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Abstract

Objective—To determine if the coding strategies used to identify severe sepsis in administrative
datasets could identify cases with comparable case mix, hospitalization characteristics, and
outcomes as a cohort of children diagnosed with severe sepsis using strict clinical criteria.

Methods—We performed a retrospective cohort study using data from 2005-2011 from the New
York and Florida State Inpatient Databases, available from the U.S. Healthcare Cost and
Utilization Project. We compared four coding strategies: the single ICD-9-CM codes for 1) severe
sepsis or 2) septic shock, and the algorithms developed by 3) Angus, et al. or 4) Martin, et al.
which use a combination of ICD-9-CM codes for infection and organ dysfunction. We compared
the cases identified by each strategy with each other and with children enrolled in the RESOLVE
trial.

Results—The Angus criteria was nine times larger (n=23,995) than the smallest cohort,
identified by the ‘septic shock’” code (n=2,601). Cases identified by the Angus and Martin
strategies had low mortality rates, while the cases identified by the ‘severe sepsis’ and “septic
shock’ codes had much higher mortality at all time points (e.g. 28-day mortality of 4.4% and 7.4%
vs. 15.4% and 16.0%, respectively). Mortality in the ‘severe sepsis’ and “septic shock’ code
cohorts was similar to that presented in the RESOLVE trial.

Conclusions—The ICD-9-CM codes for ‘severe sepsis’ and ‘septic shock’ identify smaller, but
higher acuity cohorts of patients that more closely resemble the children enrolled in the largest
clinical trial of pediatric severe sepsis to date.
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To date, epidemiologic investigation of pediatric severe sepsis using large, administrative
datasets has been hindered by variability in the definition of ‘severe sepsis’, yielding widely
varying estimates of incidence, mortality and long-term outcome.1=> Such disparate results,
in turn, have raised additional questions about these studies’ generalizeability and
applicability to populations of children diagnosed with severe sepsis via clinical criteria.
However, administrative datasets remain an efficient and cost effective means to study large
cohorts of severe sepsis patients over an extended period of time, revealing important
epidemiologic data that would take years and considerable expense to collect using
prospective cohorts of human subjects. For similar reasons, they are also uniquely suited to
studying rare conditions and outcomes. Given these advantages, it would be of significant
practical and scientific utility to identify a coding strategy that generates an administrative
dataset population of children with severe sepsis that has similar illness characteristics and
long-term outcomes as clinically identified populations of children with severe sepsis.

Recent epidemiologic studies of children with severe sepsis exemplify this problem. For
example, three recent studies of pediatric severe sepsis using three unique datasets and
coding strategies identified a prevalence among children hospitalized in the U.S. ranging
between 0.45% - 7.7% and an in-hospital mortality rate ranging from 6.8% - 21.2%.367
Much of this variation appeared to be related to coding strategy, with certain strategies
consistently identifying smaller, higher acuity patient populations than others. Only one of
these studies assessed outcomes past 28 days, but since no comparison was made to a
clinically identified population, it is unclear how their outcomes at one year might have
differed from a clinical cohort.® Weiss et al. compared a severe sepsis cohort developed with
administrative data to two clinically identified populations, and found significant
discrepancies in the case mix, PICU length of stay, and hospital costs.® However, the
administrative dataset cohort was identified using a pool of strategies and a large
combination of codes, making it difficult to know if certain coding strategies would have
been more comparable to the clinical cohorts than others.

Therefore, we conducted this study to determine if any of the commonly used coding
strategies to identify severe sepsis in administrative datasets could identify a pediatric
population with comparable case mix, hospitalization characteristics, short-term and long-
term outcomes as a prospective cohort of children diagnosed with severe sepsis using strict
clinical criteria. We selected four well-established and frequently used coding strategies to
compare, including: the single ICD-9-CM codes for 1) severe sepsis or 2) septic shock, and
the algorithms developed by 3) Angus, et al.1 and 4) Martin, et al.® which use a combination
of ICD-9-CM codes for infection and organ dysfunction. We compared the population of
children with severe sepsis identified by each strategy with each other and with children
diagnosed with severe sepsis in the RESOLVE trial.1% Conducted from November, 2002 -
April, 2005 in 18 countries, the RESOLVE trial randomized 477 pediatric severe sepsis
patients to treatment with activated drotrecogin alfa (n=240) or placebo (n=237).
Enrollment in the RESOLVE trial required demonstration of clinical criteria for severe
sepsis including suspicion or proven infection, cardiovascular and respiratory organ
dysfunction within the 12 hours prior to enrollment. For purposes of comparison with our
administrative dataset cohorts, we combined the placebo and study drug groups in the
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RESOLVE trial, and then compared the characteristics and outcomes of this prospective
cohort to the children identified by one or more of the four different coding algorithms.

Material and Methods

Data sources

To create our administrative dataset cohorts, we used the New York (NY) and Florida (FL)
State Inpatient Databases (SID) from 2005 to 2011 to identify cases of severe sepsis. The
SID are part of the collection of databases and software tools maintained by the Healthcare
Cost and Utilization Project (HCUP), sponsored by the Agency for Healthcare Research and
Quality (AHRQ). We specifically chose the NY and FL SID because they contain large,
diverse populations and include an encrypted patient identifier that permits researchers to
longitudinally follow pediatric patients over time. The SID contain basic demographic
information (age, sex, and race), ICD-9-CM discharge diagnoses, type and number of in-
hospital procedures, hospital length of stay, and discharge status for each hospitalization. For
our comparison clinical cohort, we used the data published in 2007 as part of the RESOLVE
trial, including baseline characteristics of the trial participants (study table 1) and clinical
outcomes (study table 3). Because we used only publically available, de-identified data, the
Washington University Institutional Review Board deemed this study to be exempt from
review.

Coding strategies

Analysis

To be consistent with the RESOLVE trial, we defined the study population as any patient <
18 years of age at the time of the first hospitalization for severe sepsis from 2005-2011. We
defined a severe sepsis case in the administrative dataset as any hospitalization coded for one
or more of our four coding algorithms: 1) severe sepsis (ICD-9-CM code 995.52), 2) septic
shock (ICD-9-CM code 785.52), 3) the criteria of Angus, et al.1 or 4) Martin, et al.? These
latter two methods use a combination of ICD-9-CM codes for infection and acute organ
dysfunction that are recognized to be consistent with severe sepsis. Briefly, the method used
by Angus and colleagues combines 1,286 distinct infection codes with an additional 13
codes for acute organ dysfunction in the cardiovascular, respiratory, neurologic,
hematologic, hepatic or renal systems.! The method used by Martin et al. uses only six
codes for sepsis or infection combined with an additional 32 codes for acute organ
dysfunction.® For the comparison clinical cohort, severe sepsis was defined by the
RESOLVE trial’s inclusion criteria: ‘a suspected or proven infection, and systemic
inflammation, sepsis-induced cardiovascular, and respiratory organ dysfunction within 12
hours before entering the study’.10

To focus on typical sepsis populations, we restricted analyses to hospitalizations in an acute-
care hospital with total length of stay of 180 days or less (this excluded only 1.2% of the
total population coded for severe sepsis by one of the four algorithms). To eliminate out-of-
state visitors who would be unlikely to have follow-up data, we restricted analyses to
patients who were residents of Florida or New York.
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To understand how the four administrative dataset cohorts compared, we first determined the
demographics, case mix, short-term outcomes and one-year mortality of the four
overlapping cohorts. We then developed several additional cohorts by 1) creating mutually
exclusive groups for each coding strategy, then 2) creating several additional cohorts through
combinations of the four coding algorithms. This permitted determination and comparison
of the demographics, infection groupings, and outcomes in the populations identified by
each strategy in total, uniquely by each strategy, and by combinations of codes.

To understand how the administrative cohorts compared to clinical patients, we then
compared the administrative dataset cohorts to the patients in the RESOLVE trial. Because
organ failure was identified and defined differently in the administrative datasets than the
clinical trial, we chose not to make direct comparisons of organ failure rates and severity.
Similarly, because the RESOLVE trial ended at 28 days, it was not possible to make a direct
comparison of one-year mortality between RESOLVE study patients and the administrative
dataset cohorts.

All categorical variables were compared using the Pearson Chi square test and mortality was
compared using Chi square, Kaplan-Meier plots, and log-rank tests. To account for repeated
comparisons, we defined statistical significance as a p-value < 0.0125 (0.05/4 different
comparisons). All data were analyzed using SAS Enterprise Guide version 7.1 (SAS, Cary,
NC) and STATA version 14 (Stata, College Station, TX).

Administrative dataset cohorts: case mix

Of the 3,013,028 pediatric hospitalizations in the New York and Florida SIDs between
2005-2011, we identified 25,389 admissions that met the criteria for severe sepsis by at least
one of the four coding strategies (Table 1). This corresponded to an overall prevalence of
0.84% of pediatric severe sepsis among hospitalized children. The coding strategy used by
Angus, et al. identified the largest cohort of patients (n=23,995, over three times larger than
the cohort identified by the Martin strategy and over seven times larger than the single
ICD-9-CM code strategies). All four cohorts had similar distributions of race, sex and age
(Table 1).

Overall, there was significant overlap in the cohorts identified by the four coding strategies:
over 80% of cases identified by the single ICD-9-CM codes for ‘severe sepsis’ and ‘septic
shock’ were also identified by the strategies used by Angus and Martin, and 86.4% of cases
identified by the Martin strategy were also identified by the Angus strategy (Figure 1). The
majority of cases identified by the Angus strategy (72.2%) were uniquely identified by that
method alone (Table 1). In contrast, only 12.9% of the Martin cohort was unique to that
strategy (n=954 cases), 6.9% of the ‘severe sepsis’ cohort was uniquely identified by that
code (n=219 cases) and only 3.9% of the ‘septic shock’ cohort was uniquely identified by
that code alone (n=88 cases). Perhaps due to the significant overlap, the cohort identified
uniquely by the Angus strategy had similar gender, age and racial distributions to the larger
parent cohort from which it derived (Table 1). However, markers of disease severity in the
Angus definition-only cohort indicated less organ dysfunction, less cardiovascular failure,
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and less renal failure than the larger parent cohort (Table 1). A similar pattern was seen in
the cohort identified uniquely by the Martin strategy, with no cases of cardiovascular or
renal failure in this group, compared to 33.3% (cardiovascular) and 13.8% (renal) in the
larger parent cohort from which they derived (Table 1).

The cohorts uniquely identified by the ‘severe sepsis’ and “septic shock’ codes were very
small and had different demographics than their parent cohorts, with a significantly higher
proportion of cases under one year old and many fewer adolescents (Table 1). In addition,
cases identified uniquely by the ‘severe sepsis’ code had much lower proportions of
cardiovascular, hepatic and respiratory failure than the parent cohort and a much lower
proportion of ‘bacteremia’ as their site of infection. Because cardiovascular failure is in the
definition of septic shock, all cases identified by the ‘septic shock’ code had cardiovascular
failure. However, the cohort uniquely identified by the “septic shock’ code had much smaller
proportions of cases with respiratory, hematologic and hepatic failure (Table 1).

Consistent with their parent cohorts, the 3,510 cases identified by both the Martin and Angus
strategies had predominantly one or two organs failing, a low proportion of cardiovascular
failure, a high proportion of respiratory failure, and a very high proportion of bacteremia as
the site of infection (Table 2). Only 80 cases were identified by both of the single code
strategies but neither the Angus or Martin strategies (‘severe sepsis’ AND ‘septic shock’,
Table 2). This cohort was much younger (mean age 0.6 yrs, £ 2.5 yrs) and much sicker than
any cohort identified by any single strategy or combination of strategies, with 48.8%
mortality during the index hospitalization. In contrast, the cohort identified by the presence
of the “‘severe sepsis’ code OR the ‘septic shock” code was relatively large (n=3,598) and
had severity of illness and distribution of organ failures most similar to the parent single
code cohorts and the group identified by all four coding strategies. Almost 8% (n=1,949) of
cases met criteria for severe sepsis by all four coding strategies. This group had the highest
proportion of adolescents of any strategy, had the highest proportion of multiple organ
dysfunction with 3 or more organs failing, and had very high proportions of cardiovascular,
hepatic and respiratory failure (Table 2).

Administrative dataset cohorts: short-term and one-year mortality

Among the original (overlapping) four administrative dataset cohorts, 14- and 28- day
mortality ranged between 11-16% for the cohorts identified by the ‘severe sepsis’ and ‘septic
shock’ codes, but was much lower in the cohorts identified by the Angus and Martin
strategies (Table 1). Mortality at 14 and 28 days was even lower (< 3%) in the cohorts
identified uniquely by the Angus and Martin strategies. In contrast, cases identified uniquely
by the “severe sepsis’ and ‘septic shock’ codes had same or higher mortality at all time
points compared to their parent cohorts, and nearly a third of patients uniquely identified by
the single code for “septic shock” had died by 14 days. Among the original (overlapping)
four administrative dataset cohorts, in-hospital mortality ranged from a low of 6.6% in those
identified by Angus, et al. to a high of 21.1% in the group identified by the ‘severe sepsis’
code (Table 1). The cases identified by both of the single code strategies but neither the
Angus or Martin strategies (“severe sepsis’ AND ‘septic shock”) had the highest mortality of
all the groups at all time points (Table 2).
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Among the original (overlapping) four administrative dataset cohorts, total mortality at one
year after hospital discharge ranged from a low of 8.8% among the cases identified by
Angus, et al. to a high in the single code cohorts of 23.5% (*severe sepsis’) and 24.0%
(“septic shock’). These differences in mortality were apparent almost immediately after
hospital discharge, with the majority of deaths occurring in the first two months after
hospital discharge (Figure 2). Only half of all the observed mortality in the cohorts identified
by Angus, et al. and Martin, et al. occurred within 28 days of presentation, whereas
approximately two-thirds of deaths in the “severe sepsis’ and “septic shock’ code cohorts
occurred in the same time frame (median time to death in these two groups was 16 days and
14 days, respectively). Mortality rates in the cases that met criteria for all four definitions
were comparable to those in the group identified by the combination of ‘severe sepsis’ or
‘septic shock’ codes (Table 2).

Comparison to patients in the RESOLVE trial

Compared to the RESOLVE trial, all four of the original (overlapping) administrative dataset
cohorts were older and more racially diverse (Table 1). Site of infection was also different in
the RESOLVE trial than in the four coding cohorts, with higher proportions of respiratory
and intra-abdominal infections and a concomitantly lower proportion of infection involving
‘other’ sites in the RESOLVE study patients (Table 1). In-hospital, 14- and 28-day mortality
in the RESOLVE trial (14.1% and 17.3%, respectively) was similar to that in both cohorts
identified by the single ICD-9-CM code strategies, but was higher than the mortality
identified by the Angus and Martin coding strategies Table 1).

DISCUSSION

Although ICD-9-CM diagnosis codes have been used extensively to identify patients with
severe sepsis in large datasets, we found that depending on the strategy used, the
characteristics and long-term outcomes of patients identified can vary quite widely. Over all,
we found that strategies that use single ICD-9-CM codes for ‘severe sepsis’ or ‘septic shock’
identify cohorts with organ failure and mortality rates most similar to children enrolled in
the largest clinical trial of pediatric severe sepsis to date, the RESOLVE trial. If the patients
enrolled in the RESOLVE trial are a true representation of pediatric severe sepsis patients
generally, then these single code cohorts appear to be good proxy populations based on the
characteristics we used for comparison. If the one-year mortality of clinically identified
sepsis patients is similar to that found in our ‘severe sepsis’ and ‘septic shock’ dataset
cohorts, then use of these codes in large datasets may be an efficient and cost-effective
means to study long-term outcomes for children with severe sepsis.

Unfortunately, we were unable to perform detailed comparison of the patient characteristics
of these administrative cohorts and the children in the RESOLVE trial. Therefore, how these
administrative cohorts compare on other characteristics, such as the frequency and severity
of underlying comorbidities, details of their hospital care, and other important clinical
variables remains unknown. In addition, the cohorts of children identified by single codes
for “severe sepsis’ and ‘septic shock’ are markedly smaller than the groups identified using
strategies that combine codes for organ failure and infection, which have been used
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extensively in the past to determine estimates of incidence and prevalence of severe sepsis in
children. A shift to preferential use of single code strategies in administrative data research
may result in the creation of cohorts that more closely resemble children included in clinical
trials, but simultaneously result in significant changes in the estimates of the epidemiology
of severe sepsis in children. From an epidemiologic perspective, the cohort we identified by
the combination of ‘severe sepsis’ OR “septic shock’ codes might be more useful, because it
maintained many of the characteristics of the individual parent cohorts but was larger.
Combining these codes, therefore, may provide clinically relevant case cohorts with less risk
of underestimating the size of the true septic population. Certainly, more information is
needed to understand the ways in which these patient populations compare and how we can
best move forward with epidemiologic studies of severe sepsis in children.

We also found that the risk of mortality after a hospitalization for severe sepsis in childhood
is substantial, and certainly well above population norms for children in the U.S.11 Due to
the inability of our dataset to capture any deaths outside of an inpatient admission, it is
possible that we have underestimated the true mortality rate. Work from other researchers
suggest that many pediatric deaths occur outside the inpatient setting, particularly in cases of
chronic disease with planned outpatient hospice care or severe trauma, where death is
declared in an emergency department without hospital admission.1213 These data suggest the
need for additional long-term studies to identify the true rates of post-discharge mortality
and the subsets of pediatric severe sepsis patients at risk for death in the year after hospital
discharge. Can these patients be identified at the time of their hospital discharge? Are there
modifiable factors that could be addressed to improve their long-term outcome? Large
datasets may be useful in exploring these questions, once we have determined the ideal
coding strategy and patient case-mix to identify these patients.

Although our study has many strengths, there are some limitations to acknowledge. First, we
used the RESOLVE trial as our clinical ‘gold standard’ for pediatric severe sepsis, but to be
included in the RESOLVE trial, patients had to have signs of systemic infection and require
mechanical ventilatory support. This established a mandatory frequency of respiratory
failure of 100%, which is not necessarily representative of the entire population of children
with severe sepsis. Indeed, respiratory failure was found in only 30-50% of patients in our
four original dataset cohorts. In addition, the RESOLVE trial excluded children with a
history of bone marrow transplantation, certain organ failures > 24-36 hours’ duration, and
significant thrombocytopenia.1? These conditions are likely associated with severe sepsis
and risk of mortality, and exclusion of these populations may affect the generalizability of
the RESOLVE trial and it’s utility as a gold standard.

Because we only used data from two east coast states, our results may not be generalizable
to the entire United States or to cohorts of children treated for life-threatening infections in
other countries. While we intentionally selected large, populous states to minimize this
concern, it is possible that a nationally representative dataset might have been more
generalizable. There are certainly data available from large clinical cohorts other than the
RESOLVE trial, such as those presented by Schlabach, et al. describing 11,574 children with
severe infections in Australia and New Zealand over a ten year period from 2002-2013.14
More detailed comparison of the clinical and hospitalization characteristics of of our proxy
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cohorts with the children in this and other studies may yield more information on the
generalizability of our study. Lastly, it is not possible to determine the exact cause of death
in the SID. Our mortality rates, while accurate, reflect all-cause mortality and not just that
attributable to severe sepsis. To our knowledge, however, clinical studies, the RESOLVE
trial included, also considered all-cause mortality in making final mortality calculations.
This makes our methods consistent with others.

CONCLUSIONS

The ICD-9-CM diagnosis codes for ‘severe sepsis’ and ‘septic shock’ identify smaller, but
higher acuity patients that more closely resemble the children enrolled in the largest clinical
trial of pediatric severe sepsis to date. Mortality continued to be higher than the general
pediatric population in the year after hospital discharge, indicating a need to understand
more about the causes and possible treatments for the late effects of sepsis in childhood.
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Figure 1. Pediatric Severe Sepsis Cases | dentified by Four |CD-9-CM Code Strategies
A total of 25,389 admissions included a diagnosis of severe sepsis by at least one of the four

coding strategies. The cohort identified by Angus, et al. was the largest (n=23,995, over
three times larger than the cohort identified by Martin, et al. and over seven times larger than
the cohorts identified by single ICD-9-CM codes). Almost 8% (n=1,949) of cases met
criteria for all four coding strategies.
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Figure 2. One-year Mortality for Pediatric Severe Sepsis Patients

Mortality in the year after hospital discharge ranged from a low of 8.8% among the cases
identified by Angus, et al. to a high in the single code cohorts of 23.5% (“severe sepsis’) and
24.0% (“septic shock’). The majority of deaths occurred in the first two months after hospital
discharge.
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