?

Recommendation: Risk stratification according to severity of illness is important for
management of complicated intra-abdominal infection. For adults with complicated intra-
abdominal infection, if a severity of illness score is used, the panel suggests APACHE |1 (Acute
Physiology Age Chronic Health Evaluation I1) as the preferred severity of illness score for risk
stratification within 24 hours of hospitalization or ICU admission (conditional recommendation,
low certainty of evidence).

Remarks:

e Because the WSES (World Society of Emergency Surgery) Sepsis Severity Score is
specific to complicated intra-abdominal infection and performs well, it is an acceptable
alternative to APACHE 11 for adults with complicated intra-abdominal infection.
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e No severity of illness scoring system specific to complicated intra-abdominal infection
can be recommended to guide management of pediatric patients with complicated intra-
abdominal infection at present.

INTRODUCTION

This paper is part of a clinical practice guideline update on the risk assessment, diagnostic
imaging, and microbiological evaluation of complicated intra-abdominal infections.in adults,
children, and pregnant people, developed by the Infectious Diseases Society of America [1-7].
Here, the guideline panel provides a recommendation for risk stratification in adults with
complicated intra-abdominal infection, according to severity of illness as determined by a
scoring system. This recommendation replaces previous statements.in the last iteration of this
guideline [8].

A complicated intra-abdominal infection extends beyond the hollow viscus of origin into the
peritoneal space and is associated with either abscess.formation or peritonitis; this term is not
meant to describe the infection’s severity or._anatomy. An uncomplicated intra-abdominal
infection involves intramural inflammation of the gastrointestinal tract and has a substantial
probability of progressing to complicated infection if not adequately treated.

This recommendation is intended for use byhealthcare professionals who care for patients with
suspected intra-abdominal infections:

METHODS

The panel’s recommendation is based upon evidence derived from systematic literature reviews
and adheres to a standardized methodology for rating the certainty of evidence and strength of
recommendation ~according to the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) approach (Supplementary Figure 1) [9]. The recommendation has
been endorsed’ by the European Society of Clinical Microbiology and Infectious Diseases
(ESCMID)and the Pediatric Infectious Diseases Society (PIDS). Strong recommendations are
made when the recommended course of action would apply to most people with few exceptions.
Conditional recommendations are made when the suggested course of action would apply to the
majority of people with many exceptions and shared decision-making is important.

A comprehensive literature search (through October 2022) was conducted as part of a systematic
review. Key eligibility criteria at both the topic and clinical question levels guided the search and
selection of studies. For the clinical question addressed here, the panel considered patients with
complicated intra-abdominal infection who received a scoring tool to assess risk. Studies
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reporting on 30-day or in-hospital mortality that referenced adjusted, multivariate analyses were
included. Refer to the full list of eligibility criteria in the Supplementary Material.

Odds ratios, hazard ratios, and/or risk ratios or area under the receiver operating characteristic
(ROC) curve and 95% Cls were generated for each scoring tool using random effects meta-
analysis of pooled results [10]. Included studies underwent critical appraisal according to the
GRADE approach, and then an assessment of benefits and harms of care options informed. the
recommendation [9, 11]. Details of the systematic review and guideline development processes
are available in the Supplementary Material.

Summary of evidence

Severity of illness assessment can be helpful in risk stratification-and for choosing treatment
strategies for patients with complicated intra-abdominal infection. Although several severity of
illness scoring tools have been studied in patients with complicated.intra-abdominal infection,
none had been subjected to a rigorous systematic review and.meta-analysis.

Severity of lllness Scoring Systems for Complicated-Intra-abdominal Infection. Over 20
different severity of illness scoring systems have.been reported in the studies found. The four
most common scoring systems were all disease-nonspecific and included: APACHE Il [12],
SOFA (Sequential Organ Failure Assessment) [13], SAPS Il (Simplified Acute Physiology Score
I1) [14], and ASA (American Society of Anesthesiologists) [15]. APACHE 11 was introduced in
1985 to reflect both premorbid factors such as patient age and chronic medical conditions, as
well as acute changes in 12 physiologic parameters [12]. SOFA was introduced in 1996 to assess
patients with sepsis-associated multiple organ failure or dysfunction in critical care units [13].
The score is based on- six-different organ systems (respiratory, cardiovascular, hepatic,
coagulation, renal and neurological), but does not include age and chronic health or co-
morbidities. SAPS/I1 was introduced in 1993 based on logistic regression modeling of a North
American/European. multicenter study of adult ICU patients [14]. Scoring was based on 12
physiologic variables, age, type of hospital admission, and three variables related to underlying
disease. ASA was originally developed in 1941 to assess anesthetic risks but was later found to
be also useful for assessing surgical risks [15]. These four scoring systems were selected for
systematic review and meta-analyses (Supplementary Table 1). Only five of the severity scoring
systems were disease-specific and validated for patients with different complicated intra-
abdominal infections (i.e., Peptic Ulcer Perforation score (PULP) [16, 17]; WSES Sepsis
Severity score for patients with complicated intra-abdominal infection [18]; and Ranson [19],
Glasgow, and BISAP (Bedside Index of Severity in Acute Pancreatitis) [20] for acute necrotizing
pancreatitis. The WSES Sepsis Severity score was derived in Europe from six clinical
determinants found to be independent predictors of hospital mortality among patients with
complicated intra-abdominal infection (clinical condition of the patient on admission with either
severe sepsis or shock, healthcare-associated infection, gastrointestinal origin of infection,
delayed initial intervention greater than 24 hours, age greater than 70 years, and presence of
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Immunosuppression) [18]. This scoring tool was also included for further analysis because it was
specifically developed for mortality prediction in all patients with complicated intra-abdominal
infection (Supplementary Table 1). All other scoring systems were developed primarily for
patients managed in 1CUs not necessarily with complicated intra-abdominal infection.

Mortality Risk by Different Severity Scoring Systems. The performance of each severity of
illness scoring system was compared by their odds ratio (OR), hazard ratio (HR), risk ratio (RR)
or ROC (AUC) for mortality prediction. APACHE Il was the most common .independent
prognostic factor for 30-day mortality identified by multivariate analyses (10.0f 13 studies; [21-
33]), followed by SOFA (9 of 11 studies; [33-43]), SAPS Il (5 of 5 studies; [35, 42, 44-46]),
ASA (4 of 7 studies; [16, 25, 32, 36, 47-49]. For each scoring system, forest plots of the odds or
other risk ratios and AUCs are shown in Supplementary Figures 2-6.

The ability of each severity scoring system to discriminate between patients who died or did not
from complicated intra-abdominal infection was quantitated by the concordance I-statistic, also
known as ROC or area under the receiver operating characteristic (AUC) curve [50]. The ROC
ranges from 0.5 (no discriminative ability) to 1 (perfect.discriminative ability). Values from 0.7-
0.8 are considered acceptable, 0.8-0.9 as excellent, and less than 0.6 as poor. The available
pooled ROC of these scoring systems is shown in Supplementary Figures 2-6. All four disease-
non-specific scoring systems performed well since their pooled AUC values were close to 0.8.
APACHE Il and SOFA had the best discriminative power (pooled AUC of 0.81 and 0.75,
respectively) [23, 27, 32, 42, 51-54]. ROC data was reported by only one study each for SAPS 11
(AUC 0.83), ASA (0.70), and WSES Sepsis Severity Score (0.83) [42, 55, 56].

The evidence underpinning this:recommendation is of low certainty due to study risk of bias
concerns (according to QUIPS assessment; Supplementary Tables 2a-e) [57, 58]; inconsistency
of results for the APACHE 11 studies, specifically; imprecision; and suspected publication bias
due to reporting statistically significant risk factors only (Supplementary Table 3).

Other Independent Risk Factors for Mortality. A total of 36 other independent risk factors
besides severity of 1liness scores were identified from 34 studies (Supplementary Table 4) [16-
18, 21, 22, 24, 26, 28, 31, 34, 35, 39, 42, 44-47, 54, 59-73]. Where more than one study
identified the same risk factor, the pooled OR and 95% CI was reported and only if statistically
significant. These risk factors were categorized into a) non-modifiable (16 factors), and b)
potentially modifiable (20 factors). Among the latter, presence of renal (10 studies),
cardiovascular (five studies) or respiratory (four studies) dysfunction, sepsis (3 studies) or shock
(five studies), inadequate source control (three studies), delayed (>24 hours) source control (five
studies), and inappropriate antimicrobial therapy (five studies) were the statistically significant
independent mortality risk factors in adult patients with complicated intra-abdominal infection.
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Rationale for recommendation

APACHE Il was chosen over other severity of illness scoring systems for risk assessment of
patients with complicated intra-abdominal infection because: a) even though this tool is disease-
non-specific, it has been rigorously tested in patients with complicated intra-abdominal infection
and variable severity of illness; b) it appears to be valid independent of the source or site of
infection; c) it has acceptable discriminative power as determined by ROC assessment;d) ina
retrospective study of 544 patients with complicated intra-abdominal infection, after multivariate
analysis of 37 variables, it was found to be one of six independent predictors for mortality,
whereas SOFA was not [33]; e) it is relatively easy to calculate for all patients within'24 hours of
hospital admission, and a user-friendly calculator is available online
(http://'www.globalrph.com/apacheii.htm).

SOFA was not selected for three reasons: a) SOFA was developed originally to sequentially
assess the degree of multiple organ failure in critically ill patients with sepsis, but is not suitable
for categorizing patients with low-moderate severity without sepsis or organ failure within 24
hours of hospital admission; b) SOFA was not intended to indicate the success or failure of
interventions or to influence medical management [13];.c) SOFA assesses the dysfunction of six
organ systems (respiratory, cardiovascular, neurologic;.renal, hepatic, coagulation) but does not
take into consideration age and chronic health.or comorbidities, which are important components
of APACHE II. Although SAPS 11 performed well, it was evaluated in 5 studies with more
limited study populations. Additionally, only one study reported ROC data for discriminative
power. Similarly, ASA was evaluated. in seven studies and was found to be an independent
predictor for mortality in only four. ASA is also less precise and subject to inter-observer bias
compared to other severity scoring systems [74]. WSES Sepsis Severity Score, the only disease-
specific scoring tool for complicated intra-abdominal infection, also performed well; however,
only moderately ill patients. were included in these studies. This scoring system was developed
and validated based on findings of a large multicenter study of patients with complicated intra-
abdominal infection spanning 54 countries worldwide [18], and then validated in two single-
center prospective studies from the United Arab Emirates (multivariate model) [75] and Kenya
(univariate model) [76]. Importantly, the overall mortality in these studies was relatively low,
ranging from1% to 12.8% (mean 9.1%), and the most common complicated intra-abdominal
infections included in these studies were perforated appendicitis or duodenal perforation. It is
unclear if the WSES sepsis severity score is generalizable to more seriously ill patients.

At present, no specific risk stratification scheme can be recommended to guide management of
pediatric patients with complicated intra-abdominal infection. Although some scoring systems,
including PRISM (Pediatric Risk of Mortality) [77], PIM (Pediatric Index of Mortality) [78], and
PELOD-2 (Pediatric Logistic Organ Dysfunction-2) [79] have been validated for children
admitted to pediatric intensive care units (PICUSs), they are primarily used as tools for quality
assessment and performance measures of PICUs. Their utility as a tool to guide individual
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patient management in disease-specific conditions such as complicated intra-abdominal infection
both inside and outside of the PICU setting remains unclear.

Implementation considerations

Risk stratification based on severity of illness is an important predictor of mortality in-patients
with complicated intra-abdominal infection and can guide appropriate therapy and urgency of
source control. It is best to determine risk as early as possible, preferably within 24 hours of
hospital admission. Risk groups based on APACHE II scores can be categorized into “low” (0-
10), “intermediate” (11-15), and ‘“high” (>15), with predicted mortality of 20-30% in the
“intermediate” risk group and ~50% in the “high” risk group in patients.with‘complicated intra-
abdominal infection [50]. It is equally important to identify other independent risk factors for
mortality not captured by APACHE II in “low” risk patients.

Research needs

Just prior to publication, a new pediatric sepsis score was published, the Phoenix Sepsis Score
[80] [81]. The score has been validated in pediatric emergency department, inpatient, and 1CU
settings. Future studies applying the Phoenix Sepsis Score, PRISM, PIM, and PELOD-2 to intra-
abdominal infection specifically would be very helpful. Additionally, further validation of the
WSES Sepsis Severity Score in more critically ill patients would be beneficial.
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Disclaimer: It is important to recognize that guidelines cannot always account for individual
variation among patients. They are assessments of current scientific and clinical information
provided as an educational service; are not continually updated and may not reflect the most
recent evidence (new evidence may emerge between the time information is drafted and when it
is published or read); should not be considered inclusive of all proper methods of care,or as a
statement of the standard of care; do not mandate any course of medical care; and are not
intended to supplant clinician judgment with respect to particular patients or situations. Whether
to follow guidelines and to what extent is voluntary, with the ultimate determination regarding
their application to be made by the clinician in the light of each patient’s individual
circumstances. While IDSA makes every effort to present accurate, complete, and reliable
information, these guidelines are presented “as is” without any warranty, either express or
implied. IDSA (and its officers, directors, members, employees, and ‘agents) assume no
responsibility for any loss, damage, or claim with respect to anyliabilities, including direct,
special, indirect, or consequential damages, incurred in connection“with these guidelines or
reliance on the information presented.

The guidelines represent the proprietary and copyrighted property of IDSA. All rights reserved.
No part of these guidelines may be reproduced, distributed, or transmitted in any form or by any
means, including photocopying, recording, or other electronic or mechanical methods, without
the prior written permission of IDSA. Permission is granted to physicians and health care
providers solely to copy and use the guidelines in their professional practices and clinical
decision making. No license or permission is granted to any person or entity, and prior written
authorization by IDSA is required to sell, distribute, or modify the guidelines, or to make
derivative works of or incorporate the‘guidelines into any product, including, but not limited to,
clinical decision support-software or any other software product. Except for the permission
granted above, any person or entity desiring to use the guidelines in any way must contact IDSA
for approval in accordance with the terms and conditions of third -party use, in particular any use
of the guidelines in-any software product.

Financial-support: This work was supported by the Infectious Diseases Society of America.

Possible conflicts of interest: Evaluation of relationships as potential conflicts of interest is
determined by a review process. The assessment of disclosed relationships for possible COls is
basedon the relative weight of the financial relationship (i.e., monetary amount) and the
relevance of the relationship (i.e., the degree to which an association might reasonably be
interpreted by an independent observer as related to the topic or recommendation of
consideration). A.C. receives honoraria from UpToDate, Inc. J.R.B. serves as Past President of
the European Society of Clinical Microbiology and Infectious Diseases. M.S.E. receives
royalties from UpToDate, Inc. as Co-Section Editor of Pediatric Infectious Diseases. M.H. serves
on the Society Healthcare Epidemiology of America (SHEA) Board of Directors. All other
authors reported no relevant disclosures.

DOI: 10.1093/cid/ciae347 8

20z AInf gz uo 1senb Aq 87650/ ///7E9EID/PIO/EE0L 01 /10P/[0ILE-80UBAPE/PIO/WOS" dNO"0IWEPEDE//:SARY WOl PSPEOUMOC



Additional information: More detailed information on the analysis and development of
recommendations is available in the Supplementary Material.
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