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Objective: To establish a baseline for the incidence of sepsis by

severity and presence on admission in acute care hospital settings

before implementation of a broad sepsis screening and response

initiative.

Methods: A retrospective cohort study using hospital discharge

abstracts of 5672 patients, aged 18 years and above, with sepsis-

associated stays between February 2012 and January 2013 at an

academic medical center and 5 community hospitals in Texas.

Results: Sepsis was present on admission in almost 85% of cases

and acquired in-hospital in the remainder. The overall inpatient

death rate was 17.2%, but was higher in hospital-acquired sepsis

(38.6%, medical; 29.2%, surgical) and Stages 2 (17.6%) and 3

(36.4%) compared with Stage 1 (5.9%). Patients treated at the

academic medical center had a higher death rate (22.5% vs. 15.1%,

P < 0.001) and were more costly ($68,050 ± 184,541 vs.

$19,498 ± 31,506, P < 0.001) versus community hospitals.

Conclusions: Greater emphasis is needed on public awareness of

sepsis and the detection of sepsis in the prehospitalization and early

hospitalization period. Hospital characteristics and case mix should

be accounted for in cross-hospital comparisons of sepsis outcomes

and costs.
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Septicemia is the most expensive condition treated in US
hospitals, accounting for over 5% of the aggregate cost of all

US hospitalizations.1 More is being learned about the clinical
epidemiology of sepsis in the United States as a result of
analyses of hospital discharge databases such as the Nationwide
Inpatient Sample,2–5 the National Hospital Discharge Survey,6

the University Health Consortium,7–10 and those of large health
plans.11 In this paper, using data from the multicenter Sepsis
Early Recognition and Response Initiative (SERRI) a program
funded by the Centers for Medicare and Medicaid Innovation
(CMMI)11,12 we report findings on sepsis-associated stays and
hospital utilization patterns to add further detail to existing
knowledge about the timing of diagnosis, most severe stage of
sepsis attained, differences between patients treated at an aca-
demic medical center versus community hospitals, and hospital
multiple stay rates.

METHODS
The Office of Research Protections of the Houston

Methodist Research Institute ruled that the Sepsis Early
Recognition and Response Initiative (SERRI) project is not
research and therefore does not require review or approval by
the Institutional Review Board.

The data reported in this retrospective cohort study come
from the 6 acute care hospitals (1 tertiary academic medical
center and 5 community hospitals) participating in the Texas
Gulf Coast Sepsis Network and the SERRI. The findings re-
ported herein are derived from the baseline period before the
implementation of SERRI began.

SERRI and the precedent program on which its design
was based have been reported elsewhere,12,13 as have the
characteristics of the participating acute care hospitals.13

Briefly, the 6 hospitals, with capacity of 140–799 adult beds,
are located within and outside the Houston metropolitan
area, and are a mix of not-for-profit and for-profit facilities.
The hospital stays reported here are sepsis-associated stays in
persons aged 18 years and above that occurred during the 12-
month period from February 2012 through January 2013. In
the 5 community hospitals, this period preceded the im-
plementation of the sepsis screening and treatment protocols
of the SERRI program; in the academic medical center,
where the precedent program for SERRI was developed and
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TABLE 1. Sepsis-associated Stays: Demographics and Clinical Attributes and Outcomes, Overall and by Hospital Type

n (%)

Overall (n=5672)

Academic Medical

Center (n=1584)

Five Community

Hospitals (n=4088)

Academic Medical

Center vs. Community

Hospital (P)

Age [mean ( ± SD)] (y) 65.2 ( ± 17.4)* 64.0 ( ± 16.9) 65.6 ( ± 17.6)w < 0.008
Female (%) 51.9 49.1 53.0 < 0.001
Discharged dead (%) 17.2 22.5 15.1 < 0.001
Length of hospital stay [mean ( ± SD)] (d) 11.1 ( ± 13.0) 15.3 ( ± 19.1) 9.5 ( ± 9.1) < 0.001

Range 0–377 0–377 0–109
Cost to payers [mean ( ± SD)] (y)z $33,050 ( ± $103,474)y $68,050 ( ± $184,541)8 $19,468 ( ± $31,506)z < 0.001

Range 0–$4,331,042 0–$4,331,042 0–$673,463
Sepsis subcohort# < 0.001

Present on admission 4735 (83.5) 1248 (78.8) 3487 (85.3)
Hospital-acquired, medical 427 (7.5) 136 (8.6) 291 (7.1)
Hospital-acquired, surgical 472 (8.3) 199 (12.6) 273 (6.7)

Present on admission subcohort
Admitted through emergency department 2256 (77.1) 800 (64.1) 1435/1677 (85.6)** < 0.001
Stage of sepsis at time of admission < 0.001

Stage 1 (septicemia and/or sepsis) 2602 (55.0) 559 (44.8) 2043 (58.6)
Progressed to stage 2 or stage 3 during the

stay
82 (3.2) 24 (4.3) 58 (2.8)

Stage 2 (severe sepsis) 914 (19.3) 307 (24.6) 607 (17.4)
Progressed to stage 3 during the stay 89 (9.7) 23 (7.5) 66 (10.9)

Stage 3 (septic shock) 1219 (25.7) 382 (30.6) 837 (24.0)
Worst stage of sepsis attained during stay < 0.001

Stage 1 (septicemia and/or sepsis) 2905 (51.2) 625 (39.5) 2280 (55.8)
Stage 2 (severe sepsis) 1084 (19.1) 390 (24.6) 694 (17.0)
Stage 3 (septic shock) 1683 (29.7) 569 (35.9) 1114 (27.3)

DRG code of stay
Sepsis DRG 3471 (61.2) 771 (48.7) 2700 (66.1) < 0.0001 (sepsis DRG

vs. nonsepsis DRGs)
853 infectious and parasitic conditions with

operating room procedure
431 (7.6) 119 (7.5) 312 (7.6)

870 septicemia or severe sepsis with mechanical
ventilation 96+ h

262 (4.6) 92 (5.8) 170 (4.2)

871 septicemia or severe sepsis without
mechanical ventilation 96+ h with major
complications or comorbidities

2026 (35.7) 455 (28.7) 1571 (38.4)

872 septicemia or severe sepsis without
mechanical ventilation 96+ h without
major complication or comorbidity

752 (13.3) 105 (6.6) 647 (15.8)

DRG complexity weight, patients in sepsis DRGs
[mean ( ± SD)]

2.48 ( ± 1.59) 2.82 ( ± 1.75) 2.38 ( ± 1.53) < 0.001

Cost to payer, patients in sepsis DRGs [mean ( ± SD)] $18,442 ( ± $27,940) $30,028 ( ± $46,827) $15,129 ( ± $18,113) < 0.001
Nonsepsis DRGs 2201 (38.8) 813 (51.3) 1388 (34.0)
DRG complexity weight, patients in nonsepsis DRGs

[mean ( ± SD)]
4.4 ( ± 4.6) 5.4 ( ± 5.6) 3.7 ( ± 3.8) < 0.001

Cost to payer, patients in nonsepsis DRGs
[mean ( ± SD)]

$56,081 ( ± $159,677) $104,109 ( ± $248,269) $27,909 ( ± $46,675) < 0.001

Payerww < 0.001
Medicare 3143 (55.4) 904 (57.1) 2239 (54.8)
Medicare advantage 559 (9.9) 107 (6.8) 452 (11.1)
Medicaid 536 (9.4) 94 (5.9) 442 (10.8)
Medicare and Medicaid 28 (0.5) 16 (1.0) 12 (0.3)
Private insurance 923 (16.3) 405 (25.6) 518 (12.7)
Uninsured 415 (7.3) 31 (2.0) 384 (9.4)
Otherzz 68 (1.2) 27 (1.7) 41 (1.0)

Discharge disposition, survivors 0.460
Home with or without home health care 2449 (43.2) 652 (41.2) 1797 (44.0)

Home 1934 (41.2) 462 (37.7) 1472 (42.4)
Home with home health care 485 (10.3) 185 (15.1) 300 (8.6)
Discharged against medical advice 30 (0.6) 5 (0.4) 25 (0.7)

Facility-based rehabilitation 1826 (32.2) 475 (30.0) 1351 (33.1)
Long-term acute care hospital 917 (19.5) 263 (21.4) 654 (18.9)
Skilled nursing facility 698 (14.9) 164 (13.4) 534 (15.4)
Rehabilitation facility 108 (2.3) 45 (3.7) 63 (1.8)
Acute care hospital 103 (2.2) 3 (0.2) 100 (2.9)

(Continued )
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has been in place since 2008, this period preceded the ex-
pansion of the program to additional clinical units.

The data were derived from hospital discharge/claims da-
tabases using the fields found in the Uniform Billing Form 04.
Working from a technical specification document that describes
fields and data formats, hospitals participating in SERRI provide
deidentified but linkable discharge data to the SERRI Program
Office, which analyzes the data and submits it back to the par-
ticipating sites as well as to CMMI. The Program Office conducts
data cleaning and extensive data validation and works with the
sites to ensure data integrity. The analyses reported here were
conducted by the SERRI Program Office (all the authors, except
F.M.).

A sepsis-associated hospital stay was defined as a stay
for which 1 or more of the following ICD-9-CM codes was
found in any slot in the diagnosis list: 038 (septicemia),
995.91 (sepsis), 995.92 (severe sepsis), or 785.52 (septic
shock). We classified the stage of sepsis for each stay ac-
cording to the most severe sepsis ICD-9 code that was re-
corded in the discharge abstract, as follows: Stage 1 (sepsis),
038.0–038.9 and/or 995.91; Stage 2 (severe sepsis), 995.92;
and Stage 3 (septic shock), 785.52. A stay might have all 4

ICD-9 sepsis codes, for example, if the patient was admitted
at the septicemia/sepsis stage and progressed through the
stage of severe sepsis to septic shock. We categorized pa-
tients as to the most severe stage they attained during the
stay; the patient in the example would have been placed into
Stage 3.

Stays were classified as sepsis present-on-admission
(POA) if the POA field, a field required by Medicare as of
October 1, 2007, had a “yes” indicator. Sepsis stays for which
the POA indicator was “no” were classified as medical or
surgical hospital-acquired sepsis based on whether the stay
was classified into a medical or surgical Medicare Severity
Diagnosis Related Group (MS-DRG). Because a sepsis-as-
sociated stay can be grouped into 1 of 4 sepsis-specific DRGs
(Table 1) or many of the other 700+ DRGs, and payment to
hospitals is dependent on DRG rather than ICD-9 code, we
also report how sepsis-associated stays were distributed
across DRGs. We do not analyze hospital charges, but rather
“cost to payer,” which is the reimbursement that the hospital
anticipates receiving for the stay from the primary payer.
“Cost to payer,” a figure estimated by the hospital billing
office, is hospital charges less contractual obligations, con-

TABLE 1. Sepsis-associated Stays: Demographics and Clinical Attributes and Outcomes, Overall and by Hospital Type (continued)

n (%)

Overall (n=5672)

Academic Medical

Center (n=1584)

Five Community

Hospitals (n=4088)

Academic Medical

Center vs. Community

Hospital (P)

Nursing home, hospice, other 421 (7.4) 100 (6.3) 321 (7.9)
Nursing home 109 (2.3) 17 (1.4) 92 (2.7)
Hospice 291 (6.2) 81 (6.6) 210 (6.1)
Otheryy 21 (0.4) 2 (0.2) 19 (0.6)

*Age was available on 5590 stays overall.
wAge was available for 4006 stays at community hospitals.
zCost to payer is the amount the hospital anticipates receiving from the primary payer for the stay, that is, charges less contractual obligations, contractual discounts, and patient

copayments.
yCost to payer was available for 5666 stays overall.
8Cost to payer was available for 1584 stays at the academic medical center.
zCost to payer was available for 4082 stays at the community hospitals.
#The POA indicator was missing on 38 stays.
**Source of admission data were available for only 3 of the 5 community hospitals.
wwPayer was determined on the basis of the entity paying the largest share of costs for a given stay.
zzIncludes Children Health Insurance Plan, TRICare, VA Health System, and “Other” (Payer Status—Other).
yyIncludes Discharged/Transfer to Texas State School, Federal Hospital, Federal Prison Camp, Jail, and “Other” (Discharge—Other).
DRG indicates Diagnosis Related Group.

TABLE 2. Selected Attributes of Sepsis-associated Stays, by Stage of Sepsis, Present on Admission or Hospital Acquired, and DRG

Worst Stage of Sepsis During Stay Subcohort

Septicemia

and/or Sepsis

(Stage 1)

Severe Sepsis

(Stage 2)

Septic Shock

(Stage 3) P
Present on

Admission

Hospital-

acquired,

Medical

Hospital-acquired,

Surgical P

Age [mean ( ± SD)] (y) 63.5 ( ± 18.4) 68.0 ( ± 16.5) 66.2 ( ± 15.9) < 0.001 65.0 ( ± 17.7) 67.7 ( ± 15.9) 63.7 ( ± 16.1) < 0.002
Discharged dead (%) 5.9 17.6 36.4 < 0.001 14.1 38.6 29.2 < 0.001
DRG complexity weight

[mean ( ± SD)]
2.5 ( ± 2.4) 3.7 ( ± 3.7) 4.1 ( ± 3.9) < 0.001 2.8 ( ± 2.5) 1.3 ( ± 1.3) 8.2 ( ± 6.0) < 0.001

Cost to payer [mean ( ± SD)] $19,997 ( ± $43,418) $39,736 ( ± $94,516) $51,307 ( ± $162,656) < 0.001 $23,779 ( ± $52,254) $31,910 ( ± $53,335) $128,296 ( ± $298,003) < 0.001

DRG indicates Diagnosis Related Group.
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tractual discounts, and patient copayments. We chose this
metric because one of the objectives for the projects in this
CMMI Portfolio is to evaluate the extent to which they reduce
CMS costs, that is, reimbursements to hospitals and pro-
viders. All hospitals estimate the cost to payer (the inverse of
which is revenue to hospital) for each hospital stay; this figure
estimates what the hospital expects to receive for the stay,
and is available much sooner than the amount actually re-
ceived by the hospital, given the lag that exists between filing
a claim and being reimbursed for a claim.

To compare the intensity of hospital use between
persons hospitalized 1 or more times for sepsis during the 12-
month period compared with those hospitalized for nonsepsis
conditions, we obtained data on all inpatient stays (not just
sepsis-associated stays) occurring during this 12-month pe-
riod and calculated the multiple stay rate.14 The multiple stay
rate is the number of hospital stays in a period divided by the
number of unique hospital users. Two of the community
hospitals and the academic medical center were able to
provide these data.

RESULTS
A total of 5672 sepsis-associated stays occurred at the

6 hospitals during the 12-month baseline period, only 61.2%
of which were classified into a sepsis DRG (Table 1). In half
the cases (51.2%) sepsis did not progress past Stage 1
(septicemia/sepsis). Overall, the inpatient death rate was
17.2% (Table 1), but as Table 2 shows the mortality rate was
higher in patients with Stage 3 (septic shock) compared with
Stages 1 or 2, in patients who acquired sepsis in hospital
compared with those in whom it was POA, and in patients in
DRG 870 (sepsis with mechanical ventilation for 96+ h) or in
a nonsepsis DRG compared with those in the other sepsis
DRGs.

Sepsis was POA in 83.5% of cases and was acquired in
the hospital in the remainder (Table 1). Overall, 77.1% of
patients whose sepsis was POA were admitted through the
emergency department (ED). Over half of those (55.0%)
whose sepsis was POA were Stage 1 at the time of admis-
sion. Progression to Stage 2 or 3 during the hospital stay
occurred in 3.2% of those whose sepsis was Stage 1 at the
time of admission; progression to Stage 3 occurred in 9.7%
of patients whose sepsis was at Stage 2 at the time of ad-
mission (Table 1).

The average length of hospital stay was 11.1 days ( ± 13.0
SD) and the average cost to payer was $33,050 ( ± $103,474
SD) (Table 1). Medicare and/or Medicaid was the primary
payer for 75.2% of hospital stays. Mean cost per stay in-
creased across the stages of sepsis. Stays in the surgical
hospital-acquired sepsis subcohort were by far the most
costly (mean $128,296 ± $298,003 SD) (Table 2).

Whereas 43.2% of survivors were discharged home
with or without home health care, 32.2% were discharged to
facility-based rehabilitation (Table 1). Persons discharged
home were younger than those discharged to facility-based
rehabilitation (58.5 ± 17.9 vs. 70.0 ± 15.0 y SD) (Table 3).

Compared with patients treated for sepsis at com-
munity hospitals, those treated at the academic medical
center had a higher inpatient death rate (22.5% vs. 15.1%,
P < 0.001) and were more costly ($68,050 ± $184,541 vs.
$19,468 ± $31,506 SD, P < 0.001) (Table 1). These differ-
ences are at least partially explained by differences in the
distribution of sepsis stages, the distribution of subcohorts,
and DRG classifications between the 2 types of hospitals.
Patients with more severe sepsis (Stage 2, severe sepsis and
Stage 3, septic shock) accounted for less than half (44.3%) of
sepsis patients treated at community hospitals, but 60.5% of
those treated at the academic medical center (P < 0.001). The
2 most lethal and costly subcohorts (hospital-acquired
medical or surgical sepsis) accounted for 13.8% of sepsis
patients at community hospitals but 21.2% at the academic
medical center (P < 0.001). Community hospitals treated
proportionally fewer patients whose stays were classified
into the highest-mortality DRG, DRG 870 (septicemia or
sepsis with mechanical ventilation for 96+ h) or a nonsepsis
DRG than did the academic medical center (Table 1).
In stays classified into a nonsepsis DRG, DRG complexity
weight (a value assigned by Medicare that is a proxy for
clinical severity and resource consumption) was lower in
community hospitals (mean DRG weight 3.7 ± 3.8 vs.
5.4 ± 5.6 SD, P < 0.001), as was mean cost to payer
($27,909 ± $46,675 vs. $104,109 ± $248,269 SD, P < 0.001)
(Table 1). Another factor contributing to the higher cost for
patients treated at the academic medical center is payer mix:
private commercial insurance, which as Table 4 shows pro-
vides the highest reimbursements among types of payers,
was twice as common among patients treated at the academic
medical center. (Compared with community hospitals, aca-
demic medical centers also receive a slightly higher payment

TABLE 2. (continued)

DRG

853 Infectious and Parasitic

Conditions With Operating

Room Procedure

870 Septicemia or Severe

Sepsis With Mechanical

Ventilation 96+h

871 Septicemia or Severe Sepsis

Without Mechanical Ventilation

96+h with MCC

872 Septicemia or Severe Sepsis

Without Mechanical Ventilation

96+h Without MCC P

64.9 ( ± 15.8) 66.9 ( ± 14.6) 68.7 ( ± 17.1) 62.4 ( ± 19.7) 0.148
11.4 34.7 18.4 2.4 < 0.001
5.5 5.8 1.9 1.1 0.104

$44,412 ( ± $50,264) $48,664 ( ± $45,051) $13,502 ( ± $13,782) $6357 ( ± $5069) 0.592
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per DRG to cover the cost of graduate medical education and
to compensate for a more severe case mix.).

As to the intensity of hospital use during the 12-month
period, patients with a sepsis-associated stay were higher
users than those hospitalized for nonsepsis diagnoses
(Table 5). In the sepsis group, 2543 unique individuals had
5441 stays (2.1 stays per user), whereas in the nonsepsis
group 41,094 unique individuals had 52,721 stays (1.3 stays
per user). The proportion of patients with >1 stay in the
sepsis group was 49.7% compared with 17.9% in the non-
sepsis group (P < 0.001).

DISCUSSION
Our analysis of a cohort of over 5600 inpatients treated

at 6 Texas hospitals shows that the great majority of patients
are admitted with sepsis rather than acquiring it in hospital,
that substantial differences exist between patients treated for
sepsis at academic medical centers and community hospitals
in terms of sepsis epidemiology, outcomes, and costs, and that
patients with 1 or more sepsis stays in a given period are much
more likely to have multiple hospital stays during that period
than patients treated in hospital for other conditions. The
overall inpatient death rate in our cohort—17.2%—is slightly
higher than the inpatient mortality rate for septicemia hospi-
talizations derived from the Nationwide Inpatient Sample,
14.7%–16.3%.5 Hospital-acquired sepsis is associated with a
higher mortality than sepsis POA, 14.1% vs. 38.6% for
medical hospital-acquired sepsis and 29.2% for surgical hos-
pital-acquired sepsis. Page et al,10 the first and only other
group to our knowledge to categorize sepsis stays as com-
munity acquired or hospital acquired, also found that hospital-
acquired sepsis was associated with a much greater inpatient
mortality risk than community-acquired (POA) sepsis.

In this study, nearly 85% of patients with a sepsis-
associated stay have sepsis POA—3 other studies have
found 70%, 92%, and 89%, respectively9–11—and of those,
over three quarters were admitted through the ED. To be
effective, early recognition programs must include the ED
and the prehospital period. Screening for sepsis is based
mostly on criteria for presence of the systemic in-

flammatory response syndrome (SIRS), a syndrome char-
acterized by fever, tachycardia, tachypnea, and an abnormal
white blood count that can be the herald of sepsis or other
noninfectious acute insults such as trauma or pancreatitis.
Even in the intensive care unit setting, SIRS-based sepsis
screening has substantial proportions of false positives and
false negatives.15 SIRS is common in patients using the ED,
even though the diagnosis of sepsis in the ED is uncommon.
One study based on the National Hospital Ambulatory
Medical Care Survey found a SIRS prevalence of 18%
among adult ED cases; only 26% of those with SIRS were
given a subsequent diagnosis of infection.16 Another study
using the same data source found that <1% of ED visits
culminate in an explicit diagnosis of sepsis.17 To be suc-
cessful, specialized sepsis screening programs for use in ED
settings must take into account the high prevalence of SIRS
and unique ED workflows and missions. Moreover, besides
health professionals in the ED, the lay public must be made
aware of the signs and symptoms of sepsis and the need to
seek prompt medical attention, hopefully before sepsis
progresses past Stage 1. In this study, Stage 1 (septicemia
and/or sepsis) was associated with a 5.9% inpatient death
rate, compared with 17.6% in Stage 2 (severe sepsis) and
36.4% in Stage 3 (septic shock). Clearly, much more public
education about sepsis is needed. A June 2014 survey
conducted for the Sepsis Alliance found that only 44% of
Americans had ever heard of sepsis.18

The differences noted in this study between patients
with sepsis treated at an academic medical center versus
community hospitals have important implications for cross-
sectional comparisons of sepsis-associated inpatient death
rates and longitudinal tracking of changes in sepsis-asso-
ciated mortality. Our analyses indicate that the academic
medical center cares for more severely ill and complex pa-
tients with sepsis. If differences in the types of hospitals in
the analysis pool are not taken into account, spurious con-
clusions may be drawn about cross-sectional differences in
quality of care or temporal trends in death rates. The same is
true for the distribution of DRGs between the 2 types of
hospitals: the underlying distribution of DRGs—and not just

TABLE 3. Selected Attributes of Sepsis-associated Stays of Survivors, by Discharge Disposition

Home With or

Without Home

Health Care

(n=2449)*
Home

(n=1934)

Home With

Home Health

Care (n=485)

Discharged

Against Medical

Advice (n=30)

Facility-based

Rehabilitation

(n=1826)w
LTACH

(n=917)

Skilled Nursing

Facility

(n=698)

Age [mean
( ± SD)] (y)

58.5 ( ± 17.9) 57.3 ( ± 18.0)8 62.8 ( ± 17.0) 48.7 ( ± 12.3) 70.0 ( ± 15.0) 69.9 ( ± 14.4) 72.7 ( ± 14.7)

DRG
complexity
weight [mean
( ± SD)]y

2.4 ( ± 1.8) 2.3 ( ± 1.7) 2.8 ( ± 2.2) 2.2 ( ± 1.4) 4.1 ( ± 4.1) 5.1 ( ± 4.9) 2.8 ( ± 2.6)

Cost to payers
[mean
( ± SD)]

$18,446 ( ± 36,210) $16,353 ( ± 33,621) $26,543 ( ± 43,007) $22,434 ( ± 55,322) $46,457 ( ± 135,493) $62,844 ( ± 180,348) $24,884 ( ± 50,767)

*Includes persons discharged home, home with home health care, or against medical advice.
wIncludes persons discharged to LTACH, skilled nursing facility, rehabilitation bed or hospital, or acute care hospital.
zIncludes persons discharged to nursing home, hospice, or other location (Texas State School, federal hospital, federal prison camp, jail).
yThese data pertain to the sepsis-associated hospital stay that eventuated in the discharge to one of these locations.
DRG indicates Diagnosis Related Group; LTACH, long-term acute care hospital.
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the sepsis DRGs—drives the direct costs as well as the re-
imbursements to hospitals for sepsis-associated stays. The
academic medical center in this study has a high-volume
organ transplant program, implants cardiac assist devices,
and provides extracorporeal membrane oxygenator support,
all of which are associated with an elevated risk of post-
procedure, hospital-acquired sepsis, and which therefore in-
troduce significant case mix differences between it and the
community hospitals which do not offer these services. We
are not aware of other work that makes this point. For ex-
ample, a recent analysis of severe sepsis hospitalizations by
Page et al,10 using University HealthSystem Consortium data
that included 300 academic hospitals and their community
affiliates, risk-adjusted at the patient level but not for hos-
pital type. This approach is justifiable when examining
sepsis epidemiology but may not be when comparing hos-
pitals on sepsis outcomes and rewarding or penalizing them
accordingly.

We do not know of other work that uses, as we do,
“cost to payer” (what the hospital anticipates receiving from
the primary payer for the stay, and its inverse, what the
primary payer expects to have to pay) to examine the fi-
nancial impact of sepsis-associated stays. Most other studies
use hospital charges multiplied by their cost-to-charge ratios.
It has been widely commented on in the research and lay
literature that hospital charges are grossly skewed and bear
an uncertain relationship to what it actually costs a hospital
to produce an inpatient stay, which calls into question the

entire foundation of the cost-to-charge ratio. In considering
“cost to payer,” it is true that contractual obligations and
discounts, which are part of this metric, vary across hospitals
even in the same location, limiting the generalizability of
these estimates. But “cost-to-payer” does reflect the amount
of dollars the hospital is willing to accept as reimbursement
for the stay, and there has been some empirical evaluation of
the characteristics of hospitals that have high charge-to-
reimbursement ratios.19 Use of the cost-to-payer metric
seemed the optimal choice given the goals of the SERRI
project, but further evaluation is warranted if this metric is
used with the intention to generalize results outside the
study.

Our analyses showed that patients with a sepsis-asso-
ciated hospital stay have much more intense hospital use in a
12-month period compared with patients hospitalized for
nonsepsis conditions: 2.1 stays per user in the former com-
pared with 1.3 in the latter. These are underestimates for 2
reasons: first, our period was based on calendar time, which
means that individuals did not have equal periods of risk for
readmission, and second, we could only detect readmissions
back to the same hospital or hospital system, which means
readmissions elsewhere were missed. Moreover, we do not
know whether the debility from a sepsis-associated stay is
what precipitated a period of high hospital use in a pre-
viously low user, or whether sepsis occurred in the middle or
end of a period of high hospital use in a person with serious
chronic illness and recurrent hospitalizations, or whether

TABLE 3. (continued)

Rehabilitation Bed or

Hospital (n=108)

Acute Care

Hospital

(n=103)

Nursing Home, Hospice,

Other (n=421)
z

Nursing Home

(n=109)

Hospice

(n=291) Other (n=21)

Differences Among 3

Categories (P)

66.6 ( ± 13.8) 56.2 ( ± 15.8) 73.9 ( ± 15.5) 72.9 ( ± 13.7) 75.7 ( ± 13.9) 56.2 ( ± 14.2) < 0.001
4.8 ( ± 4.1) 2.9 ( ± 2.4) 2.8 ( ± 2.4) 2.1 ( ± 1.3) 3.0 ( ± 2.7) 3.2 ( ± 2.3) < 0.001

$70,703 ( ± 102,937) $21,962 ( ± 37,267) $23,165 ( ± 47,929) $13,423 ( ± 11,461) $27,000 ( ± 56,166) $20,597 ( ± 32,440) < 0.001

TABLE 4. Selected Attributes of Sepsis-associated Stays, by Payer

Medicare

(n=3145)

Medicare

Advantage

(n=559)

Medicaid

(n=536)

Medicare and

Medicaid

(n=28)

Private Insurance

(n=923)

Uninsured

(n=415) Other (n=68) P

Age [mean
( ± SD)] (y)

72.6 ( ± 14.1) 72.5 ( ± 11.3) 50.0 ( ± 14.8) 72.3 ( ± 15.8) 53.3 ( ± 13.7) 45.9 ( ± 14.3) 62.3 ( ± 19.9) < 0.003

Discharged
dead (%)

18.0 19.9 15.7 28.6 14.4 11.8 36.8 < 0.001

DRG
complexity
weight
[mean
( ± SD)]

3.1 ( ± 3.0) 3.6 ( ± 3.7) 3.2 ( ± 3.3) 2.9 ( ± 1.7) 3.7 ( ± 4.1) 2.6 ( ± 2.4) 3.1 ( ± 2.9) < 0.001

Cost to payer
[mean
( ± SD)]

$22,492 ( ± $29,657) $30,790 ( ± $87,459) $16,097 ( ± $26,148) $31,854 ( ± $58,683) $93,192 ( ± $228,424) $810 ( ± $6375) $53,232 ( ± $105,776) 0.415

DRG indicates Diagnosis Related Group.
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sepsis was a sort of epiphenomenon during a series of hos-
pitalizations for a serious condition such as organ failure and
transplantation. Little is known about the hospital use pat-
terns of persons with sepsis-associated stays, because most
publicly available databases do not allow for the linking of
successive hospital episodes by unique patient to view the
per-person intensity of hospital utilization over time. Linking
the Health and Retirement Survey with Medicare claims
data, Prescott et al20 found that survivors of hospitalization
for severe sepsis had 30-, 60-, and 365-day hospital read-
mission rates of 26.5%, 41%, and 63.0%, respectively.
Among Medicare beneficiaries in an 18-state sample, septi-
cemia was found to be second only to congestive heart
failure, which for decades has been the number 1 cause of
readmission, as to its 30-day readmission rate.21 This intense
hospital use occurs in addition to the use of facility-based
rehabilitation after discharge, which in our study followed
the hospital stays of over 3 out of 10 survivors.

We used “explicit” case definitions for sepsis rather
than the “implicit” definitions used by others, for example,
by Angus et al,22 and most recently, by Page et al.10 Both
approaches to case identification are based on ICD-9 codes
but lead to somewhat different estimates of sepsis incidence
and mortality.2 It is possible that we detected fewer cases of
sepsis than actually existed at our participating hospitals. In
contrast, because of potential regulatory penalties for coding
a stay as sepsis associated when it was not, our approach
means that we included fewer cases misclassified as sepsis
when sepsis was not present, and our analyses accurately
capture the outcomes and resource use of sepsis-associated
stays. Introduced in 2002 and 2003, the explicit and specific
ICD-9 codes for sepsis used in this study have now been in
use for over 10 years (they were introduced in 2002 and
2003), long enough for sepsis coding to have stabilized, and
permit replicable analyses. Using these sepsis-specific ICD-9
codes also makes it possible to categorize patients as to the
most severe stage of sepsis attained, and indeed, our analyses
showed that inpatient death rates and mean costs to payer
increased monotonically from Stage 1 (sepsis) (5.9%;
$19,997) to Stage 2 (severe sepsis) (17.6%; $39,736) to
Stage 3 (septic shock) (36.4%; $51,307). To our knowledge,
we are the first to use this staging approach, and confirmation
from other studies is needed.

Besides the limitations already pointed out, our study
was based on hospital discharge data collected for claims
purposes rather than on primary data. While hospitals use
many strategies to ensure their claims are accurate and face
regulatory penalties if they are not, we did not attempt to
verify the accuracy of coding in this study.

At present, most attention seems to be focused on the
early recognition and prompt treatment of sepsis in hospi-
talized patients. However, the findings of our study reinforce
the necessity of obtaining much more information about
what is happening to patients hospitalized for or with sepsis
before they are admitted and, if they survive, after they are
discharged.
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