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Abstract

Rationale: Hospitalizations for severe sepsis are common, and
a growing number of patients survive to hospital discharge.
Nonetheless, little is known about survivors’ post-discharge
healthcare use.

Objectives: To measure inpatient healthcare use of severe sepsis
survivors compared with patients’ own presepsis resource use and
the resource use of survivors of otherwise similar nonsepsis
hospitalizations.

Methods:This is an observational cohort study of survivors of severe
sepsis and nonsepsis hospitalizations identified from participants
in the Health and Retirement Study with linked Medicare claims,
1998–2005.Wematched severe sepsis and nonsepsis hospitalizations
by demographics, comorbidity burden, premorbid disability,
hospitalization length, and intensive care use.

Measurements and Main Results: Using Medicare claims, we
measured patients’ use of inpatient facilities (hospitals, long-term
acute care hospitals, and skilled nursing facilities) in the 2 years

surrounding hospitalization. Severe sepsis survivors spent more
days (median, 16 [interquartile range, 3–45] vs. 7 [0–29]; P, 0.001)
and a higher proportion of days alive (median, 9.6% [interquartile
range, 1.4–33.8%] vs. 1.9% [0.0–7.9%]; P, 0.001) admitted to
facilities in the year after hospitalization, compared with the year
prior. The increase in facility-days was similar for nonsepsis
hospitalizations. However, the severe sepsis cohort experienced
greater post-discharge mortality (44.2% [95% confidence interval,
41.3–47.2%] vs. 31.4% [95% confidence interval, 28.6–34.2%] at
1 year), a steeper decline in days spent at home (difference-in-
differences,238.6 d [95% confidence interval,250.9 to 26.3]; P,
0.001), and a greater increase in the proportion of days alive spent in
a facility (difference-in-differences, 5.4% [95% confidence interval,
2.8–8.1%]; P, 0.001).

Conclusions: Healthcare use is markedly elevated after severe
sepsis, and post-discharge management may be an opportunity to
reduce resource use.
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readmission; skilled nursing facility; healthcare facilities

Each year, hundreds of thousands of
patients in the United States are hospitalized
with severe sepsis (1, 2), and a growing
number survive to hospital discharge (2–4).
Severe sepsis survivors experience increased
mortality (5, 6), cognitive and functional
decline (7–9), and decreased quality of
life (10, 11) that persist for years after
their acute illness. The growing population

of severe sepsis survivors has been
deemed a “hidden public health disaster”
(12). Yet, despite rising attention to
the long-term consequences of severe
sepsis (9, 12), and hospitalization more
generally (13–16), newly updated
sepsis treatment guidelines have
literally no mention of post-discharge
care (17).

The Agency for Healthcare Research
and Utilization recently reported that the
United States spends more money on
hospitalizations for sepsis than for any other
cause (18), yet the full impact of severe
sepsis survivorship on the US healthcare
system is unknown. A recent study of
survivors of a less common acute illness
(those requiring prolonged mechanical
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ventilation) revealed significant post-
discharge care needs (19). Such granular
information on the clinical course of severe
sepsis survivors is not currently available,
despite the larger population and budgetary
impact of severe sepsis survivors.

With the growing prominence of
readmissions as a subject of attention and
potential financial penalties (13, 20), and
concern that the burden of illness is shifting
to the post–acute care setting (9, 21–23),
it has become increasingly important to
understand the post-discharge needs of
severe sepsis survivors as a health system,
beyond the compelling patient-centered
reasons. Therefore, we analyzed Medicare
claims from a nationally representative
cohort of older Americans to quantify the
inpatient healthcare use of severe sepsis
survivors.

We compared the healthcare use of
severe sepsis survivors with their own
presepsis resource use to examine the extent
to which changes are associated with severe
sepsis, rather than simply patients’
propensity to use care (24). By letting
patients serve as their own control subjects,
we distinguish use associated with severe
sepsis from that of patients’ baseline health

status, demographic characteristics, and
socioeconomic factors that influence
healthcare consumption. We also examined
the resource use of survivors of matched
nonsepsis hospitalizations to understand
whether the impact of severe sepsis on
subsequent use is different from that
of patients with otherwise similar
hospitalizations for different reasons. We
have previously reported some of these
results in an abstract (25).

Methods

Study Population
The Health and Retirement Study (HRS)
is an ongoing, nationally representative,
prospective cohort study of older
Americans (26). Started in 1992, the HRS
has enrolled nearly 30,000 participants,
of whom 16,772 have agreed to link their
data with Medicare (26). The cohort is
reinterviewed every 2 years, with a follow-
up rate consistently over 90% (26).

Patients provided informed consent
on enrollment in the HRS and again for
linkage to Medicare. We screened all
respondents with a baseline cognitive and
physical function assessment (1998–2004)
for whom there were claims-based data on
a subsequent hospitalization (1998–2005).
A similar cohort was identified previously
for inclusion in a study of cognitive
and functional disability among severe
sepsis survivors (7). The University of
Michigan institutional review board
approved this research.

Identification of Severe Sepsis and
Nonsepsis Hospitalizations
We used a commonly employed and
externally validated claims-based definition
of severe sepsis that requires documentation
of infection and acute organ dysfunction
during a single hospitalization (1, 27). This
definition has a specificity of 96.3% and
positive predictive value of 70.7% (27).
For patients with more than one severe
sepsis hospitalization, each hospitalization
was included. We also identified all
hospitalizations without severe sepsis
within HRS-Medicare (1998–2005).
We excluded all hospitalizations with
inpatient mortality.

Data Abstraction
We abstracted characteristics of the index
hospitalizations from Medicare Provider

Analysis and Review (MedPAR) files,
including acute organ dysfunctions, critical
care use, and mechanical ventilation use
(for further details on abstraction of
hospitalization characteristics see online
supplement). We abstracted baseline
deficiencies of activities of daily living
(ADLs) and instrumental ADLs from the
biennial HRS survey immediately preceding
index hospitalization (median, 1.1 yr prior).
We determined patients’ baseline Charlson
Comorbidity Index (28) score using a 1-
year look-back in Medicare claims. We
determined enrollment in hospice from the
Hospice Standard Analytical File.

Matching of Severe Sepsis and
Nonsepsis Hospitalizations
We used a coarsened exact matching
approach, because this matching method
often achieves the best possible covariate
balance while retaining sample size (29).
We matched severe sepsis and nonsepsis
hospitalizations one-to-one, without
replacement, on age, sex, Charlson
Comorbidity Index score (28), premorbid
limitations of the six ADLs and five
instrumental ADLs, length of
hospitalization, and intensive care use.
For the dichotomous variables, sex and
intensive care use, we matched exactly. For
Charlson Comorbidity Index score, we
matched on whether patients had 0, 1,
or 21 comorbidities. For premorbid
limitations, we matched on whether
patients had 0, 1, or 21 total deficiencies
of ADLs and instrumental ADLs. For
length of hospitalization, we matched on
lengths of 1, 2, 3, 4, 5, 6, 7, and 8 to
30, 31 to 60, or 611 days. For age, we
used the default automatic binning
algorithm in the user-written “cem”
command for Stata (StataCorp, College
Station, TX) (30).

Outcomes
Our outcome of interest was use of three
types of inpatient healthcare facilities: (1)
short-term acute care hospitals (hospitals),
(2) long-term acute care hospitals (LTACs)
(31), and (3) skilled nursing facilities
(SNFs) (32) (definitions provided in Table
E1 in online supplement). To measure use,
we determined the daily location of each
patient for the 365 days preceding index
hospitalization and the 365 days after
index hospital discharge (or until death)
using MedPAR files. Date of death was
determined from National Death Index,

At a Glance Commentary

Scientific Knowledge on the
Subject: The existing literature on
healthcare resource use after severe
sepsis has focused on documenting the
healthcare spending, and other indirect
costs, incurred by patients surviving
a severe sepsis hospitalization.

What This Study Adds to the
Field: Our study adds to the literature
in several important ways. First, we
provide relevant comparisons with
patients’ own baseline resource use, and
with the resource use of matched
survivors of nonsepsis hospitalizations
so that the resource use of severe sepsis
survivors can be understood within the
appropriate context. Second, rather
than measuring use as Medicare
spending or other abstract measures of
cost, we measure the daily use of
inpatient healthcare facilities in the
2 years surrounding hospitalization. We
believe this outcome is of high interest
to both patients and payers.
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and confirmed in Medicare denominator
files and/or HRS exit interviews.

After determining the daily location of
each patient in the 2 years surrounding
index hospitalization, we measured the
number of days spent at home, in each of the
three types of inpatient facilities, and dead.
We also determined the number of hospital
readmissions and transitions of care
locations. We did not include the index
hospitalization or transition at index
discharge in our use counts.

We considered days at home, days in
inpatient facilities, and days dead to be
mutually exclusive categories, according to
the hierarchy: dead, hospital, LTAC, SNF,
home, such that each patient’s total days
of use could not exceed their days of
observation. In contrast, readmission and
transition of care counts measured all use.
For example, if a patient was admitted from
a SNF to a hospital and died the same day,
this day would be coded as “dead” (not in
a hospital or SNF), but would count as both
a readmission and a transition of care.

We assumed that patients were at home
for any day they were known to be alive and
not admitted to an inpatient facility based
on MedPAR records. Because Medicare
does not pay for long-term custodial care
provided by nursing facilities, patients
residing in a nursing home on a permanent
basis cannot be identified on a daily basis
through MedPAR records (33, 34). Thus,
although our results accurately measure
healthcare use through Medicare, they
likely underestimate total service use.

Statistical Analysis
We present patient characteristics as
numbers (percentages), means (SDs), or
medians (interquartile ranges [IQR]) as
appropriate. We report mortality as means
(95% confidence interval [CI]), use
outcomes as medians (IQR), and rates per
person-year. To compare use between and
within cohorts, we used nonparametric tests
to account for the skewed distribution of
the outcomes (see online supplement). To
compare changes in use between the severe
sepsis and nonsepsis cohorts, we performed
difference-in-differences analyses (35).

We conducted all analyses with Stata
software version 13 (StataCorp). We used
hospitalization as the unit of analysis, unless
otherwise specified. We used two-sided
significance testing and considered a P value
less than 0.05 to be significant.

Additional Analyses
We performed a subgroup analysis of the
patients who used intensive care during
their hospitalization. Also, because of
potential temporal changes in in-hospital
mortality, SNF use, and LTAC use, we
performed a sensitivity analysis in which
we matched severe sepsis and nonsepsis
hospitalizations by year of hospital
admission, in addition to the six other
matching variables.

Results

Severe Sepsis and
Nonsepsis Cohorts
We identified 1,162 severe sepsis and
23,803 nonsepsis hospitalizations without
inpatient mortality (Figure 1). After
matching hospitalizations one-to-one on
age, sex, premorbid functional limitations,
Charlson Comorbidity Index, length
of hospitalization, and use of intensive
care, we included 1,083 severe sepsis
hospitalizations (93.2% of those identified)
and 1,083 nonsepsis hospitalizations in
the analysis.

In general, the cohorts were older
(mean age, 78.6 6 8.6 yr), predominantly
female (53.5%), with a moderate
comorbidity burden (mean Charlson
Comorbidity Index score, 2.1 6 1.7), and
mild to moderate baseline functional
limitations (median total limitations of
baseline ADL and instrumental ADLs, 1;
IQR, 0–5) (Table 1). Median hospital length
of stay was 8 days (IQR, 5–13 d) and 420

patients (38.8%) in each cohort used
intensive care during their hospitalization.
As expected, the severe sepsis and
nonsepsis cohorts did not differ by any
of the six matched characteristics.

The sepsis cohort experienced a
mean of 1.1 6 0.4 acute organ dysfunctions.
Of the 1,083 severe sepsis hospitalizations,
452 (41.7%) had renal dysfunction, 252
(23.3%) had cardiovascular dysfunction, 211
(19.5%) had hematologic dysfunction, 210
(19.4%) had respiratory dysfunction, 104 (9.6%)
had neurologic dysfunction, and 7 (0.7%)
had hepatic dysfunction.

The 77 (6.6%) unmatched severe sepsis
hospitalizations were younger, had longer
hospitalizations, and were more likely to
use intensive care than the severe sepsis
hospitalizations included in the analysis
(see Table E2). Compared with the matched
hospitalization, the unmatched severe
sepsis hospitalizations had similar
presepsis use, but greater post-sepsis
use and greater mortality.

Mortality, Place of Death, and
Hospice Use
The severe sepsis cohort experienced 27.5%
90-day mortality (95% CI, 24.8–30.2%)
and 44.2% 1-year mortality (95% CI,
41.3–47.2%), markedly higher than the
nonsepsis cohort who experienced 15.5%
90-day (95% CI, 13.4–17.7%) and 31.4%
1-year mortality (95% CI, 28.6–34.2%)
(P , 0.01 for each time-point).

Of the 479 severe sepsis patients who
died in the year after hospitalization, 231
(48.2%) died at home, 162 (33.8%) died in

Figure 1. Identification and matching of severe sepsis and nonsepsis cohorts. We measured
premorbid disability as the number of limitations in activities and instrumental activities of daily living.
HRS = Health and Retirement Study.
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a hospital, and 86 (18.0%) died in a SNF or
LTAC. One hundred sixty-two (33.8%)
enrolled in hospice before their death. For
nonsepsis patients who died in the year
after hospitalization, death location and
proportion enrolled in hospice were similar
to the severe sepsis cohort (P . 0.05 for
each).

Healthcare Use in the Year after
Severe Sepsis
The 1,083 severe sepsis survivors required
substantial healthcare resources in the year
after hospitalization (see Table E3). On
average, they spent a median 16 days (IQR,
2–45) or 9.6% (IQR, 1.4–33.8%) of their
days alive in the year after discharge
admitted to an inpatient healthcare facility.
Mean use is presented in Table E4.

Two hundred eighty-seven (26.5%)
were readmitted within 30 days of hospital
discharge, 444 (41.0%) were readmitted
within 90 days, and 682 (63.0%) were
readmitted at some point in the first year.
Three hundred sixty-one (33.3%) were
readmitted more than once during the year.
Only 222 (20.5%) of the severe sepsis
survivors remained alive for 1 year after
discharge without being readmitted to
a hospital.

Visual inspection of patients’ daily
use in the year after severe sepsis
hospitalization suggests that much of the
increased healthcare use occurs in the first
90 days (Figure 2B). Indeed, severe sepsis
survivors spent a median 9 (IQR, 0–28)
days admitted to a healthcare facility in the
first 90 days after hospital discharge,
compared with a median 0 days (IQR,
0–13) in days 91–365 (P , 0.001). Severe
sepsis survivors were hospitalized at a rate
of 2.94 hospitalization per patient-year in
the first 90 days, compared with 1.54
hospitalization per patient-year in the
91–365 days after hospital discharge.

We present use counts and rates for
specific components of care in Tables
E3–E5.

Healthcare Use before and after
Severe Sepsis
The healthcare use of the severe sepsis
survivors surpassed their own baseline
presepsis healthcare use. Patients spent
more days (median, 16 [IQR, 3–45] vs.
7 [0–29]; P , 0.001) and a markedly higher
proportion of their days alive (median,
9.6% [IQR, 1.4–33.8%] vs. 1.9% [0.0–7.9%];
P , 0.001) admitted to an inpatient
healthcare facility in the year after

compared with the year before severe sepsis
hospitalization. The rate of hospitalization
increased from 1.44 hospitalizations per
patient-year before severe sepsis to 1.95
hospitalizations per patient-year after
severe sepsis. The rate of inpatient
healthcare use increased from 24.2 days per
patient-year presevere sepsis to 47.9 days
per patient-year post-severe sepsis.

Changes in Healthcare Use after
Severe Sepsis versus Nonsepsis
Hospitalizations: A Difference-in-
Differences Analysis
The change in facility-days was similar in
the severe sepsis and nonsepsis cohorts
(Figure 3, Table 2). However, as a result
of the increased post-discharge mortality
experienced by the severe sepsis cohort,
severe sepsis survivors had a steeper decline
in the number of days spent at home
(difference-in-differences, 238.6 d [95%
CI,250.9 to 26.3]; P, 0.001) and a steeper
rise in the proportion of days alive spent
admitted to an inpatient healthcare facility
(difference-in-differences, 5.4% [95% CI,
2.8–8.1%]; P , 0.001).

Subgroup Analysis: Hospitalizations
with Intensive Care Use
The 420 (38.8%) severe sepsis
hospitalizations that used intensive care had
increases in use of a similar magnitude to the
whole cohort (see Table E6). The difference-
in-differences analysis for the 420 matched
severe sepsis and nonsepsis hospitalizations
was similar to the difference-in-differences
analysis for the full cohorts (Table 2).

Sensitivity Analysis: Matching on Year
We were able to match 795 (68.4%) of the
severe sepsis hospitalizations to nonsepsis
hospitalizations by year of admission, in
addition to the six other matching variables.
The results of pre versus post and
difference-in-differences analyses for the
year-matched cohorts were not substantially
different from the primary analysis (Table 2;
see Table E7).

Discussion

Using a nationally representative cohort
of older adults, we have shown that the
inpatient healthcare facility use of severe
sepsis survivors is markedly elevated
compared with patients’ own presepsis
healthcare use. In the year after a severe

Table 1. Demographic Information and Hospitalization Characteristics for Matched
Survivors of Severe Sepsis and Nonsepsis Hospitalizations

Demographic or Hospitalization
Characteristic

Severe Sepsis
Cohort

(n = 1,083)

Nonsepsis
Cohort

(n = 1,083) P Value

Matched characteristics
Age, mean (SD) 78.5 (8.6) 78.6 (8.6) 0.91
Male, n (%) 503 (46.5) 503 (46.5) 1.00
Charlson score, mean (SD) 2.1 (1.7) 2.2 (1.8) 0.93
Premorbid physical disability,

median (IQR)
Basic ADL limitations 1 (0–3) 1 (0–3) 0.53
Instrumental ADL limitations 0 (0–2) 0 (0–2) 0.08
Total ADL limitations 1 (0–5) 1 (0–5) 0.27

Hospital length of stay (d), median
(IQR)

8 (5–14) 8 (5–12) 0.11

Used an intensive care unit, n (%) 420 (38.8) 420 (38.8) 1.00
Unmatched characteristics
Self-reported race/ethnicity, n (%) 0.51

White 841 (77.7) 860 (79.4)
Black/African American 219 (20.2) 198 (18.3)
Other 23 (2.1) 24 (2.2)

Premorbid cognitive function, n (%) 0.01
Normal 911 (84.1) 945 (87.3)
Mild Impairment 89 (8.2) 54 (5.0)
Moderate/severe impairment 83 (7.7) 84 (7.8)

Receivedmechanical ventilation, n (%) 210 (19.4) 29 (2.7) ,0.01

Definition of abbreviations: ADL = activity of daily living; IQR = interquartile range.
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sepsis hospitalization, patients spent
a median of 10% (mean, 25%) of their days
alive admitted to an inpatient healthcare
facility (a hospital, LTAC, or SNF). Most
patients were rehospitalized, many more
than once. Only one in five severe sepsis
survivors remained alive for a full year after
severe sepsis without being rehospitalized.

When compared with survivors of
nonsepsis hospitalizations, severe sepsis
survivors had similar increases in use,
but greater mortality, a steeper decline in
days spent at home, and a more dramatic
rise in the proportion of days alive spent
in an inpatient healthcare facility.

Our analysis provides two
complementary perspectives on healthcare
use after severe sepsis. The before versus
after severe sepsis comparison (also known
as within-person analysis) addresses the
question: does severe sepsis represent an
important change in patients’ healthcare
use? The answer is a compelling “yes” with,

for example, inpatient days increasing from
24.2 per patient-year before severe sepsis
to 47.9 days per patient-year after severe
sepsis. The comparison to matched
nonsepsis hospitalizations addresses the
question: is severe sepsis particularly worse
in its disruption to patients’ premorbid
use than other illnesses with comparably
severe inpatient stays? The answer here is
more nuanced, with severe sepsis associated
with much worse ongoing mortality,
a finding that has been seen in many studies
(5, 11), but similar changes in absolute
healthcare needs relative to other similar
hospitalizations. Altogether, we interpret
this as meaning that severe sepsis is
followed by a significant increased burden
of healthcare use, but that increase is not
uniquely worse than other severe illnesses
requiring significant hospitalization.

Only 39% of the patients in our study
were treated in an intensive care unit. Our
findings suggest that patients with severe

sepsis, even the majority who do not require
intensive care unit admission, often need
prolonged and recurrent care in inpatient
facilities after hospital discharge. Our
findings are consistent a recent study by Liu
and coworkers (36) demonstrating that
sepsis survivors spend a threefold higher
proportion of days alive admitted to
a healthcare facility in the year after sepsis
hospitalization compared with before.
They are also consistent with prior studies
that have quantified post-sepsis resource
use (37–42), but have not included clear
comparisons, control for presepsis
healthcare use, or a focus on patient-
centered transitions of care.

With the mounting attention on repeat
admissions as a quality measure and
potentially preventable expense for
healthcare systems (13, 20), severe sepsis
may be an important opportunity for
targeted interventions. The rate of repeat
hospitalization observed in our study

Figure 2. Use and mortality for 1,083 matched survivors in the 2 years surrounding severe sepsis and nonsepsis hospitalizations. This figure displays the
daily location of 1,083 matched survivors of severe sepsis and nonsepsis hospitalizations in the 1 year before (A and C) and 1 year after hospitalization
(B and D). The index admission is not included. The year prior ends at the day before hospitalization; the year after begins the day after hospital
discharge. Patients are depicted as being at home (blue), admitted to a healthcare facility (red), or dead (black).
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exceeds the average readmission rate for
Medicare beneficiaries (13, 43) and the
rate observed in our matched nonsepsis
hospitalizations, suggesting that severe
sepsis survivors may benefit from
more intensive post-discharge care
management. This might include
improved coordination of care, more
frequent geriatric medicine involvement to
help with new disabilities and functional
limitations, support for caretakers (44),

or an increased focus on in-hospital
maintenance of the ability to live
independently.

As the case fatality rate for severe sepsis
continues to decline (45), it is important to
consider additional metrics to measure the
quality of care provided to severe sepsis
patients. Post-discharge healthcare use is an
attractive metric for several reasons. First, it
is meaningful to patients whether, and to
what extent, they need to spend time in

LTACs and SNFs. Second, to decrease case
fatality rates, hospitals may selectively
transfer patients to post–acute care
facilities, such as LTACs and SNFs (21),
shifting the burden of severe sepsis to less
studied silos. Third, post–acute care facility
use represents the largest source of
variation in healthcare spending across the
United States (46), so it is worthy of study
in and of itself. Thus, we urge researchers to
consider post-discharge use as an

Figure 3. Difference-in-differences analysis of healthcare use in the severe sepsis and nonsepsis cohorts. The difference-in-differences between the
severe sepsis and nonsepsis cohorts was (A) 238.6 days spent at home (95% confidence interval [CI], 250.9 to 226.3 d; P , 0.001), and (B) 15.4% of
days alive spent in an inpatient healthcare facility (95% CI, 12.8 to 18,1%; P , 0.001). The difference-in-differences for days spent in a healthcare facility
was not significant (24.2 d; 95% CI, 29.0 to 10.7 d; P = 0.09).

Table 2. Difference-in-Differences Analyses Comparing Changes in Healthcare Use between the Severe Sepsis and
Nonsepsis Cohorts*

Primary Cohorts
(1,083 Matched Pairs)

ICU Subgroup
(420 Matched Pairs)

Year-matched Cohorts
(795 Matched Pairs)

DID Estimate
(95% CI) P Value

DID Estimate
(95% CI) P Value

DID Estimate
(95% CI) P Value

Days at home 238.6 (250.9 to 226.3) ,0.01 243.6 (263.4 to 223.7) ,0.01 233.9 (248.4 to 219.4) ,0.01
Days in an inpatient facility 24.2 (29.0 to 0.7) 0.09 22.5 (210.4 to 5.5) 0.54 23.2 (28.8 to 2.4) 0.26
Days in a hospital 21.9 (24.0 to 0.2) 0.08 22.5 (26.1 to 1.1) 0.18 21.2 (23.6 to 1.1) 0.31
Days in an LTAC 0.1 (20.8 to 1.0) 0.87 20.3 (22.2 to 1.5) 0.72 1.2 (0.3 to 2.2) 0.01
Days in a SNF 22.4 (26.0 to 1.3) 0.20 0.4 (25.2 to 5.9) 0.90 23.2 (27.5 to 1.1) 0.14

Transitions of care location 20.6 (21.0 to 20.2) 0.01 20.6 (21.3 to 0.2) 0.13 20.5 (21.0 to 20.2) 0.04
Proportion of days alive

in an inpatient facility
5.4% (2.8 to 8.1%) ,0.01 7.8% (3.3 to 12.3%) ,0.01 4.1% (0.9 to 7.3%) 0.01

Definition of abbreviations: CI = confidence interval; DID = difference-in-differences; ICU = intensive care unit; LTAC = long-term acute care hospital;
SNF = skilled nursing facility.
*For each of the three analyses presented here, the severe sepsis and nonsepsis cohorts are matched on age, sex, premorbid disability, Charlson score
for comorbidities, length of hospitalization, and whether or not intensive care was used for any portion of the hospitalization. The ICU subgroup is the
subset of the primary analysis that used intensive care. The year-matched cohorts were matched on year, in addition to the other six matching variables,
and are not a subset of the primary cohort.
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important outcome for future observational
and interventional studies of severe sepsis
patients.

Our study has several potential
limitations. We analyzed inpatient
healthcare use through Medicare claims.
Because of this, we were unable to assess
long-term residence in nursing homes that
is not covered by Medicare. In addition,
we have not quantified informal care needs.
Therefore, our results underestimate the
magnitude of severe sepsis survivors’ total
needs (7), concentrating instead on those
most relevant to the public cost of severe
sepsis. We were not able to assess the
extent to which an integrated health system
may reduce healthcare use. Rather, our
results focus on Medicare, the only data
source with national scale and the payer
for more than half of severe sepsis
hospitalizations (47).

We excluded 7% of the severe sepsis
sample because they could not be matched
to nonsepsis hospitalizations using our
matching algorithm. The excluded severe
sepsis hospitalizations had similar baseline
use to those included in the analysis.

However, they had notably higher use
and mortality in the year after severe
sepsis. As such, our estimates may
underestimate the true impact of severe
sepsis on subsequent use. This decision
was made so that a consistent group
of severe sepsis patients was used for all
comparisons.

Conclusions
We have shown that healthcare use of severe
sepsis survivors is markedly elevated relative
to their own premorbid resource use. The
change in resource use was similar to that of
otherwise similar nonsepsis hospitalizations.
This finding suggests that, after controlling
for comorbidity burden and functional
limitations, much of a patient’s subsequent
use can be attributed to severity of illness
and hospitalization. That is, severe sepsis
may be a sufficient cause for a substantial
increase in healthcare needs, but it is not
a uniquely necessary cause of such an
increase relative to other severe illnesses.
However, severe sepsis survivors
experienced increased mortality relative to

matched nonsepsis survivors. As a result,
severe sepsis survivors spent a greater
proportion of their days alive admitted to
an inpatient healthcare facility and far
fewer days at home in the year after
hospital discharge. Our findings suggest
a need for greater attention to the post-
discharge management of severe sepsis
survivors and further investigation into
the excess mortality experienced by this
population. As the case fatality rate for
severe sepsis continues to fall, we believe it
would be worthwhile to measure post-
discharge use in studies of severe sepsis
outcomes. n
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