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Benchmarking the Incidence and Mortality of
Severe Sepsis in the United States*
David F. Gaieski MD1; J. Matthew Edwards, MD1; Michael J. Kallan, MS2; Brendan G. Carr, MD, MA, MS1–3

Background: In 1992, the first consensus definition of severe
sepsis was published. Subsequent epidemiologic estimates were
collected using administrative data, but ongoing discrepancies
in the definition of severe sepsis produced large differences in
estimates.
Objectives: We seek to describe the variations in incidence and
mortality of severe sepsis in the United States using four methods
of database abstraction. We hypothesized that different methodologies of capturing cases of severe sepsis would result in disparate estimates of incidence and mortality.
Design, Setting, Participants: Using a nationally representative
sample, four previously published methods (Angus et al, Martin et al,
Dombrovskiy et al, and Wang et al) were used to gather cases
of severe sepsis over a 6-year period (2004–2009). In addition,
the use of new International Statistical Classification of Diseases,
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9th Edition (ICD-9), sepsis codes was compared with previous
methods.
Measurements: Annual national incidence and in-hospital mortality of severe sepsis.
Results: The average annual incidence varied by as much as
3.5-fold depending on method used and ranged from 894,013
(300/100,000 population) to 3,110,630 (1,031/100,000) using
the methods of Dombrovskiy et al and Wang et al, respectively.
Average annual increase in the incidence of severe sepsis was
similar (13.0% to 13.3%) across all methods. In-hospital mortality
ranged from 14.7% to 29.9% using abstraction methods of
Wang et al and Dombrovskiy et al. Using all methods, there was a
decrease in in-hospital mortality across the 6-year period (35.2%
to 25.6% [Dombrovskiy et al] and 17.8% to 12.1% [Wang et al]).
Use of ICD-9 sepsis codes more than doubled over the 6-year
period (158,722 – 489,632 [995.92 severe sepsis], 131,719 –
303,615 [785.52 septic shock]).
Conclusion: There is substantial variability in incidence and mortality of severe sepsis depending on the method of database
abstraction used. A uniform, consistent method is needed for use
in national registries to facilitate accurate assessment of clinical
interventions and outcome comparisons between hospitals and
regions. (Crit Care Med 2013; 41:1167–1174)
Key Words: case fatality; epidemiology; mortality; outcomes;
sepsis; trends analysis

T

he term sepsis has been in use for over two millennia (1),
but it was not until two decades ago that a consensus
definition of the clinical syndrome was reached (2, 3).
Prior to 1992, heterogeneous groups of patients were enrolled
in sepsis trials, leading to variability in estimates of incidence
and mortality (2). In response, the American College of Chest
Physicians and Society for Critical Care Medicine defined sepsis, severe sepsis, and septic shock as a spectrum of disease
resulting from a host response to systemic infection (3–5). This
standardization facilitated the recognition of sepsis as a substantial burden to the U.S. healthcare system. The Centers for
Disease Control and Prevention listed “septicemia” as the 11th
leading cause of death nationwide in 2009 (6). Severe sepsis,
defined as sepsis associated with new organ dysfunction, hypoperfusion, or hypotension has a high ICU admission rate and
www.ccmjournal.org
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was recently estimated to cost the U.S. healthcare system $24.3
billion in 2007 (7).
To determine national trends in the epidemiology of
severe sepsis, researchers have used International Statistical
Classification of Diseases, 9th Edition (ICD-9), codes linking infection to new organ dysfunction (8–18). However,
substantial differences in methodology have led to disparate
estimates. Angus et al (8) estimated an annual incidence of
severe sepsis of 750,000 cases (300/100,000 population) and
an in-hospital mortality rate of 28.6% in 1995. Martin et al
(14) estimated a incidence of severe sepsis of 256,000 cases in
2000 (81/100,000). Dombrovskiy et al (13) reported a incidence of 391,000 cases (134/100,000) of severe sepsis with an
in-hospital mortality rate of 37.7% in 2003. Finally, Wang et
al (12) found 571,000 annual emergency department (ED)
cases nationally between 2001 and 2003. Debate continues
concerning the true incidence of severe sepsis in the United
States and around the world (19, 20). The relation between
these competing abstraction methods remains unknown. A
population-based analysis in Sweden recently reported that
the incidence and mortality of severe sepsis varied threefold depending on method used (21). Additionally, in 2002
and 2003, specific ICD-9 codes for sepsis, severe sepsis, and
septic shock (995.91, 995.92, and 785.52, respectively) were
introduced, but their suitability for epidemiologic analysis
remains unknown.
As therapies for severe sepsis evolve, the derivation of accurate and consistent estimates of the national incidence and
mortality is critical for proper distribution of limited health
care resources. Beyond this, the focus on publicly reported outcomes between regions and hospital systems requires a means
by which to ensure uniform reporting. As prospective collection of such data appears elusive, consistent use of administrative data remains essential. In this study, we use four previously
published (8, 12–14) methods for identification of sepsis, as
well as the new sepsis codes to benchmark national variability
in incidence and mortality over a 6-year period (2004–2009).
We hypothesized that different methodologies of capturing

cases of severe sepsis would result in disparate estimates of
incidence and mortality.

METHODS
Data
We performed a nationally representative retrospective cohort
study using the Nationwide Inpatient Sample (NIS) from
2004 to 2009. The NIS is the largest all-payer, publicly available inpatient database in the United States, developed as part
of the Healthcare Cost and Utilization Project sponsored under
the Agency for Healthcare Research and Quality. The database
contains approximately 8 million hospital stays each year from
1,050 hospitals in 44 states (in 2009), representing a 20% sample of U.S. acute care hospitals. The Nationwide Inpatient Sample stratified sampling methodology allows for generation of
nationally representative estimates of incidence and mortality.
Over 100 clinical and nonclinical elements are available from
each hospital stay, including primary and secondary diagnoses,
procedures, discharge status, patient demographics, and hospital length of stay. Hospital-level characteristics including geographic region, urban vs. rural location, ownership, teaching
status, and bed size are used to provide a weight for individual
hospitals and ensure nationally representative data. Since 2003,
the 20% sample closely approximates 1/5 of the national incidence with individual hospital weights tending to be close to
5. Further details are available at http://www.hcup-us.ahrq.gov/
nisoverview.jsp. Given the de-identified nature of the administrative data, this study was declared to be exempt by the Institutional Review Board at the University of Pennsylvania.

Patients
Severe sepsis was defined as documented infection, including
the ICD-9 code for sepsis (995.91) and the presence of new
organ dysfunction or the ICD-9 code for severe sepsis (995.92)
or septic shock (785.52). To compare the incidence of severe sepsis by year, four previously published methods were used (Fig. 1)
(8, 12–14). These methods used ICD-9 codes for infection listed
as a primary or secondary diagnosis paired with at least one
diagnosis of new organ dysfunction, including dysfunction of
the respiratory, cardiovascular,
renal, hepatic, coagulation, and
central nervous systems (Online
Appendix, Supplemental Digital Content 1, http://links.lww.
com/CCM/A616). Among these
four methods, there is considerably more variation in ICD-9
capture technique for infection than for organ dysfunction. Specifically, Angus et al (8)
used 1,286 codes for infection
and 13 codes for acute organ
Figure 1. Previous use of International Statistical Classification of Diseases, 9th Edition (ICD-9), codes to
determine National Epidemiologic Estimates. National estimates of the incidence and mortality of severe sepsis
dysfunction. Martin et al (14)
were generated using ICD-9 codes to pair infection to organ dysfunction or an ICD-9 severe sepsis code (995.92),
defined severe sepsis using six
introduced in 2002. Both Angus et al (8) and Martin et al (14) utilized data collected prior to 2002 and thus did
codes for infection including
not include 995.92. Dombrovskiy et al (13) and Wang et al (12) used separate databases that included 995.92.
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bacteremia, septicemia, and fungemia. Dombrovskiy et al (13)
used 18 ICD-9 codes for infection, including the new sepsis specific codes. Finally, Wang et al (12) combined a similar set of
codes for infection and acute organ dysfunction as Angus et al
(8) with ED temperature and hypotension.
Primary and secondary diagnoses, procedures, admission
source, hospital disposition, demographic variables including
age, sex, and total length of stay were obtained from the NIS.
Annual incidence (per 100,000 population) was calculated
using annual estimates of the 2004–2009 U.S. adult population,
accessed at the U.S. Census Bureau’s website (http://www.census.
gov/popest/national/asrh/NC-EST2009-sa.html). In-hospital
mortality was calculated as the ratio of in-hospital deaths to
total cases of severe sepsis by year and compared by each of the
four methods. Number and type of organ dysfunctions by year
were compared by each method. In theory, the new ICD-9 sepsis
codes introduced in 2002 and 2003 could be used to generate
national estimates without including codes for infection and
organ dysfunction. Therefore, ICD-9 codes for severe sepsis
(995.92) and septic shock (785.52) were used to independently
compare incidence over the 6-year period. Patients less than or
equal to 18 years old were excluded.
Statistical Analysis
Descriptive analyses were performed using SAS software
(SAS Institute, Cary, NC, Version 9.2), as well as SAS-callable
Table 1.

SUDAAN, Version 10.0.1 (Software for the Statistical Analysis
of Correlated Data, Version 10.0.1), to account for weighted
frequencies and provide national estimates. Average annual
change in incidence was calculated by comparing the most
recent year of data with the earliest year of data (2009 vs.
2004) and assuming constant proportional (i.e., exponential)
annual change.

RESULTS
Patient Characteristics and Organ Dysfunction
Distribution of patients in different age ranges was similar across the four methods; methods by Angus et al (8) and
Wang et al (12) included a higher percentage of females than
the methods by Martin et al (14) and Dombrovskiy et al (13)
(Table 1). The number and type of organ dysfunctions varied
by abstraction method. Overall, the cohorts of Dombrovskiy
et al (13) and Martin et al (14) had a higher mean number of
organ dysfunctions and longer length of stay.
Incidence
A total of 39,893,459 hospitalizations were found from 2004
to 2009, representing a weighted total of 196,096,962 admissions to all U.S. acute care hospitals across the 6-year period.
The four separate methods yielded the following incidences of
severe sepsis per 100,000 population across the 6-year period:

Patient Characteristics and Organ Dysfunction
Angus et al (8)

Total patients, 2003–2009
(unweighted n)
Female (%)

Wang et al (12)

12,267,065 (2,489,751) 13,980,089 (2,837,265)

Dombrovskiy
et al (13)

Martin et al (14)

4,067,836 (827,014)

5,001,750 (1,017,198)

52.3

53.0

49.7

49.4

18–54

20.2

19.2

20.7

22.2

55–64

16.0

16.1

16.9

17.3

65–74

20.7

21.5

21.1

21.1

75–84

26.3

26.6

25.5

24.6

85 and above

16.8

16.6

15.9

14.9

Cardiovascular

30.0

24.7

42.6

34.6

Respiratory

27.4

41.1

40.7

43.0

Neurologic

11.4

9.9

10.5

10.6

Hematologic

17.8

15.4

16.6

15.5

1.8

1.5

5.1

4.3

47.9

41.4

48.7

62.0

Age (%)

Organ dysfunction (%)

Hepatic
Renal
Mean number of organ
dysfunctions
Mean length of stay (d)
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1.38
11.5

1.36
10.9

1.68
14.1

1.89
13.8
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Angus et al (8) (905/100,000), Wang et al (12) (1,031/100,000),
Dombrovskiy et al (13) (300/100,000), and Martin et al (14)
(369/100,000). Yearly incidence varied as much as 3.5-fold
depending on the method used. The total number of cases
of severe sepsis nationally in 2009 ranged from 894,013 (13)
to 3,110,630 (14). Regardless of method, there was a steady
increase in the annual incidence (Fig. 2A) and average annual
percentage increase in the incidence was similar: 13.0% for
both Angus et al (8) and Wang et al (12) and 13.3% for both
Dombrovskiy et al (13) and Martin et al (14).
Mortality
We examined sepsis-associated mortality in two ways. We
describe the total number of deaths from sepsis, as well as
the case fatality rate. Mortality from severe sepsis varied

Figure 2. A, Incidence of severe sepsis by method over 6-year period.
B, In-hospital case fatality of severe sepsis by method. C, Total mortality of
severe sepsis by method.
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two-fold depending on the definition, ranging from 14.7%
(13) to 29.9% (14). Regardless of method used, there was an
annual decrease in the case fatality rate over the 6-year period
(Fig. 2B). A significant decrease in the relative mortality rate
(27.2% and 31.1%) was found over the study period using
the methods of Dombrovskiy et al (13) and Angus et al (8),
respectively. Total mortality increased yearly from 2004 to
2008 regardless of method used (Fig. 2C).

Organ Dysfunction
It is possible that the four methods of ICD-9 abstraction identified cohorts of patients with different levels of illness severity. Cases identified using each ICD-9 method were compared
by number of organ dysfunctions present. There was substantial variation in the percentage of patients with specific organ
dysfunctions, including cardiovascular, pulmonary, and renal
dysfunction depending upon capture technique. Regardless of
technique used, a strikingly high percentage of patients had
renal dysfunction (Fig. 3). Patients identified using the methods of Angus et al (8) and Wang et al (12) were more likely
to have single-organ system involvement (72.4% and 71.9%,
respectively) compared with cases found using the methods
of Martin et al (14) and Dombrovskiy et al (13) (47.8% and
47.3%, respectively). Conversely, the methods by Martin et al
(14) and Dombrovskiy et al (13) were more likely to identify
patients with four or more organ system involvement (9.5%
and 5.5%, respectively) compared with the alternative methods (2.1% [8], 1.9% [12]). There were a small percentage of
patients in the cohort identified using Wang et al (12) and
Dombrovskiy et al (13) (0.9% and 5.4%, respectively) that
only received a new ICD-9 code for severe sepsis (995.92) and
not a corresponding code for organ dysfunction.
Use of ICD-9 Codes for Sepsis, Severe Sepsis, and
Septic Shock
Using the new ICD sepsis codes introduced in 2002–2003, we
found an annual incidence of 231 cases of sepsis (995.91), 144
cases of severe sepsis (995.92), and 95 cases of septic shock (785.52)
per 100,000 over the 6-year period. For all sepsis codes, an annual
increase in use was observed (Fig. 4), the rate of which varied by
ICD-9 code: 22.3% for sepsis, 25.3% for severe sepsis, and 18.2%
for septic shock. In-hospital mortality rates were 10.6%, 36.9%,
and 42.2%, respectively. A minority of patients with severe sepsis
found using the four methods described above was assigned an
ICD-9 specifically designated for severe sepsis (Table 2). Patients
identified using the methods of Dombrovskiy et al (13) and Martin et al (14) were more likely to receive the ICD-9 code for severe
sepsis (48.1% and 36.9%, respectively) compared with patients
identified using the methods of Angus et al (8) and Wang et al
(12) (14.4% and 14.0%, respectively). It would be expected that
patients receiving the ICD-9 code for septic shock would also
receive an ICD-9 code for severe sepsis, yet (depending on the
severe sepsis methodology used) just between 51.4% and 56.6%
of such patients identified received both codes.
May 2013 • Volume 41 • Number 5
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although imperfect, has been
shown to be highly sensitive
for severe sepsis (23). Both
the methods by Martin et al
(14) and Angus et al (8) were
validated using small groups
of patients with documented
cases of severe sepsis from
within their own institution
(Martin et al) or from hospitals
included in the study (Angus
et al). Because both methods
were
internally
validated,
an explanation of the large
discrepancies in incidence and
mortality reported is required.
The difference, it appears, is
how severe sepsis is defined.
More inclusive definitions
(Angus et al [8] and Wang et al
[12]) capture more cases with
Figure 3. Number of organ dysfunctions by methods of International Statistical Classification of Diseases,
lower severity; more exclusive
9th Edition (ICD-9), abstraction.
definitions (Dombrovskiy et al
[13], Martin et al [14]) capture
DISCUSSION
fewer
cases
but
with
higher
severity.
Accurate estimates of epidemiologic trends in severe sepsis
Our work needs to be put into context of two studies examand septic shock are vital for public health researchers, clinical
ining
the incidence of severe sepsis in divergent populations.
investigators, and clinicians alike. In this study, we found
Wilhelms
et al (21) used modified versions of the methods by
that both incidence and mortality vary substantially using
Angus
et
al
(8) and Martin et al (14) to estimate the incidence
existing methods to identify severe sepsis. Previous prospective
of
severe
sepsis
in Sweden from 1987 to 2005. This study found
epidemiologic studies of severe sepsis were confined to
an
incidence
of
35 cases per 100,000 (Angus et al) and 13 cases
academic settings and are not suitable for generating national
per
100,000
(Martin
et al) in 2005 (8, 14). The incidence of
estimates and trends (4, 22). Retrospective use of ICD-9 codes,
severe sepsis reported in Sweden
is strikingly lower than that
reported in our U.S.-based study
(8). Despite this, similar to our
study, Wilhelms et al demonstrated a three-fold difference in
cases captured depending upon
the method used.
In a recent study, Lagu et al
(7) used a modified version of
the method by Dombrovskiy et
al (13) to generate national estimates of severe sepsis incidence
for the years 2003–2007. They
found a very similar incidence
(300 per 100,000) in 2007 as
we report using the method by
Dombrovskiy et al (13), lending support to the accuracy of
our methodology. Our study
expands these results using additional methods of patient capture and comparing variability
Figure 4. Use of International Statistical Classification of Diseases, 9th Edition, codes for sepsis (995.91),
severe sepsis (995.92), and septic shock (785.52).
between these methods.
Critical Care Medicine
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Table 2. Use of International Statistical Classification of Diseases, 9th Edition, Sepsis
Codes by Method
Severe Sepsisa (n)

995.92b (%)

785.52c (%)

785.52 Given 995.92d (%)

Angus et al (8)

12,267,065

14.4

10.4

56.6

Wang et al (12)

13,980,084

14.0

9.2

51.4

Dombrovskiy et al (13)

4,067,836

48.1

31.8

51.4

Martin et al (14)

5,001,750

36.9

25.0

53.6

Total number of patients with severe sepsis from Nationwide Inpatient Sample database using respective author’s method of International Statistical
Classification of Diseases, 9th Edition (ICD-9), code abstraction over 6-yr period (2004–2009).
b
Percentage of cases of severe sepsis using respective author’s method of ICD-9 code abstraction, who also received new severe sepsis code (995.92).
c
Percentage of cases of severe sepsis using respective author’s method of ICD-9 code abstraction who also received new ICD-9 code for septic shock (785.52).
d
Percentage of patients with ICD-9 code for septic shock, who also were assigned ICD-9 code for severe sepsis.
a

All four methods examined in our study utilized ICD-9
codes to pair patients with a diagnosis of infection to those
with acute organ dysfunction (8, 12–14). Although small differences exist in the ICD-9 codes used in the four cohorts for
organ dysfunction, there are large differences in the ICD-9
codes used for infection. Martin et al (14) and Dombrovskiy et
al (13) used narrow criteria to define infection, including septicemia, bacteremia, and disseminated fungal infection. Both
Angus et al (8) and Wang et al (12), however, employed a wider
range of infectious ICD-9 codes including those potentially
less severe such as pharyngitis, cholecystitis, pyelonephritis,
and candidiasis.
According to Angus et al (8), the national incidence of
severe sepsis in 1995 was estimated to be 751,000 cases, with an
expected annual increase of 1.5%. Given these estimates, one
would expect a national incidence of approximately 925,000
cases of severe sepsis in 2009, yet we found a incidence nearly
three times that (2.7 million) using their methods. Moreover,
a much higher percentage of annual increase was found using
all four methods (13.0% to 13.3%). It is likely that multiple
factors contribute to this rapid increase in incidence. First,
the U.S. population is aging with an increasing burden of
chronic disease. Second, initiatives such as the Surviving Sepsis
Campaign (24) likely contribute to increased awareness among
practicing clinicians, which led to a rise in diagnosis. Third,
coding for organ dysfunction may have increased for financial
reasons over the past decade. Finally, a recent study speculated
that use of electronic records that automatically calculate
clinical variables such as glomerular filtration rate may have
contributed to increased coding (7).
A decrease in the case fatality rate was observed using all
four abstraction methods. However, the actual number of
deaths (total mortality) from severe sepsis (using any definition) increased over the study period. In fact, by our most
conservative estimate, using the methods of Dombrovskiy et
al (13), there were 229,044 deaths from severe sepsis in 2009,
which would place severe sepsis as the third most common
cause of death in the United States, after heart disease and
malignant neoplasms (6).
As with our findings of increased incidence, we can only
speculate about the cause of the simultaneous decrease in
1172
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the case fatality rate. Improved recognition and coding of
subtle and less-severe cases may have increased incidence,
resulting in decreased mortality. It is also likely that clinical
advances including early goal-directed therapy and prioritization of early, appropriate antimicrobials (25, 26), in addition to highly publicized mortality reduction campaigns, play
a role (27). Finally, diagnostic “creep” in coding for sepsis has
been recognized for decades (28) and likely contributes to
the increasing incidence noted across capture methods in our
study.
ICD-9 codes for sepsis including 991.91, 991.92, and 785.52
for sepsis, severe sepsis, and septic shock, respectively, were
introduced in 2002 and 2003. To our knowledge, this is the first
study to explore the ability of all of these codes to benchmark
national incidence. Using existing methods to identify sepsis
in administrative data, only a minority of cases of severe sepsis
received the corresponding ICD-9 code. Cases identified using
the criteria of Martin et al (14) and Dombrovskiy et al were
more likely to receive proper ICD-9 coding, suggesting that
patients with increasing severity of illness were more likely to
have documentation by providers of severe sepsis. A patient
in septic shock by definition must also have severe sepsis. Yet
only 51.4% to 56.6% of patients given the septic shock code
(785.52) were also assigned the severe sepsis code (991.92).
This redundancy demonstrates the inherent confusion facing
coders. We speculate that physicians may neglect to document
severe sepsis in patients with septic shock.
Similarly, clinicians may fail to specifically document any
form of sepsis in patients with the disease. Some cases may
not receive ICD-9 codes necessary for capture by any of the
four methods. In one study, the reproducibility of diagnoses
assigned to ICU patients by the original clinicians vs. two external senior intensivists who reviewed the charts was found to be
poor to moderate (kappa = 0.25–0.52) but increased to moderate to substantial (kappa = 0.49–0.77) when limited to the codes
for septicemia and shock (29). We did observe an increased use
of the sepsis-specific codes over the study period, likely reflecting a lag as coders became accustomed to their use along with a
recognition that the new codes have a specificity that is lacking
from other codes for infectious etiologies. Given the paucity of
use of the new sepsis codes, our data suggest that they are at
May 2013 • Volume 41 • Number 5
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present ill-suited to generate national estimates, unless coupled
to ICD-9 codes for infection and organ dysfunction.
Our findings suggest the methods employed by Angus et al
(8) and Wang et al (12) identify a group of patients with a wide
spectrum of disease severity, which more accurately reflects
clinical experience with severe sepsis patients. Both Angus et al
(8) and Wang et al (12) employ a broader range of infectious
etiologies, which we believe more closely follows the American
College of Chest Physicians and Society for Critical Care
Medicine consensus definition of severe sepsis (3). However,
our data suggest that both Martin et al (14) and Dombrovskiy
et al (13) have identified a sicker cohort of patients with over
two-fold higher mortality, increased organ dysfunction, and
longer hospital length of stay. The fundamental issue raised by
these variations is the advantages and disadvantages of more
or less inclusive capture strategies for cases of severe sepsis. It is
informative that trends in the number of cases, the case fatality
rate, and the yearly mean increase are almost identical regardless of search technique, providing internal validity to the capture strategies and suggesting that the differences are primarily
in the inclusion or exclusion of less sick cases.
Increased recognition and novel therapeutic strategies have
led to a renewed focus by hospitals to improve outcomes in
patients with sepsis. There is considerable interest in sepsis
pathways, treatment bundles, and other methods to reduce
sepsis mortality. Many hospitals are implementing sepsis alerts
in an attempt to lower their sepsis mortality (30). Pay for performance initiatives akin to time to antibiotics for patients
with community-acquired pneumonia (31) could be developed to target clinical interventions for patients with severe
sepsis. Yet central to these efforts is a uniform definition of the
disease in question and a universal means by which to measure
outcomes. Consistent use of an acceptable proxy definition in
administrative databases would result in more reliable estimates of epidemiologic trends and the efficacy of clinical interventions. Without either a new data collection infrastructure
or an agreed upon use of administrative data, facilities will not
be able to uniformly report how many cases of sepsis are seen
annually or measure the impact of efforts focused on reducing
morbidity and mortality.
Although we provide the first national analysis benchmarking the incidence and case fatality rate of severe sepsis
using all recognized definitions, our study has limitations.
The NIS is the largest all-payer, publicly available inpatient database in the United States, but we are limited by
our inability to independently verify accuracy of hospital
codes. Factors such as preexisting organ dysfunction may
be inappropriately attributed to new or hospital-acquired
dysfunction. We are likewise unable to attribute in-hospital
mortality to severe sepsis, as some patients likely expired of
other causes, and the impact of do-not-resuscitate orders are
not available in our data or considered in our analysis. We
have excluded patients less than or equal to 18 years old, and
our comparisons to previous epidemiologic work should
be interpreted in that context, as Angus et al (8), Martin et
al (14) and Dombrovskiy et al (13) included patients of all
Critical Care Medicine

ages. Wang et al (12) used the clinical variables of ED triage
temperature and systolic blood pressure to identify patients
with severe sepsis. These variables are not available in the
NIS, and their absence may have led us to underestimate
the incidence of severe sepsis using their methods. Finally,
although we were able to analyze the NIS using four wellrecognized capture methodologies and to explore the use
of newer sepsis-specific ICD-9 codes, none of these is the
“gold standard” that can be used to analyze the sensitivity and specificity of each methodology. We have provided
a mean incidence calculated from the four methodologies,
which provides another estimate of annual incidence and
reflects a balance between inclusivity and exclusivity of capture techniques. The increase in total number of patients
captured using the sepsis-specific codes may reflect either a
true increase in incidence or an incremental increase in use
of the specific codes.

CONCLUSION
We show that national estimates of severe sepsis incidence and
mortality are highly variable depending on the method used,
and we offer the varying ranges of incidence and mortality in
an effort to benchmark the true national incidence and impact
of this life-threatening condition. Despite this variability, our
work sheds light on some important trends. National rates
of death from severe sepsis increased between 2004 and 2009
despite a decrease in the case fatality rate. We attribute this
to increasing recognition, more inclusive coding, as well as
the impact of novel interventions, on disease course. Further
use of administrative databases utilizing ICD-9 codes should
consider the differences between the methods described here.
Finally, as new consensus definitions develop that will likely
incorporate clinical variables, attention should be given to the
development of a consensus definition of severe sepsis using
administrative data for the purposes of national benchmarking
and public reporting.
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