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INTRODUCTION

The Centers for Medicare and Medicaid Services’ Hospital
Readmissions Reduction Program penalizes hospitals for ex-
cess 30-day hospital readmissions.1 Readmission reduction
efforts have focused on patient-level factors. Whether organi-
zational factors contribute to readmission risk is largely un-
known. Intensive care unit (ICU) survivors are particularly at
risk for hospital readmissions.2, 3 ICU capacity strain, when
demand for ICU resources exceeds availability, is associated
with short-term ICU patient outcomes.4, 5 However, most ICU
survivors are transferred to general wards prior to hospital
discharge and are therefore subjected to ward-level exposures
that could impact readmission risk.
Our objective was to determine if ward capacity strain6 on

the last day of hospitalization is associated with increased 30-
day hospital readmission rates, as pressures on staff and re-
sources may impede optimal discharge planning for complex
patients.

METHODS

We performed a retrospective cohort study in three organiza-
tionally independent University of Pennsylvania Health Sys-
tem hospitals with diverse patient populations. We included
data from electronic medical records for medical and surgical
ICU survivors discharged to general wards in 2014 and 2015.
We excluded patients who died prior to discharge, transitioned
to hospice, left against medical advice, and were transferred to
other acute care hospitals.
We defined ward capacity strain by patient volume, staff

workload, and ward acuity measures on patients’ last calendar

day of hospitalization. Patient volume measures included
numbers of new admissions and hospital discharges, and
census (number of patients occupying beds). Staff workload
measures included numbers of off-ward transports, total med-
ications administered across patients, orders requiring respira-
tory therapy involvement, and blood products transfused.
Overall acuity measures included numbers of patients on
telemetry monitoring, with quick Sequential Organ Failure
Assessment (qSOFA) scores ≥ 2, and transferred to an ICU.6

The outcome was 30-day all-cause hospital readmissions.
We performed logistic regression using pre-specified patient
characteristics (age, gender, race, insurance type, Elixhauser
comorbidities, and pre-ward hospital length of stay) to predict
30-day hospital readmissions overall and stratified by individ-
ual wards. We then added ward-level strain variables and
repeated logistic regression to predict 30-day hospital
readmissions overall and stratified by ward. We used c-
statistics to assess model discrimination and Hosmer-
Lemeshow (H-L) chi-squared goodness-of-fit tests to assess
calibration. We used DeLong tests for each set of paired
models to compare discrimination. We then performed penal-
ized logistic regression using least absolute shrinkage and
selection operator, including patient- and ward-level variables
to identify variables most predictive of 30-day hospital
readmissions.
We performed all analyses using Stata version 14.1

(StataCorp LP, College Station, TX). The University of Penn-
sylvania Institutional Review Board approved this protocol.

RESULTS

The study population included 18,710 visits among 12,429
ICU survivors in 33 wards. Median age was 63 years (IQR
51–73), 56% were male, and 61% were white. Two thousand
six hundred ten (14%) visits were readmitted within 30 days of
hospital discharge (11–226 visits per ward). Of the 33 wards,
there were 32 median operational beds (IQR 30–42) per ward.Published online July 18, 2018
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Fig. 1 Heterogeneous increases in c-statistics across wards when ward-level capacity strain variables are added to patient-level variables.* *The
c-statistic is a measure of predictive accuracy that ranges from 0.5 to 1.0. Generally, a statistical model is considered to be reasonable when the c-statistic
is higher than 0.7 and strong when the c-statistic exceeds 0.8. An increase in the c-statistic for a given ward indicates that the inclusion of measures of
ward capacity strain improved the prediction of the statistical model over the model without these variables. The result of the statistical tests to quantify

these increases is indicated in the figure legend.

Fig. 2 Medications administered, hospital discharges, and census are three of the five strongest predictors of 30-day hospital readmissions across
individual wards.* *In penalized logistic regression, variables enter the model according to predictive value. Variables that are added in first, second,
and third, for example, can be interpreted as the three strongest predictors of the outcome, which are presented here. qSOFA, quick Sequential Organ

Failure Assessment; ICU, intensive care unit.
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In the population overall, models with patient characteris-
tics alone and with the addition of ward-level variables had
similar predictive ability (c-statistic 0.61 [95% CI 0.59–0.61]
versus 0.62 [95%CI 0.60–0.63], respectively; p = 0.03). How-
ever, among individual wards, the addition of ward-level
variables improved predictive ability (c-statistics increased
by 0.01–0.15), with 9 of 33 wards having significant increases
according to DeLong tests (Fig. 1). Thirty-one of 33 wards had
non-significant H-L tests, indicating good model calibration.
Medications administered, hospital discharges, and census
were three of the five strongest predictors of 30-day hospital
readmissions (Fig. 2).

DISCUSSION

In an integrated health system, although unchanged in the
overall population, ward capacity strain metrics improved
prediction of 30-day hospital readmission risk in nearly one
out of three hospital wards, likely due to the heterogeneity of
the overall population. This study has important limitations.
First, adjustment for patient case-mix may have been imper-
fect. Second, small numbers of ICU survivors per ward could
lead to model overfitting. Last, readmissions to other hospital
systems and emergency department (ED) visits were not cap-
tured, which would bias our findings towards the null. If we
included readmissions to other hospital systems and EDs, our
findings would only be more robust. Future studies are needed
to externally validate our findings and to assess the impact of
ward capacity strain on hospital readmissions among other
patient populations and in other settings.
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