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ORIGINAL RESEARCH

How Well Do ICD-9-CM Codes Predict
True Congenital Heart Defects? A Centers
for Disease Control and Prevention-Based
Multisite Validation Project

Fred H. Rodriguez lll “/, MD; Cheryl L. Raskind-Hood “*/, MS, MPH; Trenton Hoffman “=', MS;
Sherry L. Farr “, PhD; Jill Glidewell, MSN, MPH; Jennifer S. Li "=, MD; Alfred D’Ottavio “*, BSE, BEE;
Lorenzo Botto, MD; Matthew R. Reeder =, MPH; Daphne Hsu “*/, MD; George K. Lui “*, MD;

Anaclare M. Sullivan "= MS; Wendy M. Book "=, MD

BACKGROUND: The Centers for Disease Control and Prevention’s Surveillance of Congenital Heart Defects Across the Lifespan
project uses large clinical and administrative databases at sites throughout the United States to understand population-based
congenital heart defect (CHD) epidemiology and outcomes. These individual databases are also relied upon for accurate cod-

ing of CHD to estimate population prevalence.

METHODS AND RESULTS: This validation project assessed a sample of 774 cases from 4 surveillance sites to determine the positive
predictive value (PPV) for identifying a true CHD case and classifying CHD anatomic group accurately based on 57 International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Chi-square tests assessed differences in PPV
by CHD severity and age. Overall, PPV was 76.36% (591/774 [95% ClI, 73.20-79.31]) for all sites and all CHD-related ICD-9-CM
codes. Of patients with a code for complex CHD, 89.85% (177/197 [95% Cl, 84.76-93.69]) had CHD; corresponding PPV es-
timates were 86.73% (170/196 [95% Cl, 81.17-91.15]) for shunt, 82.99% (161/194 [95% Cl, 76.95-87.99)) for valve, and 44.39%
(83/187 [95% Cl, 84.76-93.69)) for “Other” CHD anatomic group (X°=142.16, P<0.0001). ICD-9-CM codes had higher PPVs for
having CHD in the 3 younger age groups compared with those >64 years of age, (X?=4.23, P<0.0001).

CONCLUSIONS: While CHD /CD-9-CM codes had acceptable PPV (86.54%) (508/587 [95% ClI, 83.51-89.20]) for identifying
whether a patient has CHD when excluding patients with /CD-9-CM codes for “Other” CHD and code 745.5, further evalu-
ation and algorithm development may help inform and improve accurate identification of CHD in data sets across the CHD
ICD-9-CM code groups.

Key Words: birth defects m congenital heart defects m epidemiology m surveillance ® validation

ital heart defects (CHD) using administrative and
clinical data both rely on the diagnostic accuracy
of applying International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) and
International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) codes to detect CHD

Researoh and surveillance of patients with congen-

cases. Administrative data, commonly referred to as
claims data, are data created for the purpose of either
the billing of health care encounters or record keeping for
a health care system or an organization. ICD codes cap-
tured in administrative data may vary by medical practice,
health care system, and region; thus, it is unknown how
representative these ICD codes are for their intended
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CLINICAL PERSPECTIVE
What Is New?

Four US sites associated with the Centers for
Disease Control and Prevention’s Surveillance
of Congenital Heart Defects Across the Lifespan
project validated a sample of 774 cases with
International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) con-
genital heart disease (CHD) codes to assess
true CHD cases.

e The majority of cases were associated with true
CHD, though differences in positive predictive
value (PPV) were noted based on anatomic
complexity and ages of patients.

e (Cases with complex CHD codes, multiple CHD
codes, and age groups <65years of age had
greater PPV identifying true CHD.

What Are the Clinical Implications?

e |CD-9-CM codes can identify patients with
CHD in databases with high PPV for the com-
plex code group, but lower PPV in certain pa-
tient groups, particularly those aged >65years,
and with “Other” CHD ICD code group.

e When attempting to identify cases with CHD, the
presence of >1 CHD code increases the PPV for
a true CHD, at the expense of sensitivity.

e Development of algorithms is needed to im-
prove the identification of CHD cases in data-
bases across anatomic code groups and age
ranges.

Nonstandard Abbreviations and Acronyms

CDC Centers for Disease Control and
Prevention
eHR electronic health record

disease state. In a recent study conducted by Khan et
al. (2018), ICD-9-CM administrative codes extracted from
the electronic health record (eHR) of patients with various
types of CHD lesions seen at a large academic health
care system were <50% accurate (48.7% [95% Cl, 47%-—
51%)) at classifying those with a true CHD." However,
when only patients with moderate or complex CHD anat-
omy were included, the positive predictive value (PPV)
of having CHD increased to 77.2%, (95% Cl, 74%-81%).
When other factors like younger age, adult CHD, provider
type, and ECG, or echocardiogram were documented
at the CHD-related encounter, the C-statistic was 0.89
(95% CI, 0.88-0.90).! Correctly and consistently applied
definitions of CHD may increase the accuracy of CHD
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prevalence, health care use, and health outcomes of in-
dividuals living with CHD using administrative health care
data sets. However, prior studies have demonstrated that
some ICD-9-CM codes may be associated with false
positives and thus do not always reliably identify individu-
als who truly have CHD.'-®

In studies of CHD using publicly available data
sets like the National Inpatient Sample and the Kids’
Inpatient Database or administrative data sources, a
CHD case is typically defined by ICD-9-CM codes 745.
xx to 747.xx for classification and more recently ICD-
10-CM codes Q20 to Q28. While the range of these
codes is broad and inclusive, this code group contains
conditions that are not CHD, and thus, may include
individuals who do not have CHD, creating mislead-
ing conclusions and misinformation. Furthermore,
some codes in the CHD group may code for CHD,
but may commonly be used incorrectly, as for “rule
out” or normal variants. In particular, individuals with
1 CHD-related ICD-9-CM code —745.5 — are often
misclassified as having CHD. Frequently found in large
CHD administrative data sets and commonly included
in CHD literature, the ICD-9-CM code 745.5 (hereafter
referred to as “code 745.5”) is used for both secundum
atrial septal defect, a true CHD, and patent foramen
ovale, a normal variant and not considered a CHD,
seen in about 25% of the population.?

The current project aims to validate the extent to
which CHD-related ICD-9-CM codes correctly identify
CHD cases in administrative and clinical records by:
(1) confirming patients as having a true CHD; and (2)
classifying CHD anatomic grouping among those with
true CHD. We hypothesized that both individual CHD
codes and CHD anatomic groupings would have a
high PPV (>80%) for CHD that would vary by anatomic
group, but that coding errors would likely include pa-
tients who did not truly have a CHD.

METHODS

This analysis has been replicated by 2 independent
analysts. Because of the sensitive nature of the data
collected for this study, requests to access the data
set from qualified researchers trained in human subject
confidentiality protocols may be sent to the Centers for
Disease Control and Prevention (CDC) at jill.glidewell@
cdc.hhs.gov.

To improve upon CHD classification and as part of
the multiyear CDC-sponsored project Surveillance of
Congenital Heart Defects Across the Lifespan (CDC-
RFA-DD15-1506),° 4 sites reviewed the medical re-
cords of cases with CHD-related ICD-9-CM codes
identified from administrative data sources to calculate
the PPV of these codes (745.xx—747.xx) in correctly
identifying a case with CHD. Cases were ascertained
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by the presence of any CHD-related 745.xx to 747.xx
ICD-9-CM code documented in a health care encoun-
ter between January 1, 2011 and December 31, 2013.
Inclusion criteria defined a case having the presence
of any included ICD-9-CM code at any encounter,
regardless of how many encounters had CHD ICD-
9-CM codes. The ICD-9-CM codes to define the ICD
code-based anatomic groups were based on a hier-
archy of codes, complex>shunt and valve>shunt or
valve>"Other” CHD. The following codes were excluded
as they were determined to be reflective of conditions
other than true CHD: congenital heart block (746.86),
absent/hypoplastic umbilical artery (747.5), pulmonary
arteriovenous malformation (747.32), other anomalies
of peripheral vascular system (747.6x), and other spec-
ified anomalies of circulatory system (747.8x); these
codes were also excluded from the definition of CHD
in the prior surveillance methods paper.®® Cases with
code 745.5 without another included CHD /CD-9-CM
code were also excluded based on previous studies.?®
The Institutional Review Boards from Duke University in
North Carolina (NC), Emory University in Georgia (GA),
the New York State Department of Health (NY), and
University of Utah (UT) approved an analysis of deiden-
tified data to assess PPV of CHD-related /CD-9-CM
codes.® The requirement for informed consent was
waived by each site’s respective Institutional Review
Board. Eligible codes were classified into 1 of 5 CHD
anatomic groups: complex, shunts, valves, shunts and
valves, and “Other” CHD or non-specific defects®®
(Figure 1 and Data S1). Complex anatomy was based
on native anatomy and defined as heart defects char-
acterized by a recognized constellation of multiple spe-
cific defects which generally require intervention in the
first year of life. Specific defects grouped as “complex”
are defined in Data S1.58 A code-based hierarchy was
developed such that the presence of a complex code
designates the case as complex regardless of addi-
tional codes.® In the absence of a complex code, the
presence of both a shunt and valve code designated
“shunt and valve” group inclusion. The absence of
complex, shunt or valve codes and only “Other” CHD
anatomic group codes designated the case as belong-
ing to the “Other” CHD anatomic group (Figure 1).

Data and Procedures

Data from the 4 sites (GA, NC, NY, UT) over a 3-year
project period, 2011 to 2013, were used for this valida-
tion. A total of 800 cases were planned for the validation
study consisting of 200 cases from each of the 4 sites.
Each site selected 50 cases from 4 mutually exclusive
CHD anatomic groups as defined by the ICD code hi-
erarchy (Figure 1) based on native anatomy: complex,
shunt, valves, and “Other”, with each group further
stratified by age: 1 to 10years, 11 to 19years, 20 to
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B4 years, >64years (GA, NC, NY), or ages 11 to 19years
and 20 to 64 years (UT). Anatomic groups are described
in Figure 1 and Data S1. To ensure a comparable dis-
tribution of cases by age, the data set was stratified by
age group and a proportion was selected, based on
the age distribution of the larger cohort, into each of the
4 mutually exclusive anatomic groups (Figure 2). Only
those data sources where medical charts were accessi-
ble for review were eligible for inclusion. Cases identified
only in administrative data, but without clinical records
to review, were excluded. Of the total cases from the
larger CHD surveillance project, 69.4% of GA's cases,
36.7% of NC’s cases, 32.5% of NY’s cases, and 97.6%
of UT’s cases were eligible for medical chart review and
selection for the validation project.

During medical chart review, clinical investigators at
each site supervised the review of predetermined vari-
ables abstracted from eHRs and noted the presence/
absence of a true CHD based on review of CHD anat-
omy as determined by: (1) cardiac imaging, (2) clinical
diagnosis by an outpatient or inpatient encounter with
a pediatric or adult CHD provider, (3) CHD surgery, and
(4) autopsy report. Included in this review, clinical inves-
tigators evaluated: (1) CHD case (Yes/No), and (2) CHD
anatomic group correct (Yes/No). All available informa-
tion from the eHR (including any data before 2011 or
after 2013) was also used to confirm or refute the pres-
ence of CHD for each selected case. During chart re-
view, information on type of CHD recorded, number of
unigue CHD codes per case, diagnostic tests received
(ie, echocardiograms, cardiac catheterizations, cardiac
surgery), autopsy reports or clinic notes, as well as date
of diagnosis and type of provider who made the CHD
diagnosis was evaluated. Additionally, demographic
information including age, sex, race, and ethnicity was
abstracted. With respect to race, small sample size
for the “Other” race category necessitated this group
be combined with the “unknown” race group (“Other”
race includes American Indian/Alaskan Native, Asian,
native Hawaiian/Pacific Islander, and multi-racial).

The anatomic group of shunt and valve was ex-
cluded before case selection because it was assumed
that if the case had codes for both of these anatomic
groups, then the case was likely to be a true CHD
case. Cases with code 745.5 in isolation or in combi-
nation with 746.89 or 746.9 were also excluded given
the known poor PPV of these codes to represent a
true CHD.? A total of 26 cases were excluded from
analysis: 12 cases with code 745.5 in isolation or in
combination with 746.89 or 746.9 among the sites that
were found to be included in error after selection; 5
cases with both a shunt and valve diagnosis that were
also erroneously selected for validation; 3 cases that
did not have any clinical data to review; 3 cases that
were inadvertently reviewed twice; and lastly, 3 cases
whose only CHD code(s) were documented during
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Figure 1. ICD-9-CM code-based hierarchy for congenital heart defect classification by native CHD anatomy group.

*Based on hierarchy reported in Ref. [6]. Individuals aged 1 to 64years with documented congenital heart defects at health care
encounters, 5 US surveillance sites, 2011 to 2013. CHD indicates congenital heart defect; and ICD-9-CM, International Classification

of Diseases, Ninth Revision, Clinical Modification.

an encounter for a fetal echocardiogram defined by
the associated Current Procedural Terminology code
(Figure 2). CHD codes occurring during performance
of a fetal echocardiogram were excluded based on un-
published data showing that only 2.9% (4 out of 138)
of women who had a CHD code solely associated with
a fetal echocardiogram encounter actually had a true
CHD, whereas the majority of CHD diagnosis codes

J Am Heart Assoc. 2022;11:e024911. DOI: 10.1161/JAHA.121.024911

documented during fetal echocardiogram encounters
are intended for the fetus.

For GA, 200 cases, who resided in 1 of 5 metropolitan-
Atlanta counties (Clayton, Cobb, DeKalb, Fulton,
Gwinnett) and were seen at least once at 1 of 3 health
care systems with records available, were randomly se-
lected for review. For the 1-to 10- and 11- to 19-year-old
groups, 13 cases for each CHD anatomic class were
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Figure 2. Cohort constructions and exclusions by site and congenital heart defect type.*$

*ICD-9-CM code 745.5 was omitted from the shunt group as it is used to indicate secundum atrial septal defect and patent foramen
ovale, a normal variant. $“Other” congenital heart defect anatomic group consists of unspecific defects; congenital heart defect-
related /ICD-9-CM codes and their assigned CHD anatomic grouping are displayed in Data S1. GA indicates Emory University in
Georgia; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; NC, Duke University in North

Carolina; NY, New York State Department of Health; and UT, Utah.

selected, and for the 20- to 64- and >64-year-old groups,
12 cases for each anatomic class were selected. A total
of 195 validated GA cases were retained and contrib-
uted to the pooled analyses (Figure 2).

For NC, 200 cases, each with at least 2 encounters,
were randomly selected from eHRs at one data source
which captured patients with CHD statewide. Similar
to GA, 13 cases each for the 1- to 10- and 11- to
19-year-old groups, and 12 cases each for the 20- to
64- and >64-year-old groups were selected for review.
A total of 193 validated NC cases were included for
pooled analyses with other sites’ data (Figure 2).

NY’s sample of 200 cases was composed of pa-
tients who resided in 1 of 11 counties (Allegany,
Bronx, Cattaraugus, Chautauqua, Erie, Genesee,
Monroe, Niagara, Orleans, Westchester, Wyoming) in
NY and who had a health care encounter at 1 of 2
clinical data sources. NY, like GA and NC, randomly
selected 13 cases for each CHD anatomic class for 1-
to 10-year-olds and 11- to 19-year-olds, and 12 cases
for the 20- to 64-year-olds and >64-year-old groups. A
total of 191 NY cases were retained and contributed to
pooled analyses (Figure 2).
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In UT, data sources included eHRs from 2 health
care systems. While 200 CHD cases were randomly
selected and stratified by anatomic groupings with 50
in each category, these classes were further strati-
fied by 2 age groupings, 11- to 19-year-olds and 20-
to 64-year-olds, with 25 cases each. Although the
UT site did not collect data on individuals aged <10
or >64years, they contributed a total of 195 validated
cases to the pooled, multisite data set (Figure 2).

Statistical Analysis

PPVs for CHD were calculated overall, and by ana-
tomic group, site, and number of unique CHD codes
associated with a case. In addition, separate PPV
analyses were conducted by sex, race, ethnicity, age
group, and anatomic group. For age-specific analy-
ses, since UT did not contribute cases to the young-
est age group, 1- to 10-year-olds, or the oldest age
group category, >64-year-olds, UT was not included;
age-specific analyses included GA, NC, and NY only.
For age-specific analyses, PPV was first computed for
age groups by sites, and then, also calculated omitting





























































































































