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a b s t r a c t

Objectives: To determine whether ICU readmission is associated with higher severity of illness scores in
adult patients.
Background: Readmissions to the intensive care unit (ICU) are associated with increased costs, morbidity,
and mortality.
Methods: We performed searches of MEDLINE, EMBASE, and grey literature databases. We selected
studies reporting data from adults who were hospitalized in an ICU, received severity of illness scores,
and were discharged from the ICU. Characteristics of readmitted and non-readmitted patients were
examined.
Results: We screened 4766 publications and included 31 studies in our analysis. In most studies, severity
of illness scores were higher in patients readmitted to the ICU. Readmission was also associated with
higher mortality and longer ICU and hospital stays. Excessive heterogeneity precluded the reporting of
results in the form of a meta-analysis.
Conclusions: ICU readmission is associated with higher severity of illness scores during the same hos-
pitalization in adult patients.

� 2016 Elsevier Inc. All rights reserved.

Introduction

Readmission to the intensive care unit (ICU) is a frequent
adverse outcome in the critically ill population.1 Approximately 10%
of patients discharged from the ICU require readmission during the
same hospital stay.2 Readmission exposes patients to increased
risks, as transfers between health care professionals have been
linked to an increased rate of adverse events, higher mortality, and
longer hospital stays.2e5 Furthermore, the financial impact of ICU
care is considerable, as up to 30% of total hospital costs and 1% of

the US gross national product are directly linked to ICU expenses.6

The management of critically ill patients therefore pose significant
challenges to health care systems seeking to improve quality and
reduce unplanned health care utilization.7,8

Given the sizeable proportion of health care resources dedicated
to critical care, reductions in ICU readmission rates could be an
indicator of improved hospital performance.9,10 An important first
step in reducing the number of ICU readmissions is identifying
patients who are most likely to be readmitted. Therefore, there is
substantial interest in examining risk factors associated with ICU
readmission.

A 2009 systematic review and meta-analysis suggested that the
Acute Physiology and Chronic Health (APACHE) score and the
Simplified Acute Physiology Score (SAPS) may be useful in pre-
dicting ICU readmission. Both of these severity of illness scoring
systems are routinely used in ICUs to predict mortality risk.11e13

Prediction models for ICU readmission that incorporate severity
of illness scores have been proposed, but are not routinely used in
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clinical practice.14e17 The prospect of predicting ICU readmission
risk using only APACHE or SAPS scores is an attractive one, as
implementation of these systems would not require additional ICU
resources.

Since the publication of the prior review, the delivery of health
care services in the US has been changing to adjust to Affordable
Care Act (ACA) priorities. Adopted by the US Congress in 2010, the
primary aim of the ACA is to increase affordability of health
insurance to Americans. The ACA has also introduced programs
through which payment for health care services are linked to
quality of care. ACA programs provide incentives for hospitals to
improve value by reducing complicated care transitions and un-
planned health care utilization, including hospital and ICU read-
missions. This has led to an increased number of studies focusing
on quality of care and predictors of readmission. Furthermore,
novel interventions, such as critical care transition programs, may
lower discharge thresholds and modify readmission rates.18 The
objective of this systematic review is to evaluate whether read-
mission to the ICU during the same hospitalization remains asso-
ciated with the most commonly used severity of illness scores
(APACHE and SAPS) in adult patients.

Methods

Data sources

Our analysis was performed in accordance with methodology
described in the Cochrane Handbook for Systematic Reviews of
Interventions.19 We searched the MEDLINE and EMBASE databases
for literature published from inception to February 3 2014. Our
search strategy included a combination of controlled vocabulary
(MeSH and Emtree) and free-text keywords. Searches were devel-
oped in consultation with information specialists from the Johns
Hopkins Welch Medical Library. We selected search terms related
to three concepts: intensive care; severity of illness; and ICU
readmission. We did not restrict the searches with regards to lan-
guage, study type, or publication year. The full search strategy is
presented in Supplementary Data Table 1. We searched the refer-
ence lists from our included articles to identify any additional
relevant citations and completed forward citation searching
through Web of Science. Using an abbreviated search strategy, we
identified potentially relevant unpublished studies from the
following databases: the NIH clinical trials registry (www.
clinicaltrials.gov), WHO International Clinical Trials Registry Plat-
form, Cochrane Register of Controlled Trials (CENTRAL), OpenSIGLE
(System for Information on Grey Literature in Europe) and the New
York Academy of Medicine Grey Literature Report and Database.
We also searched conference proceedings of the American Thoracic
Society and the European Respiratory Society.

Study selection

All titles and abstracts were randomly assigned to be indepen-
dently screened by two of five investigators (EGW, AMP, DGL, EPB
and AIA). Observational studies (prospective or retrospective
cohort studies, and caseecontrol studies) that collected severity of
illness measures and ICU readmission data were included in our
systematic review. Abstracts as well as full-length publications
were included in order to minimize potential publication bias.
Reviews, case reports, randomized-controlled trials (RCTs), edito-
rials, and case series were excluded. Studies were subsequently
excluded during the selection process if they: 1) did not study adult
ICU patients (�18 years of age, predefined as “adults” by the
manuscript authors, or admitted to an adult ICU); 2) did not cate-
gorize patients based on readmission status; 3) did not report a

severity of illness score (SAPS, APACHE); 4) were not in English,
Spanish, or French (languages spoken by the investigators); or 5)
were not observational studies. The full texts of all studies selected
based on titles and abstracts were also reviewed by two indepen-
dent investigators, and the same exclusion criteria were applied.
Any disagreements regarding inclusion of a specific article were
adjudicated by discussion among investigators.

Data extraction and risk of bias assessment

Studies selected for analysis were randomly distributed across
the five-investigator group. Datawas independently extracted from
each study by two investigators and subsequently verified between
the dyad. Any discrepancies were resolved through discussion.
Study design, participant, exposure, and outcome information was
collected and entered into an electronic database. Risk of bias
assessments were performed using the Newcastle-Ottawa Scale
(NOS) for Assessing the Quality of Nonrandomized Studies in Meta-
Analysis.20 Two investigators independently assessed each study
for the following characteristics that would increase the risk of bias:
selection of study subjects; comparability of exposure groups; and
measurement of the exposure or outcome. Potential reporting and
publication biases were examined graphically with a funnel plot.

Data synthesis and analysis

Our primary measure of association was the standardized mean
difference (SMD) in severity of illness scores between readmitted
and non-readmitted patients. This measure was selected so that
different severity of illness indices could be compared. If studies
reported both APACHE and SAPS scores, we used the APACHE scores
in our combined analysis because this measure was the most
frequently reported. When both ICU admission and discharge
scores were available, admission scores were used to maximize
comparability with the other included studies. For studies report-
ing severity of illness scores as medians and interquartile ranges
(IQR), a normal distribution was assumed: medians were
substituted for the mean, and IQRs were converted to standard
deviations as recommended by the Cochrane Handbook.19 Sec-
ondary outcomes included ICU length of stay (LOS), hospital LOS,
and in-hospital mortality.

We assessed the degree of clinical heterogeneity between
studies by comparing multiple types of study characteristics: study
participants; type of ICU; type of severity of illness score; and
timing of severity of illness measurement. In addition, we evaluated
methodological heterogeneity by comparing study designs and risk
of bias assessments. Forest plots were generated using Stata 12/IC
software (StataCorp LP, College Station, TX) to assess for hetero-
geneity between studies. Poor overlap of the confidence intervals of
SMD’s would suggest significant heterogeneity. Quantitative
assessment for heterogeneity was performed by calculating I2 sta-
tistics. We considered an I2 value above 50% as evidence of signif-
icant heterogeneity. We also calculated chi-squared statistics
(Cochran’s Q test) to assess for heterogeneity, with a p-value <0.05
suggesting significant heterogeneity.

Subgroup analyses were performed for the following
pre-specified groups: type of severity score used (APACHE vs.
SAPS); version of score used (APACHE I-IV, SAPS I-III); time of
severity score assessment (ICU admission vs. ICU discharge); type
of ICU (medical vs. surgical vs. mixed); risk of bias (low, moderate,
high); type of study design (caseecontrol vs. cohort); and continent
in which the study was performed. We conducted sensitivity ana-
lyses to determine the impact of excluding studies with higher risk
of bias, or studies reported in the grey literature.We also performed
a sensitivity analysis to determine the impact of excluding studies
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