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Abstract

Rationale: The epidemiology of post-acute care use and
hospital readmission after sepsis remains largely unknown.

Objectives: To examine the rate of post-acute care use and hospital
readmission after sepsis and to examine risk factors and outcomes for
hospital readmissions after sepsis.

Methods: In an observational cohort study conducted in an academic
health care system (2010-2012), we compared post-acute care use at
discharge and hospital readmission after 3,620 sepsis hospitalizations
with 108,958 nonsepsis hospitalizations. We used three validated,
claims-based approaches to identify sepsis and severe sepsis.

Measurements and Main Results: Post-acute care use at
discharge was more likely after sepsis, driven by skilled care facility
placement (35.4% after sepsis vs. 15.8%; P < 0.001), with the highest
rate observed after severe sepsis. Readmission rates at 7, 30, and 90 days
were higher postsepsis (P < 0.001). Compared with nonsepsis
hospitalizations (15.6% readmitted within 30 d), the increased

readmission risk was present regardless of sepsis severity (27.3% after
sepsis and 26.0-26.2% after severe sepsis). After controlling for
presepsis characteristics, the readmission risk was found to be 1.51
times greater (95% CI, 1.38-1.66) than nonsepsis hospitalizations.
Readmissions after sepsis were more likely to result in death or
transition to hospice care (6.1% vs. 13.3% after sepsis; P < 0.001).
Independent risk factors associated with 30-day readmissions
after sepsis hospitalizations included age, malignancy diagnosis,
hospitalizations in the year prior to the index hospitalization,
nonelective index admission type, one or more procedures during
the index hospitalization, and low hemoglobin and high red cell
distribution width at discharge.

Conclusions: Post-acute care use and hospital readmissions were
common after sepsis. The increased readmission risk after sepsis
was observed regardless of sepsis severity and was associated with
adverse readmission outcomes.
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Sepsis is a growing public health problem
(1). Advances in care and increased
recognition have led to improvements

in in-hospital mortality rates in the 2-3
million annual U.S. cases (2-6). Coupled
with an increasing incidence (2, 3), the
population of sepsis survivors is expanding

rapidly (7). Survivors often incur morbidity
that could undermine their future health,
including sepsis-induced inflammation,
immunosuppression, functional disability,
and cognitive impairment (8-10).
Improving care transitions and
reducing 30-day hospital readmissions have

become a national priority in the United
States (11-13). Post-acute care use,
including services and placement at
discharge, is costly and increasing (12).
When combined with 30-day readmissions,
the costs of post-acute care may rival

the cost of the index hospitalization,
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ORIGINAL RESEARCH

highlighting the incentive to integrate
acute and post-acute care for high-risk
conditions (12, 13).

Recent data suggest that health care
utilization increases after sepsis (14-17). As
these studies were largely restricted to the
elderly (15, 16) or the most severely ill
(14, 16, 17), and because all but one lacked
a comparison group (14, 15, 17), essential
questions remain unanswered. In our
present multicenter study, we set out to
examine four questions. First, compared
with nonsepsis hospitalizations, what is the
rate of post-acute care use and hospital
readmission after sepsis? Second, is the
increased readmission risk after sepsis
confined to certain patients (e.g., the
most severely ill)? Third, compared
with readmissions after nonsepsis
hospitalizations, are outcomes during
readmissions worse after sepsis
hospitalizations? Fourth, what risk
factors are associated with 30-day
readmission after sepsis?

Methods

Study Design

We conducted a multicenter retrospective
cohort study within the University of
Pennsylvania Health System (UPHS), an
integrated academic health care system.
UPHS consists of three acute care hospitals
in Philadelphia, Pennsylvania. We included
adult medical and surgical admissions to
UPHS hospitals between July 2010 and July
2012. We focused on patients discharged
alive and not transitioned to hospice care
to identify a population at risk for hospital
readmission (Figure 1). The University of
Pennsylvania Institutional Review Board
approved the study (no. 818852) with an
informed consent exemption.

Data Collection

To examine post-acute care use and
readmission rates after an acute care
hospitalization, we merged administrative
and electronic health record data. We
collected sociodemographics, comorbid
conditions, hospitalizations in the prior
year, and hospitalization details. We
previously reviewed medical records to
ensure the quality of the administrative
data using this approach (18) and
reviewed a sample of cases and each
variable for quality assurance for the
present study.

Hospital Admissions
N=158,273

Excluded (N=40,959)

¢ 34,369 non-medical, non-surgical
admissions

« 3,629 observation stays

« 1,326 against medical advice

« 1,021 missing disposition or
admission information

« 614 transferred to alternate site

A,
Medical/Surgical
Admissions
N=117,314

Excluded (N=4,736)
¢ 2,545 expired
« 2,191 discharged to hospice

At-Risk Cohort
112,578 Admissions
73,999 Subjects

Figure 1. Schematic diagram of the enrollment process.

We discriminated sepsis from
nonsepsis hospitalizations using
International Classification of Diseases,
Ninth Revision, Clinical Modification
(ICD-9-CM), codes based on
administrative data (18-20). Sepsis was
defined using three validated approaches
to capture the spectrum of disease
severity (18-20). We identified cases of
sepsis using the explicit ICD-9-CM-
specific code method (995.91) for sepsis.
We used two complementary approaches
to identify severe sepsis cases. In the first
one, we used the explicit ICD-9-specific
codes for severe sepsis and septic shock
(995.92 and 785.52, respectively). In the
second, we used an implicit approach
requiring ICD-9-CM codes for infection,
including the 038 family of codes for
septicemia, and end-organ dysfunction
via the Angus method (18-20). Because
septicemia could identify cases of sepsis
or severe sepsis, we did not integrate
septicemia codes into our explicit approach.

Outcomes

Our primary outcome was 30-day all-
cause hospital readmission to any of

the three hospitals within the UPHS.
Readmissions were considered outcomes
and also served as index hospitalizations
(13, 21, 22). Secondary outcomes included
post-acute care use at discharge, 7- and
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90-day readmissions, emergency department
treat-and-release visits within 30 days,
hospital-based acute care use within 30 days
(23), and outcomes after readmission.

Statistical Analyses

First, we compared post-acute care use
at discharge and readmission rates after
sepsis hospitalizations with nonsepsis
hospitalizations. We hypothesized that
variables captured in recently validated
readmission prediction scores (21, 24)
would be concentrated in sepsis survivors.
We also contrasted readmission rates
after sepsis hospitalizations with
hospitalizations associated with the
high-risk conditions of acute myocardial
infarction, congestive heart failure, and
pneumonia, all as identified by the
Centers for Medicare & Medicaid
Services (CMS)-recommended
ICD-9-CM codes (22).

Second, we began with a logistic
regression model that considered the odds
of 30-day hospital readmission for the sepsis
population with the odds for the nonsepsis
population and used robust standard
errors to account for clustering. This
model—the population-averaged
effect—provides an estimate of the odds of
readmission after sepsis from the hospital’s
perspective. Next, we used mixed-effects
multivariable logistic regression models to
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adjust for subject-specific random effects.
In the final models, we additionally
controlled for center and presepsis
characteristics, factors present prior to

the index hospitalization that are known
to be, or potentially to be, associated

with readmission risk (13, 17, 21-25).

We examined the following presepsis
characteristics: age, sex, race, marital status,
insurance status, comorbid conditions
(using the Charlson Comorbidity Index
score (25) and a history of malignancy
specifically), and number of admissions over
the prior year. Last, we forced each of these
variables into the model. Missing data were
negligible for the variables (<1%), save for
race (2.8%). Multicollinearity was assessed
using variance inflation factors. We adjusted
for potential covariates and maintained
those that altered the OR estimate by more
than 10% (26). To complement these
analyses, we examined the 30-day
readmission risk after stratifying by age and
burden of comorbid conditions.

To examine the influence of illness
severity, we contrasted readmission rates
after a nonsepsis hospitalization to the
explicit code(s) for sepsis, severe sepsis,
and the Angus method. To permit
a direct comparison, we recategorized 503
sepsis hospitalizations as severe sepsis
hospitalizations when severe sepsis was
identified using the Angus method.

In addition, we examined the 30-day
readmission risk after stratifying by
admission to an intensive care unit (ICU)
during the index admission and, separately,
by performing mixed-effects multivariable
logistic regression models stratified by length
of stay (LOS), categorized into quartiles based
on the observed distributions.

Third, we compared outcomes
during readmissions after index
sepsis hospitalizations with nonsepsis
hospitalizations. Last, we used mixed-
effects multivariable logistic regression
models (with random intercepts for
patients) to examine risk factors

associated with 30-day readmission

after sepsis hospitalizations. In addition

to variables included in readmission
prediction scores (13, 17, 21-24), we
examined four hospitalization factors:
acute dialysis, acute neurologic dysfunction,
the use of mechanical ventilation, and
presence of shock. We identified these
conditions using validated claims-based
approaches and included them in models
based on the hypothesis that these factors,
which reflect illness severity and have been
related to long-term cognitive and/or
physical impairment after critical illness
(10, 27-29), would be associated with
readmission. In addition to discharge
hemoglobin and sodium values (21), we
examined discharge creatinine and red
cell distribution width (RDW) based on
biologic plausibility and the relationship
between RDW and postdischarge
mortality after critical illness (30, 31).
We included variables associated with
readmission at a significance level of

Table 1. Outcomes after index admission and readmission rates among at-risk survivors, stratified by sepsis category

Mortality and Hospice at Discharge in 117,314 Medical and Surgical Admissions

Nonsepsis
(n=112,152)

In-hospital mortality 1,407 (1.2)
Discharged to hospice 1,787 (1.6)

Sepsis* (n =5,162)

ICD-9-CM-Specific Sepsis
Code Assignment (995.91)

ICD-9-CM-Specific Severe
Sepsis Code Assignments

Severe Sepsis
Combining

(n=2,032) (995.92, 785.52) (n =3,115) End-Organ Dysfunction
and Infection Code
Assignments (n =3,726)
133 (6.6) 1,005 (32.3) 1,095 (29.4)
128 (6.3) 277 (8.9) 340 (9.1)

Post-Acute Care Use at Discharge' and Hospital Readmission' in 112,578 Medical and Surgical Admissions At Risk for Readmission

Nonsepsis
(n=108,958)
Post-acute care use
Home health services 34,208 (31.4)
Acute rehabilitation 4,680 (4.3)
Skilled nursing facility 11,602 (10.6)
Long-term acute care 408 (0.4)

Hospital readmission
7-d readmission
30-d readmission

5,657 (5.2)
16,950 (15.6)

Sepsis (n =3,620)

ICD-9-CM-Specific Sepsis ICD-9-CM-Specific Severe Severe Sepsis Combining

Code Assignment (995.91) Sepsis Code Assignments End-Organ Dysfunction
(n=1,771) (995.92, 785.52) (n = 1,833) and Infection Code
Assignments (n =2,2917)
498 (28.1) 551 (30.1) 672 (29.3)
64 (3.6) 159 (8.7) 196 (8.6)
321 (18.1) 488 (26.6) 586 (25.6)
42 (2.4) 158 (8.6) 186 (8.1)
152 (8.6) 184 (10.0) 228 (10.0)
483 (27.3) 477 (26.0) 600 (26.2)

Definition of abbreviation: ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.

*Sepsis accounted for 4.4% of admissions, yet it accounted for 44.7% of the 2,545 in-hospital deaths (1,138 of 2,545). Sepsis categories presented were
not mutually exclusive. For example, 503 admissions at risk for readmission received the ICD-9-CM-specific code for sepsis and were identified using the
combined end-organ dysfunction and infection approach, and 1,772 admissions at risk for readmission received the ICD-9-CM-specific code for severe
sepsis and were identified using the combined end-organ dysfunction and infection approach.

TPost-acute care use includes home health services and skilled care facility placement (e.g., acute rehabilitation, long-term acute care hospital, skilled

nursing facility).
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P < 0.20 in multivariable models (26).
We adjusted for year of admission,
center, and prior hospitalizations (19,
24). We used Stata/IC 13 software
(StataCorp, College Station, TX) for
statistical analyses and defined
significance as an « less than 0.05.

Results

Enrollment

There were 117,314 medical and surgical
admissions to the UPHS that met the
inclusion criteria (Figure 1). Sepsis was
present during the hospitalization in 5,162
(4.4%) of the 117,314 admissions and in
1,138 (44.7%) of 2,545 admissions that
resulted in in-hospital death. Compared
with nonsepsis hospitalizations, in-hospital
death or a transition to hospice care was
more likely in sepsis hospitalizations and
highest among those with severe sepsis
(Table 1).

After excluding 2,545 (2.2%)
admissions resulting in in-hospital death

and 2,191 (1.9%) transitioned to hospice
care, there were 112,578 discharges among
73,999 unique patients at risk of hospital
readmission. Of these 112,578 discharged

patients, 3,620 (3.2%) were sepsis
survivors.

Baseline Characteristics

In general, patients who had sepsis
during the index admission were older,
more likely to be male, single, and
Medicare beneficiaries and more likely
to have a greater number of comorbid
conditions and a malignancy diagnosis
(Table 2). As hypothesized, factors
previously identified as associated with
readmissions were more common in
sepsis survivors, including nonelective
admission, LOS, number of procedures,
low discharge hemoglobin and sodium,
and hospitalizations in the year prior to
the index admission.

Post-Acute Care Use at Discharge
and Hospital Readmission

after Sepsis

Compared with nonsepsis hospitalizations,
post-acute care use at discharge was more
likely after sepsis, driven by placement

in a skilled care facility (Table 3). Post-
acute care use was highest after severe
sepsis (Table 1). Compared with nonsepsis
hospitalizations, the readmission rate

at 7, 30, and 90 days was significantly
higher after sepsis (P < 0.001, Table 3).
Readmission rates after sepsis rivaled

the rates seen at UPHS following known
CMS high-risk conditions (Figure 2).
The majority of 30-day readmissions
postsepsis occurred within 15 days of
discharge, although the risk was sustained
throughout the postdischarge period
(Figure 3).

Readmission Risk after Sepsis
In the population-averaged effect model,
the odds of readmission for sepsis

Table 2. Comparison of characteristics between sepsis and nonsepsis hospitalizations at risk of readmission

Clinical factors at presentation

Age, yr

Male sex, n (%)
Race, n (%)

White

Black

Asian

Other
Marital status, n (%)

Married

Single/never married

Divorced/separated/widowed
Insurance status, n (%)

Medicare

Medicaid

Private

None

Charlson Comorbidity Index

Any malignancy diagnosis*®
Number of hospitalizations in prior year

0

1-5

>5
Index admission type: nonelective
Length of stay, d
Intensive care unit admission
Number of procedures
Number of medications at discharge
Discharge hemoglobin, g/dl
Discharge red cell distribution width, %

Nonsepsis Hospitalization
(n = 108,958)

58 + 17
55,073 (50.6)

61,530 (
39,521 (37
2,009 (1.
2,931 (2.

80)
-3)

10.9 (9.5-12.4)
14.7 (13.6-16.5)

Sepsis Hospitalization P Value
(n =3,620)

59 +17 0.005
2,000 (55.2) <0.001
1,961 (56.2) 0.02
1,327 (38.1)

85 (2.4)
113 (3.2)
1,645 (45.4)
1,324 (36.6) 0.02
651 (18.0)
1,705 (47.2) <0.001
326 (9.0)
1,568 (43.4)
16 (0.44)

2 (1-5) <0.001
1,198 (33.1) <0.001
1,572 (43.4)

1,852 (51.2) <0.001
196 (5. 4)
3,064 (84.6) <0.001
12.8 (6.1-24.4) <0.001
1,908 (52.7) <0.001
3 (1-7) <0.001
14 (9-20) <0.001
9.5 (8.7-10.5) <0.001
16.5 (14.9-18.5) <0.001

Categorical variables are presented as counts and percentages. Continuous variables are presented as means and standard deviations or median and
interquartile ranges, as determined by their distribution.
*According to International Classification of Diseases, Ninth Revision, Clinical Modification, malignancy codes per Deyo-Charlson (25).

Jones, Fuchs, Small, et al.: Sepsis and Hospital Readmissions
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Table 3. Comparison of post-acute care use at discharge and hospital-based acute care use within 30 days of hospitalization,
according to sepsis status during index admission

Outcomes, n (%) Nonsepsis Hospitalization Sepsis Hospitalization
(n = 108,958) (n =3,620)

Post-acute care use at discharge*

Home with home services 34,208 (31.4) 1,048 (28.9)

Acute rehabilitation 4,680 (4.3) 228 (6.3)

Skilled nursing facility 11,602 (10.6) 812 (22.4)

Long-term acute care hospital 408 (0.4) 199 (5.5)
Hospital readmissions

7-d readmission’ 5,657 (5.2) 336 (9.3)

30-d readmission’ 16,950 (15.6) 959 (26.5)

90-d readmission® 27,968 (25.7) 1,533 (42.4)
ED visits (treat and release)

30-d ED visit™s 4,967 (4.6) 139 (3.8)
Hospital-based acute care postdischarge

30-d ED visit or readmission* 21,917 (20.1) 1,098 (30.3)

Post-acute care use within 30 d'l 62,406 (57.3) 2,689 (74.3)

Definition of abbreviation: ED = emergency department.

Categorical variables are reported as count and percentage.

*Post-acute care use at discharge includes home health services and skilled care facility placement.

TP < 0.001 for each comparison.

*P=0.04.

SOf 15,414 ED encounters within 30 days of a nonsepsis index admission, 10,447 (67.8%) resulted in readmission; of 720 ED encounters within
30 days of a sepsis index admission, 581 (80.7%) resulted in readmission.

IPost-acute care use within 30 days includes post-acute care use at discharge and hospital-based acute care postdischarge.

hospitalizations were 1.96 times greater remained 1.70 times greater. After greater. Finally, after forcing each
(95% CI 1.81-2.12) than nonsepsis additionally controlling for presepsis presepsis characteristic and center into
hospitalizations (Table 4). After characteristics and center-level effects, the model, the odds of readmission
adjusting for subject-specific random the odds of readmission were further remained 1.36 times greater.

effects, the odds of readmission attenuated but remained 1.51 times We found that the increased

readmission rate at 7 and 30 days
compared with nonsepsis hospitalizations

30 was largely similar, regardless of

[ 7-Day Hospital Readmission whether the hospitalization was coded

B 30-Day Hospital Readmission as sepsis or severe sepsis (Table 1). After
25 recategorizing 503 sepsis cases as severe

sepsis when identified as such by the
Angus method, the 7- and 30-day
20 readmission rates after sepsis were similar
at 8.0% (101 of 1,268) and 27.0% (342 of
1,268), respectively. Readmissions after
severe sepsis occurred earlier (median
11 days after discharge, IQR: 5-18;
compared with 13 days after sepsis, IQR:
10 6-21; P=0.004). In addition, compared
with nonsepsis hospitalizations, the
increased 30-day readmission risk after
sepsis appeared to be present regardless
of age, comorbid conditions, or ICU
admission status (see Figures E1-E3 in
the online supplement). Last, in mixed-
Cohort Al Heart fai o ] Sonsi effects multivariable models stratified by
(N=1(1)2(,)578) (N=2,597) (5219?7';3")6 (Rlii%?g)a (Ng?zl';m LOS,'the 0('ids.of readmission, in general,
remained significantly greater (LOS
Figure 2. Hospital readmission rates for overall cohort, acute myocardial infarction (AMI), heart <6 d (n=280,130): OR, 1.89; 95% CI,
failure, pneumonia, and sepsis. 1.54-2.31; P <0.001; LOS 6 to

Percent
o

0 T T T T

908 AnnalsATS Volume 12 Number 6| June 2015



ORIGINAL RESEARCH

| Percent of readmissions within 15 days, 57.2%

f——————— Percent of readmissions within 7 days, 31.8%
———- Percent of readmissions within 3 days, 11.8%
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Figure 3. Timing of 30-day hospital readmission after a sepsis hospitalization.

<12 d (n=21,630): OR, 1.52; 95% CI,
1.26-1.84; P <0.001; LOS 12 to

<18 d (n=5,682): OR, 1.24; 95% CI,
0.96-1.59; P=0.09; LOS =18 d
(n=5,136): OR, 1.36; 95% CI,
1.16-1.60; P < 0.001).

Outcomes Associated

with Readmissions

In comparison with readmissions
after nonsepsis hospitalizations,
readmissions after sepsis hospitalizations
were more likely to require an ICU
admission (16.6% (2,812 of 16,950) vs.
28.9% (277 of 959); P < 0.001), less
likely to result in being discharged to
home, and more likely to result in
death or transition to hospice care
(Table 5).

Risk Factors Associated with 30-Day
Readmission after Sepsis

Clinical risk factors associated with 30-
day hospital readmissions are presented in
Table 6. Independent risk factors associated
with 30-day readmissions after sepsis
hospitalizations included age, malignancy
diagnosis, hospitalizations in the year
prior to the index hospitalization,
nonelective index admission type, one

or more procedures during the index
hospitalization, and low hemoglobin and
high RDW at discharge (Table 7).

Discussion

In this multicenter observational study of
medical and surgical admissions, we detailed

Table 4. Sepsis as an independent risk factor for 30-day hospital readmission

Model OR (95% CI) P Value
Sepsis, population-averaged effect 1.96 (1.81-2.12) <0.001
Sepsis, subject-specific effect 1.70 (1.55-1.87) <0.001
Sepsis, subject-specific effect, adjusted for 1.51 (1.38-1.66) <0.001

presepsis characteristics and center”

Sepsis, subject-specific effect, after forcing each 1.36 (1.24-1.48) <0.001

presepsis characteristic and center into the
model

*Mixed-effects multivariable models adjusted for comorbidity of malignancy. The OR (odds ratio) was
not significantly altered (<10%) by adjustment for number of hospitalizations in the prior year after
accounting for subject-specific random effects, nor did age, sex, race, marital status, insurance
status, Charlson Comorbidity Index, or center alter the OR significantly. Cl = confidence interval.

Jones, Fuchs, Small, et al.: Sepsis and Hospital Readmissions

the central role that sepsis plays across
the continuum of care within an academic
health care system. Consistent with

a recent report by Liu and colleagues
reflecting the U.S. national landscape
(32), we found that sepsis contributed to
45% of in-hospital deaths. We found that,
at discharge, post-acute care use was
more common after sepsis and highest
after severe sepsis. After discharge, sepsis
survivors were significantly more likely
than nonsurvivors to be rehospitalized;
the 30-day readmission rates observed
after sepsis rivaled rates associated with
known CMS high-risk conditions (22);
and the risk appeared to endure for

an extended period of time. Finally,
readmissions within 1 month of a sepsis
hospitalization were more than twice as
likely to result in death or a transition
to hospice care.

We confirmed that postdischarge
readmission risk is high after sepsis, in
line with rates reported in recent studies
focused on severe sepsis and septic shock
(16, 17). In the single study in which
researchers compared health care
utilization after severe sepsis with subjects’
own health care use presepsis and with
matched nonsepsis controls, Prescott and
coworkers found a substantial increase
in resource utilization, including a 30-day
hospital readmission rate of 26.5% (16).
However, it remained uncertain whether
the increased risk was limited to the
elderly or to the most severe cases.
Contrary to our hypothesis, we
found that readmission risk was
largely independent of illness severity.
Specifically, we found 30-day readmission
rates were 27.0-27.3% after sepsis and
26.0-26.2% after severe sepsis, and they
appeared to be independent of ICU
admission status. Furthermore, several
traditional measures of illness severity
(e.g., use of mechanical ventilation, ICU
admission) were not associated with
30-day readmission after sepsis. In light
of evidence revealing that readmissions
are frequently due to an infection (17),
whereas functional outcomes may differ
by illness severity, we found that short-
term readmission risk appeared to be
largely independent of illness severity
and more related to whether a recent
infection occurred.

We additionally found that the
increased readmission risk after sepsis was
not confined to the elderly or to those with
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Table 5. Discharge disposition following hospital readmission, by sepsis status at

index admission

Discharge disposition, n (%)**

Home

Home health services
Skilled care facility*
Other*

Hospice

Died

Nonsepsis, Sepsis,
(n=16,761) (n=948)
7,023 (41.9) 303 (32.0)
5,769 (34.4) 269 (28.4)
2,698 (16.1) 241 (25.4)
251 (1.5) 9 (1.0)
584 (3.5) 63 (6.6)
436 (2.6) 63 (6.6)

*P < 0.001 for comparison across groups.

Disposition was missing in 200 readmissions (1.1%).

*Skilled care facility includes home with home health services, acute rehabilitation, skilled
nursing facility, and long-term acute care hospital. Other includes patients who left against
medical advice and those discharged to an acute care hospital or other facility (e.g.,

psychiatric facility).

the greatest burden of comorbid
conditions. Rather, the relative risk
appeared to be greatest in the youngest
patients and those who were previously
healthy, findings that are explained in
part by higher readmission rates among
those with a greater burden of comorbid
disease after a nonsepsis hospitalization.
Nevertheless, we found that controlling
for a history of malignancy and presepsis
health care use attenuated the relationship
between sepsis and readmission, as we also
found when we stratified our analyses

by LOS. These findings complement
recent cohort studies that revealed

these to be risk factors associated with
increased health care utilization after
sepsis (15-17).

In our risk factor assessment, we
confirmed that a malignancy diagnosis
and prior hospitalizations were associated
with 30-day hospital readmission (15, 17).
In addition, we found that younger age,
nonelective admission status, receipt of
one or more procedures during the
index sepsis hospitalization, and low
hemoglobin and high RDW at discharge
were additional factors independently
associated with readmission. RDW,

a measure of erythrocyte size variability,
is traditionally associated with anemia,
hemolysis, and nutritional deficiencies.
However, RDW has also recently been
posited to be associated with residual
inflammation, physiologic reserve, and
functional dependence after critical
illness and in the elderly (30, 31, 33).
As serum lactate is used as a simple and
reliable biomarker to risk-stratify patients
in the proximal phase of sepsis, it is
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plausible that RDW, for reasons that
require further exploration, could
serve that role at the time of hospital
discharge.

Readmission reduction has emerged
as a strategy for controlling health care
costs and improving quality for high-risk
conditions. Our findings support the
recommendation that sepsis is an additional
condition that warrants attention at the
national level in the United States (34),
based on the high frequency with which
readmissions occur after sepsis and the
associated morbidity and mortality.

This consideration would be timely,

given temporal trends in diagnostic coding
(i.e., increased documentation of sepsis as
the principal diagnosis for a hospitalization
paired with decreased documentation

of pneumonia) (35), due in part to
incentives related to public reporting of
30-day risk-standardized mortality for
pneumonia (36).

For now, several important questions
remain unanswered across the continuum
of care that warrant further investigation.
First, the evidence in support of sepsis-
induced immunosuppression is growing
(37), and readmissions after sepsis are
frequently due to an infection (38, 39).

In a study of septic shock survivors that
focused on the cause of readmission,
Ortego and colleagues found that 46% of
30-day readmissions were infection-related,
including new, unresolved, and recurrent
infections (17). Investigation is required
to determine whether sepsis itself and/or
the care provisions required to treat the
acute illness (e.g., catheter-associated
infections, transfusions [40]) confer

increased readmission risk that may be
preventable (41).

Second, just as resources are
being directed to improve care
transitions for CMS high-risk conditions,
multidisciplinary programs to reduce
30-day readmissions after sepsis,
with a focus on coordination of care
between hospital-based providers
and postdischarge providers, will be
required (42). Given the likelihood of
a new, unresolved, or recurrent infectious
process (17), a central aspect of care
coordination and discharge planning
is antibiotic stewardship (43, 44).
The effectiveness of this strategy
could potentially be augmented with
scheduled clinical assessments in
person or via home telemonitoring
(45). In parallel, comparative
effectiveness studies will be necessary
to determine whether specialized sepsis
care follow-up clinics are more cost-
effective than a strategy that leverages
a patient’s preexisting network of
providers.

Third, related to the aim to
improve care transitions, effective
strategies will need to recognize that
post-acute care facility placement is
increasingly being used (46), that it
appears to be extremely common after
sepsis, and that rehabilitation after
sepsis has the potential to improve
long-term mortality (47). Whereas
post-acute care facility placement was
common, only 6% of patients hospitalized
for sepsis were discharged to acute
rehabilitation, a modestly higher rate
than the 4% of nonsepsis hospitalizations.
For sepsis survivors discharged with
home services, the issue of whether
early and intensive home health
nursing services and physician follow-
up improve outcomes after sepsis,
strategies that appear to improve
outcomes in other patient populations
(48, 49), should be studied. For survivors
discharged to home without services,
the question of whether referral practices,
which frequently fail to identify those
at risk for poor outcomes postdischarge
(50), could be optimized with decision
support strategies to improve access and
outcomes remains unanswered (51).
Related to this question is whether timely
access to palliative care services could be
optimized for targeted subgroups, given
the frequency of hospice use among
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Table 6. Clinical risk factors associated with 30-day hospital readmission after sepsis hospitalization

Clinical factors at presentation
Age, yr
Male sex, n (%)
Race, n (%)
White
Black
Asian
Other
Marital status, n (%)
Married
Single/never married
Divorced/separated/widowed
Insurance status, n (%)
Medicare
Medicaid
Private
None
Charlson Comorbidity Index
Any malignancy diagnosis*
Number of hospitalizations in prior year'
0
1-5
>5
Index admission type: nonelective
Clinical factors during hospitalization
Length of stay, d
Use of mechanical ventilation
Acute dialysis
Acute neurologic dysfunction
Shock
Intensive care unit admission
Procedures (=1)T
Clinical factors at discharge
Number of medications at discharge
Discharge hemoglobin, g/dl
Low discharge hemoglobin, <9.5 g/dI™
Discharge sodium, mEg/L
Low discharge sodium, <135 mEq/L T
Discharge creatinine, mEqg/L
Discharge RDW, mEg/L*
RDW <15.0%
RDW 15.0-18.4% (25th—75th percentile)
RDW =18.5%

No Readmission (n =2,661) Readmissions (n =959) P Value
60+ 16 58 =16 0.004

1,471 (55.3) 529 (55.2) 0.95

1,415 (55.4) 546 (58.7) 0.23
988 (38.6) 339 (36.4)

68 (2.7) 17 (1.8)
85 (3.3) 28 (3.0)

1,205 (45.3) 440 (45.9)

971 (36.5) 353 (36.8) 0.82
485 (18.2) 166 (17.3)

1,295 (48.7) 410 (42.9) 0.005
240 (9.0) 86 (9.0)

1,110 (41.8) 458 (47.9)

14 (0.8) 2(0.2)
2 (1-5) 3 (2-5) 0.004
797 (30.0) 401 (41.8) <0.001

1,256 (47.2) 316 (32.9)

1,302 (48.9) 550 (57.4) <0.001
103 (3.9) 93 (9.7)

2,231 (83.8) 833 (86.9) 0.02
12.2 (6.0-23.2) 13.9 (6.6-27.6) <0.001
636 (23.9) 206 (21.5) 0.13
253 (9.5) 94 (9.8) 0.79
287 (10.8) 96 (10.0) 0.50
751 (28.2) 252 (26.3) 0.25

1,405 (52.8) 503 (52.4) 0.86

2,194 (82.4) 856 (89.3) <0.001

14 (8-20) 15 (10-22) <0.001
9.6 (8.8-10.6) 9.2 (8.5-10.1) <0.001

1,270 (48.0) 574 (59.9) <0.001
138 (136-140) 138 (136-140) 0.81
371 (14.0) 120 (12.5) 0.25
0.88 (0.66-1.30) 0.86 (0.64-1.31) 0.33
16.4 (14.8-18.4) 16.7 (15.3-19.0) 0.002
713 (27.0) 191 (19.9)

1,277 (48.3) 493 (51.5) <0.001
654 (24.7) 274 (28.6)

Definition of abbreviation: RDW = red cell distribution width.
Categorical variables are presented as counts and percentages. Continuous variables are presented as means and standard deviations or median and
interquartile ranges, as determined by their distribution.
*According to International Classification of Diseases, Ninth Revision, Clinical Modification, malignancy codes per Deyo-Charlson (25).
TCategorized as described by and Donzé and colleagues (24).

*Categorized based on observed distribution.

survivors, is an additional direction worth
pursuing.

There are several potential limitations
of this study. First, although we used
validated, complementary screening
strategies to identify sepsis cases, the
potential for misclassification bias exists.
Second, without data linked to the U.S.
National Death Index, we designed the
study to focus on 30-day readmissions.
To examine the trajectory and outcomes

of sepsis survivors admitted to certain
facilities (e.g., skilled care facilities),
prospective, longitudinal studies are
warranted. Third, we were unable to
capture readmissions that remained
outside the health care system; as

a result, the reported readmission rates
are likely an underestimate. Relatedly,
because it is unclear whether the
uncaptured readmissions differed by
sepsis status, this question warrants direct

Jones, Fuchs, Small, et al.: Sepsis and Hospital Readmissions

examination. Further, without
prehospitalization trajectory data and other
unmeasured confounders (e.g., functional
status, preexisting depression (52)), the
potential for residual confounding exists.
However, given evidence that incorporated
prehospitalization trajectory (16),

our findings support the notion that
increased post-acute care resource use

is due, in part, to a sepsis-related change.
Also, although we examined the
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Table 7. Risk factors independently associated with 30-day hospital readmission after

sepsis hospitalizations

methods is warranted (53). Finally,
centers that care for patients with

Model, n=3,620

Age,

per 10-yr decrease

Malignancy diagnosis®

Shock

Use of mechanical ventilation

Acute dialysis

Acute neurologic dysfunction

Number of hospitalizations in prior year

0

1-5
>5
Index admission type: nonelective
Length of stay =13 d
Procedures (=1)
Low discharge hemoglobin, <9.5 g/dI
Red cell distribution width at discharge
<15.0%
15.0-18.4%
=18.5%

Adjusted OR (95% CI)*

0.94 (0.89-0.99)
1.79 (1.47-2.19)
0.88 (0.72-1.08)
0.89 (0.70- .12)
0.94
0.94

(0.71-1.26)
(0.71-1.25)

Referent
1.56 (1.30-1.86)
2.97 (2.09-4.22)
1.92 (1.47-2.51)
1.16 (0.95-1.41)
1.64 (1.24-2.16)
1.48 (1.24-1.75)

Referent
1.34 (1.07-1.66)
1.30 (1.01-1.67)

fewer predisposing conditions (e.g.,

PValue malignancy) will likely observe lower
readmission rates.

0.02 In conclusion, post-acute care
<0.001 use, including hospital readmissions,

0.24  appeared to be common after sepsis

8?3 within an academic health care system.

0.68 The increased readmission risk

remained high after controlling for
Referent  presepsis factors and was associated
<0.001  ith significant morbidity and
<0.001 . L .

mortality. Strategies incorporating
<0.001 . .

0.15 hospital-based and postdischarge
<0.001 interventions appear to be necessary to
<0.001  combat the increased readmission risk
Referent after sepsis. W

0.009 . . .

0.04 Author disclosures are available with the text

of this article at www.atsjournals.org.

Definition of abbreviations: Cl = confidence interval; OR = odds ratio.
*Models adjusted for year of admission and center.

TCharlson Comorbidity Index score was not included in the models, as a malignancy diagnosis is
a component of the score. When forced into the model, malignancy remained significant, whereas the

Charlson Comorbidity Index score was found to be nonsignificant.

relationship between sepsis and hospital
readmission after controlling for
presepsis characteristics and, separately,

in analyses stratified by LOS, we
acknowledge that further formal
examination including robust matching

Acknowledgment: This study was presented
in part at the American Thoracic Society
International Conference, May 2014, San Diego,
CA. A different 30-day readmission rate
calculation, limited to index admissions at one of
the three UPHS hospitals in the latter half of 2010,
was used for the reference rate in a prior study
in which a separate cohort of septic shock
survivors was examined (17).
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