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Abstract

Objectives—To evaluate accuracy of two established administrative methods of identifying
children with sepsis using a medical record review reference standard.

Study design—Multicenter retrospective study at six US children’s hospitals. Subjects were
children >60 days and <19 years of age were identified in four groups based on ICD9-CM codes:
(1) Severe sepsis/septic shock (Sepsis Codes); (2) Infection plus organ dysfunction (Combination
Codes); (3) Subjects without codes for infection, organ dysfunction, or severe sepsis; and (4)
Infection but not severe sepsis or organ dysfunction. Combination codes were allowed, but not
required within the Sepsis Codes group. We determined the presence of reference standard severe
sepsis according to consensus criteria. Logistic regression was performed to determine whether
addition of codes for sepsis therapies improved case identification.
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Results—130 of 432 subjects met reference standard definition of severe sepsis. Sepsis codes
had sensitivity 73% (95% CI 70-86), specificity 92% (95% CI 87-95), and positive predictive
value (PPV) 79% (95% CI 70-86). Combination codes had sensitivity 15% (95% CI 9-22),
specificity 71% (95% CI 65-76), and PPV 18% (95% CI 11-27). Slight improvements in model
characteristics were observed when codes for vasoactive medications and endotracheal intubation
were added to sepsis codes (c-statistic 0.83 vs. 0.87, p=0.008).

Conclusions—Sepsis specific ICD9-CM codes identify pediatric patients with severe sepsis in
administrative data more accurately than a combination of codes for infection plus organ
dysfunction.
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Methods

Pediatric sepsis syndrome is a leading source of morbidity, mortality, and health care costs
in children in the United States.(1) Accurate estimates of pediatric sepsis epidemiology are
essential to ensure appropriate resource allocation, and develop appropriate benchmarking
metrics. To generate these estimates, investigators have relied on International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD9-CM) codes to
identify cases of pediatric severe sepsis and septic shock in large administrative databases.
(4-8)

Reliance on ICD9-CM codes poses challenges (9). We recently reported differing mortality
estimates in pediatric severe sepsis and septic shock when two established ICD9-CM based
coding methodologies were used to identify patients with sepsis.(9) In this prior study,
subjects identified using sepsis-specific ICD9-CM codes developed in 2003 for severe sepsis
(995.92) and septic shock (785.52) had 2.5 fold higher mortality compared with subjects
identified using ICD9-CM codes for infection combined with codes for organ dysfunction.
(9) Similar findings have been reported in adults.(10)

The accuracy of these ICD-9-CM coding strategies to identify pediatric patients with severe
sepsis or septic shock as defined by international consensus definitions is not known. It is
also unclear if additional elements available in administrative data sets could improve upon
current ICD9-CM based strategies. In adults with sepsis, a model that included
demographics, comorbidities, and treatments in the first two days of hospitalization; which
compared favorably with consensus definitions.(11) Similar algorithmic analyses have
proven useful in other pediatric illnesses such as pneumonia and urinary tract infection.(12,
13) Our objectives were to assess the performance of ICD9-CM coding strategies to identify
severe sepsis and septic shock as defined by international consensus criteria.

This multicenter retrospective study used the Pediatric Health Information System (PHIS)
database to identify children from six tertiary care, freestanding children’s hospitals. The
institutional review board at each hospital approved the study.
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Patients were randomly selected if they were aged >60 days to < 19 years, were admitted to
a participating hospital from January 1, 2012, to December 31, 2012, and met criteria for
one of four study groups: 2 groups with ICD9-CM based sepsis codes, and 2 control groups.
The sepsis code groups were: (1) patients with ICD9-CM codes for severe sepsis (995.92) or
septic shock (785.52), (Sepsis Codes group); and (2) patients with ICD9-CM codes for
infection plus organ dysfunction as has been previously published(5, 7, 8) (Combination
Codes group; Table I available at www.jpeds.com). Because the diagnosis of severe sepsis
or septic shock is reliant upon having infection and organ dysfunction, combination codes
were allowed within the Sepsis Codes group. However, for the Combination Code patients,
in order to specifically test the accuracy of combination codes in the absence of sepsis
specific codes, sepsis code patients were excluded from this group. ICD9-CM codes were
taken from hospital discharge diagnoses. Control groups were: 1) patients without ICD-9-
CM codes for sepsis, infection, or organ dysfunction matched by date of hospital admission
to cases in the Sepsis Codes group (Control group 1); and 2) patients with ICD-9-CM codes
for infection but not organ dysfunction who were matched to cases in the Sepsis Code group
by intensive care or inpatient floor admission status (Control group 2). Because we were
concerned that classification of children that died may be different, we employed a stratified
sampling scheme, sampling mortalities to non-mortalities at a rate that would preserve the
mortality rate in each group. We based our sample size on the positive predictive value
(PPV) of sepsis ICD9-CM codes. With an assumption of a PPV of sepsis codes of 75%, to
achieve a 95% confidence interval with a half width of 0.05, each of the four groups
required 100 subjects. Infants <61 days were excluded.

There were two data sources used for this study: the PHIS database and medical record
review. The PHIS database, which contains clinical and billing data for 44 tertiary care
children’s hospitals, was used to identify participants. Data quality processes have been
described elsewhere. (14) Medical record data were extracted by trained investigators, at
each site, blinded to study group assignment, and entered into a web-based data collection
system.(15) The reference standard was severe sepsis or septic shock as defined by
International Consensus Criteria based on detailed medical record review.(3) Severe sepsis
was present if subjects had vital signs and white blood cell count which qualified them for
the systemic inflammatory response syndrome (SIRS), concern for infection defined as the
presence of clinical testing for an infectious source (bacterial testing, viral testing, or
radiographic studies specifically to evaluate for infection), and evidence of at least two
organ system dysfunctions or the presence of Acute Respiratory Distress Syndrome in the
absence of cardiovascular dysfunction as previously defined.(3) Septic shock was defined as
SIRS plus concern for infection and cardiovascular dysfunction. We conducted two
sensitivity analyses with more inclusive reference standards: 1) SIRS, concern for infection,
and evidence of at least one organ system dysfunction, and 2) removing the requirement for
fluid resuscitation prior to assessment of cardiovascular function. Training to apply
consensus sepsis definitions was provided during pre-study conference calls. Each site
conducted pilot testing of the instrument, and changes were made by consensus to ensure
common understanding. At sites with more than one reviewer, 2 investigators reviewed 3
pilot cases in full and achieved 100% agreement in sepsis severity determination prior to the
beginning of full chart abstraction. Medical record review followed this process: the entire
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hospitalization was reviewed to determine an “event day,” the first day of the most severe
category of septic shock, severe sepsis, sepsis, or concern for infection. If none were present,
the day with the most abnormal vital signs was chosen. Data abstraction was then limited to
the “event day” and the following hospital day. At sites with more than 1 reviewer, both
reviewed 10% of records, and agreement was determined by Kendall’s Coefficient of
Concordance. Biweekly conference calls allowed discussion of de-identified cases with
questionable application of consensus definitions and final determination was by consensus.

Data Analyses

Results

Summary statistics used proportions for categorical variables and median and interquartile
range for continuous variables. Comparisons used chi-squared tests for categorical and
Kruskal-Wallis tests for continuous variables. To determine the performance of each ICD9-
CM based identification strategy for sepsis, we calculated PPVs utilizing the reference
standard outcome. To determine whether we could improve Sepsis Code performance, we
selected a priori administrative variables associated with sepsis diagnosis and care (Table II;
available at www.jpeds.com) Candidates were generated from a random forest that included
indicator variables for every ICD-9 diagnosis code, procedure code, lab, image, and
pharmaceutical. One thousand conditional inference trees were fit to bootstrap samples, and
aggregated by averaging observation weights. Conditional variable importance was used to
select candidate variables. This was performed using the ‘Party’ package for R v.3.2.(16-18)
We tested the association of these variables with the reference standard using logistic
regression.(19) Subjects were randomly allocated into derivation (80%) and validation
(20%) groups. Statistics other than model development were performed using SAS v. 9.3
(SAS Institute, Cary, NC), and p-values<0.05 were considered significant.

A total of 431 medical records were randomly selected from across the six sites with 120
patients from the sepsis-specific ICD-9-CM (Sepsis Code) group, 106 patients from the
combined infection plus organ dysfunction ICD-9-CM (Combination Code) group, 102 from
control group 1, and 103 from control group 2 (Figure; available at www.jpeds.com). Of the
130 subjects who met international consensus criteria (i.e. the reference standard) for severe
sepsis or septic shock, 95 had ICD9-CM codes for severe sepsis or septic shock (sepsis
codes), 19 had ICD9-CM codes for infection plus organ dysfunction (combination codes),
and 16 had neither ICD9-CM codes for sepsis nor for infection plus organ dysfunction.
There were no significant differences between the Sepsis Code group, Combination Code
group, and control groups with regards to sex, race, or payor. There were differences
between the four groups with regards to age distribution, presence of complex chronic
conditions, and hospital length of stay (Table 111). Kendall coefficient of concordance was
performed on 10% of records at sites with more than one reviewer to determine consistency
of medical record review and was 0.87 for sepsis severity as compared with reference
standard determination. Concordance for additional organ dysfunction determination is
shown in Table IV (available at www.jpeds.com).
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Sepsis Codes had the following test characteristics: sensitivity 73% (95% CI 70-86),
specificity 92% (95% CI 87-95), and positive predictive value (PPV) 79% (95% CI 70-86).
Combination Codes had sensitivity 15% (95% CI 9-22), specificity 71% (95% Cl 65-76),
and PPV 18% (95% CI 11-27; Table V). Test characteristics of each identification method
using a more inclusive reference standard for severe sepsis (SIRS + concern for infection +
at least 1 organ system dysfunction) are also reported in Table V. We also determined that a
small proportion (6%) of the study sample had either hypotension or vasoactive medication
utilization without receiving 40 ml/kg of fluid and qualified as septic shock using the
Pediatric Advanced Life Support (PALS) reference standard. We have reported the test
characteristics by study site in Table VI (available at www.jpeds.com). Although we were
not powered to determine difference in diagnostic code performance by site, Sepsis Codes
had higher PPV, sensitivity, and specificity than Combination Codes for the reference
standard at all sites.

In the base model using only diagnostic codes, the presence of a severe sepsis ICD9-CM
(995.92) code was strongly associated with reference standard for severe sepsis or septic
shock (OR 28.8 [95% CI 15.6-53.1]; Table VII). Because all subjects with an ICD9-CM
code for septic shock (785.52) also had a code for severe sepsis (995.92), the septic shock
code was not included in the model as a separate variable. We then added the predetermined
administrative sepsis care variables (Table 1) to assess improvement in performance of the
model. In the adjusted model, the severe sepsis code (995.92) remained the strongest
association with the outcome (OR 21.8, (95% CI 11.1-42.6)). Model performance improved
slightly (c-statistic increased from 0.83 to 0.87, p=0.008) with the addition codes for
administration of vasoactive agents and insertion of an endotracheal tube (Table VII). Test
characteristics for reference standard sepsis determination using the model with
administrative plus billing data for case identification are also shown in Table VII.

Discussion

We found that sepsis specific ICD9-CM codes identified pediatric patients with severe
sepsis or septic shock based on a strict reference standard in an administrative data set more
accurately than a combination of ICD9-CM codes for infection plus organ dysfunction. We
have previously shown important differences in pediatric severe sepsis prevalence, resource
utilization, and outcomes in two cohorts of patients identified using these distinct ICD9-CM
based identification strategies. (9) Taken together, our previous and current study indicate
that the true mortality rate for pediatric sepsis is likely closer to the higher mortality rate
found in patients identified using sepsis codes as opposed to the lower rate found using
combination codes (21.2% vs. 8.2%). We found that over 80% of subjects identified using
the combination code method did not have severe sepsis or septic shock as determined by
medical record review, raising concerns that epidemiologic studies using this method may
be overestimating severe sepsis prevalence and underestimating resource utilization and
mortality.

We also evaluated if components of sepsis care available in administrative data would
improve the accuracy of sepsis codes alone to identify pediatric patients with severe sepsis
or septic shock. Although we found a small benefit of adding administrative codes for
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vasoactive medications and endotracheal tube insertion, the most predictive element in our
model was the ICD9-CM code for severe sepsis, 995.92. This code was not yet available
when the Combination Code strategy was developed.(8, 9) Use of the Combination Code
strategy may explain the lower mortality rates in the previously described populations. We
were interested to find that adding codes for infectious testing decreased the accuracy of the
model (AOR 0.3, 95% C1 0.1, 0.9), although the upper bound of the 95% CI was close to 1.
We feel that this is most likely due to the fact that infectious testing is sent on a wide variety
of patients, many of whom do not have severe sepsis.

There are several limitations to this study. First, there may be temporal trends in diagnostic
coding for sepsis that we did not identify given the one year study period. Second, there may
be misclassification bias to identification of patients with sepsis using ICD9-CM based
identification algorithms. In order to identify patients with reference standard sepsis that did
not have an ICD9-CM code related to sepsis or organ dysfunction, we selected two groups
of control patients: one in which we attempted to enrich for possible sepsis patients by
including patients in the intensive care unit with ICD9-CM codes for infection but not sepsis
or organ dysfunction, as well as a second control group of patients who were matched to
case patients based on date of hospital admission. In addition, we masked reviewers to group
assignment to decrease any potential for systemic bias. Third, the generalizability of our
findings may be limited as study sites were academic children’s hospitals, and it is possible
that sepsis coding practices are different than at general community hospitals. Future studies
using a nationally representative patient sample would help to address these concerns.
Fourth, we utilized as our reference standard the definitions of severe sepsis determined by
Goldstein(3), which require either dysfunction of 2 organ systems or cardiovascular
dysfunction or ARDS alone to meet criteria for severe sepsis or septic shock. It is possible
that we could have found different results had we used more inclusive definitions of severe
sepsis/septic shock. To address these possibilities, we performed two sensitivity analyses
with more liberal reference definitions and found similar results. Finally, we do not know
how the remapping of ICD-9 to ICD-10 codes will influence the accuracy of sepsis coding;
results from this study may not be applicable.

It is critical to point out that although we demonstrate that ICD-9 sepsis codes are more
accurate than infection plus organ dysfunction combination codes, the test characteristics
determined in this study highlight the challenges of identifying sepsis patients using
administrative data alone. Despite these challenges, the ability to utilize administrative data
to describe trends in pediatric sepsis is critically important, particularly given the growing
national spotlight on sepsis care. Our findings will allow more accurate assessment of
pediatric sepsis epidemiology, resource utilization, and outcomes using administrative data.
These estimates are essential to facilitate equitable distribution of resources, assignment of
research priorities, and uniform benchmarking of quality metrics across geographic regions
and health care systems.
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Cl Confidence interval

ICD9-CM International Classification of Diseases, Ninth Revision, Clinical
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ICD-10 International Classification of Diseases, Tenth Revision

kg Kilogram

ml Milliliter

NPV Negative Predictive Value

OR Odds ratio

PALS Pediatric Advanced Life Support

PHIS Pediatric Health Information System

PPV Positive predictive value

ROC Receiver operating characteristic

SIRS Systemic Inflammatory Response Syndrome

us United States
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PHIS subjects
61 days-18 years old
6 participating sites
January 1- December 31, 2012

Random selection for sepsis groups at each site l Control groups selected to match sepsis groups

Sepsis code Combination Control Control
group code group group 1 group 2
n=120 n=106 n=102 n=103

l

Medical record review:
determination of sepsis
severity based on reference
standard

Figure. Schema of study process
Sepsis code group is subjects with ICD9-CM codes for severe sepsis or septic shock.

Combination code group is subjects with ICD9-CM codes for infection plus organ
dysfunction. Control group 1 is subjects without ICD9-CM codes for sepsis, infection, or
organ dysfunction matched to sepsis code subjects on date of hospital admission. Control
group 2 is subjects with ICD9-CM codes for infection but not sepsis or organ dysfunction
matched to the sepsis code group based on admission status to the intensive care unit or
regular inpatient floor. Medical record review was performed blind to group assignment.
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ICD-9 CM codes used to identify infection and organ dysfunction.

Table 1

1CD-9-CM codes for infection

ICD-9-CM Code? | Description

001 Cholera

002 Typhoid/paratyphoid fever

003 Other salmonella infection

004 Shigellosis

005 Other food poisoning

008 Intestingal infection not otherwise classified
009 11l-defined intestinal infection
010 Primary tuberculosis infection
011 Pulmonary tuberculosis

012 Other respiratory tuberculosis
013 Central nervous system tuberculosis
014 Intestinal tuberculosis

015 Tuberculosis of bone and joint
016 Genitourinary tuberculosis

017 Tuberculosis not otherwise classified
018 Miliary tuberculosis

020 Plague

021 Tularemia

022 Anthrax

023 Brucellosis

024 Glanders

025 Melioidosis

026 Rat-bite fever

027 Other bacterial zoonoses

030 Leprosy

031 Other mycobacterial disease

032 Diphtheria

033 Whooping cough

034 Streptococcal throat/scarlet fever
035 Erysipelas

036 Meningococcal infection

037 Tetanus

038 Septicemia

039 Actinomycotic infections

040 Other bacterial diseases
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1CD-9-CM codes for infection

ICD-9-CM Code?

Description

041 Bacterial infection in other diseases not otherwise specified
090 Congenital syphilis

091 Early symptomatic syphilis

092 Early syphilis latent

093 Cardiovascular syphilis

094 neurosyphilis

095 Other late symptomatic syphilis

096 Late syphilis latent

097 Other and unspecified syphilis

098 Gonococcal infections

100 Leptosprosis

101 Vincent’s angina

102 Yaws

103 Pinta

104 Other spirochetal infection

110 Dermatophytosis

111 Dermatomycosis not otherwise classified or specified
112 Candidiasis

114 Coccidioidomycosis

115 Histoplasmosis

116 Blastomycotic infection

117 Other mycoses

118 Opportunistic mycoses

320 Bacterial meningitis

322 Meningitis, unspecified

324 Central nervous system abscess

325 Phlebitis of intracranial sinus

420 Acute pericarditis

421 Acute or subacute endocarditis

451 Thrombophlebitis

461 Acute sinusitis

462 Acute pharyngitis

463 Acute tonsillitis

464 Acute laryngitis/tracheitis

465 Acute upper respiratory infection of multiple sites/not otherwise specified
481 Pneumococcal pneumonia

482 Other bacterial pneumonia

485 Bronchopneumonia with organism not otherwise specified
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1CD-9-CM codes for infection

ICD-9-CM Code?

Description

486 Pneumonia, organism not otherwise specified
491.21 Acute exacerbation of obstructive chronic bronchitis
494 Bronchiectasis

510 Empyema

513 Lung/mediastinum abscess

540 Acute appendicitis

541 Appendicitis not otherwise specified

542 Other appendicitis

562.01 Diverticulitis of small intestine without hemorrhage
562.03 Diverticulitis of small intestine with hemorrhage
562.11 Diverticulitis of colon without hemorrhage
562.13 Diverticulitis of colon with hemorrhage

556 Anal and rectal abscess

567 Peritonitis

569.5 Intestinal abscess

569.83 Perforation of intestine

572 Abscess of liver

572.1 Portal pyemia

575.0 Acute cholecystitis

590 Kidney infection

597 Urethritis/urethral syndrome

599.0 Urinary tract infection not otherwise specified
601 Prostatic inflammation

614 Female pelvic inflammation disease

615 Uterine inflammatory disease

616 Other female genital inflammation

681 Cellulitis, finger/toe

682 Other cellulitis or abscess

683 Acute lymphadenitis

686 Other local skin infection

711.0 Pyogenic arthritis

730 Osteomyelitis

790.7 Bacteremia

996.6 Infection or inflammation of device/graft

998.5 Postoperative infection

999.3 Infectious complication of medical care not otherwise classified
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1CD-9-CM codes used to identify organ dysfunction

ICD-9-CM Code?

Description

785.5

Shock without trauma

458 Hypotension

96.7 Mechanical ventilation

348.3 Encephalopathy

293 Transient organic psychosis

348.1 Anoxic brain damage

287.4 Secondary thrombocytopenia

287.5 Thrombocytopenia, unspecified
286.9 Other/unspecified coagulation defect
286.6 Defibrination syndrome

570 Acute and subacute necrosis of liver
573.4 Hepatic infarction

584 Acute renal failure

ICD-9-CM, International Classification of Disease, Ninth Revision, Clinical Modification

a\Nhere 3 or 4 digit codes are listed, all associated subcodes were included

ICD-9-CM, International Classification of Disease, Ninth Revision, Clinical Modification

aWhere 3 or 4 digit codes are listed, all associated subcodes were included
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The potential list of candidates for the multivariable model in Table 3 was generated from a random forest
model. Candidate variables for inclusion in the multivariable model were generated from a random forest that
included indicator variables shown above for every ICD-9 diagnosis code, procedure code, lab, image, and
pharmaceutical. 1000 conditional inference trees were fit to bootstrap samples, and aggregated by averaging
the observation weights. Conditional variable importance was used to select candidate variables. This was

Table 2

performed using the ‘Party’ package for R v.3.2.

Factors Considered for model

Antibiotics

120000 Anti-infective agents

Fluids

146218 Sodium Chloride

Blood products

99.04 transfusion of pRBC

99.05 transfusion of platelets

99.06 transfusion of coagulation factors
99.08 transfusion of blood expander

Vasoactive Agents

131311 dopamine
131305 dobutamine
131321 epinephrine
131111 milrinone
131351 norepinephrine

Infectious testing

361100 Bacterial cultures, unspecified (includes aerobic and anaerobic from any source)
361200 Bacterial test, unspecified (antibody and PCR based tests

362000 Yeast and fungi, unspecified

363000 Parasites, unspecified

364000 Viruses, unspecified

Other lab testing (Lactate, Blood Gas)

313300 Lactate
311100 Blood gas

Radiology

87.44 Chest X-ray

Procedures

38.91 arterial catheterization

38.97 central venous catheter placement with guidance

39.65 ECMO

89.61 systemic arterial pressure monitoring

89.62 central venous pressure monitoring

93.90 non-invasive mechanical ventilation

96.70-96.72 continuous invasive mechanical ventilation

96.04 insertion of endotracheal tube

Diagnoses

995.92 Severe sepsis

785.52 Septic shock

038.9 Unspecified septicemia

287.5 Thrombocytopenia, unspecified

518.81 Acute respiratory failure

276.2 Acidosis

276.69 Other fluid overload

255.41 Glucocorticoid deficiency

J Pediatr. Author manuscript; available in PMC 2016 December 01.
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Table 4

Page 17

Kendall’s coefficient of correlation and percent agreement for organ dysfunction determination in 10% of
medical records reviewed by 2 investigators

Kendall’s coefficient of correlation

% Agreement

Cardiovascular Dysfunction 69.7 91.3
ARDS 100 100
Respiratory Dysfunction 77.6 95.7
Hematologic Dysfunction 100 100
Neurologic Dysfunction 100 100
Renal Dysfunction 100 100
Hepatic Dysfunction 100 100
Sepsis Severity Categorization 68.9 82.6
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