
Assessing Pregnancy, Gestational Complications, and Co-
morbidities in Women With Congenital Heart Defects (Data from 
ICD-9-CM Codes in 3 US Surveillance Sites)

Cheryl Raskind-Hood, MPH, MSa, Anita Saraf, MD, PhDa, Tiffany Riehle-Colarusso, MD, 
MPHb, Jill Glidewell, MSN, MPHb, Michelle Gurvitz, MD MSc, Julie E. Dunn, PhDc, George K. 
Lui, MDd, Alissa Van Zutphen, PhDe,f, Claire McGarry, MPHe, Carol J. Hogue, PhD, MPHa, 
Trenton Hoffman, MSa, Fred H. Rodriguez III, MDa, Wendy M. Book, MDa,*

aEmory University School of Medicine and Rollins School of Public Health, Atlanta, Georgia

bNational Center on Birth Defects and Developmental Disabilities, Centers for Disease Control 
and Prevention, Atlanta, Georgia

cMassachusetts Department of Public Health, Boston, Massachusetts

dStanford University School of Medicine, Stanford, California

*Corresponding author: Tel: 404-778-5545; fax: 404-778-5035. wbook@emory.edu (W.M. Book).
Authors’ contributions
Cheryl Raskind-Hood, MPH, MS: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; 
Methodology; Project administration; Resources; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - 
review & editing.
Anita Saraf, MD, PhD: Conceptualization; Investigation; Methodology; Project administration; Resources; Software; Supervision; 
Visualization; Roles/Writing - original draft; Writing - review & editing.
Tiffany Riehle-Colarusso, MD, MPH: Conceptualization; Investigation; Methodology; Project administration; Resources; 
Supervision; Visualization; Roles/Writing - original draft; Writing - review & editing.
Jill Glidewell, MSN, MPH: Conceptualization; Investigation; Methodology; Project administration; Resources; Supervision; 
Validation; Visualization; Roles/Writing - original draft; Writing - review & editing.
Michelle Gurvitz, MD, MS: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; 
Project administration; Resources; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review & editing.
Julie E. Dunn, PhD: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project 
administration; Resources; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review & editing.
George K. Lui, MD: Conceptualization; Data curation; Funding acquisition; Investigation; Methodology; Project administration; 
Resources; Validation; Roles/Writing - original draft; Writing - review & editing.
Alissa Van Zutphen, PhD: Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; 
Supervision; Validation; Roles/Writing - original draft; Writing - review & editing.
Claire McGarry, MPH: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project 
administration; Supervision; Validation; Roles/Writing - original draft; Writing - review & editing.
Carol J. Hogue, PhD, MPH: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; 
Project administration; Resources; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review & editing.
Trenton Hoffman, MS: Conceptualization; Formal analysis; Methodology; Project administration.
Fred H. Rodriguez III, MD: Conceptualization; Data curation; Investigation; Methodology; Project administration; Resources; 
Supervision; Visualization; Roles/Writing - original draft; Writing - review & editing.
Wendy M. Book, MD: Conceptualization; Data curation; Funding acquisition; Investigation; Methodology; Project administration; 
Resources; Supervision; Visualization; Roles/Writing - original draft; Writing - review & editing.

DCDD Replication Statement
This analysis has undergone replication by Trenton Hoffman.

Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of 
the Centers for Disease Control and Prevention.

Supplementary materials
Supplementary material associated with this article can be found in the online version at https://doi.org/10.1016/
j.amjcard.2019.12.001.

Disclosures
The authors have no conflicts of interest to disclose.

HHS Public Access
Author manuscript
Am J Cardiol. Author manuscript; available in PMC 2020 September 16.

Published in final edited form as:
Am J Cardiol. 2020 March 01; 125(5): 812–819. doi:10.1016/j.amjcard.2019.12.001.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://doi.org/10.1016/j.amjcard.2019.12.001
https://doi.org/10.1016/j.amjcard.2019.12.001


eNew York State Department of Health, Albany, New York

fUniversity at Albany School of Public Health, Rensselaer, New York.

Abstract

Improved treatment of congenital heart defects (CHDs) has resulted in women with CHDs living 

to childbearing age. However, no US population-based systems exist to estimate pregnancy 

frequency or complications among women with CHDs. Cases were identified in multiple data 

sources from 3 surveillance sites: Emory University (EU) whose catchment area included 5 

metropolitan Atlanta counties; Massachusetts Department of Public Health (MA) whose 

catchment area was statewide; and New York State Department of Health (NY) whose catchment 

area included 11 counties. Cases were categorized into one of 5 mutually exclusive CHD severity 

groups collapsed to severe versus not severe; specific ICD-9-CM codes were used to capture 

pregnancy, gestational complications, and nongestational co-morbidities in women, age 11 to 50 

years, with a CHD-related ICD-9-CM code. Pregnancy, CHD severity, demographics, gestational 

complications, co-morbidities, and insurance status were evaluated. ICD-9-CM codes identified 

26,655 women with CHDs, of whom 5,672 (21.3%, range: 12.8% in NY to 22.5% in MA) had 

codes indicating a pregnancy. Over 3 years, age-adjusted proportion pregnancy rates among 

women with severe CHDs ranged from 10.0% to 24.6%, and 14.2% to 21.7% for women with 

nonsevere CHDs. Pregnant women with CHDs of any severity, compared with nonpregnant 

women with CHDs, reported more noncardiovascular co-morbidities. Insurance type varied by site 

and pregnancy status. These US population-based, multisite estimates of pregnancy among women 

with CHD indicate a substantial number of women with CHDs may be experiencing pregnancy 

and complications. In conclusion, given the growing adult population with CHDs, reproductive 

health of women with CHD is an important public health issue.

Congenital heart defects (CHDs) vary in phenotypes and outcomes,1 with adults now 

comprising an estimated 2/3 of individuals with CHDs.2 Annual deliveries for women with 

CHDs increased 34.9% from 1998 to 2007, compared with 21.3% in the general population.
3 Since pregnant women with CHDs face increased risk of maternal complications and 

mortality,4 data on pregnancies and their outcomes are needed to assist women with CHDs 

with reproductive decisions. Countries with national databases can prospectively track 

cohorts of pregnant women with CHDs,5 making it possible to estimate maternal risks in 

pregnancy.6–8 However, international databases do not reflect the diversity and healthcare 

patterns in the United States. Pregnancy outcomes are likely influenced by socioeconomic 

standing, healthcare access, provider knowledge, and chronic conditions.9–11 We analyzed 

data from 3 US surveillance sites to estimate the proportion of women with CHDs who 

became pregnant, their co-morbidities, insurance status, and gestational complications.

Methods

This analysis was a component of a larger CDC surveillance project of adolescents and 

adults with CHDs at 3 funded US sites: EU (Atlanta, GA), MA, and NY (Centers for 

Disease Control and Prevention, Grant/Award Number: CDC–RFA–DD12–1207). Overall 

project methods are described in a separate methods paper.12 For this analysis, cases were 
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females aged 11 to 50 years (adolescents 11 to 19 years, adults 20 to 50 years), who resided 

in site-specific catchment areas: 5 metropolitan Atlanta counties for EU, 11 counties across 

NY state, and statewide for MA. All cases were presumed alive as of January 1, 2010, and 

had at least one healthcare encounter with an eligible CHD International Classification of 
Disease version 9.0 Clinical Modification (ICD-9-CM) code between January 1, 2008 

(January 1, 2009 for MA) and December 31, 2010. Data sources included outpatient clinics, 

Medicaid claims, outpatient and hospital encounter data, and information from supplemental 

sources including state vital records (EU, MA), and birth defects registries (EU, NY). 

Participating sites had varying populations and data sources, completeness, and linkage 

methodologies.12

Cases identified as previously described12 were categorized into one of 5 mutually exclusive 

hierarchical groups based on anatomy: severe, shunt, valve, shunt plus valve, and other 

CHDs.12,13 The latter 4 categories were grouped as “not severe” for comparison to severe. 

The severe group included CHDs that typically require surgery in the first year of life such 

as pulmonary atresia, tetralogy of Fallot, or single ventricle defects.12 We excluded cases 

that had 745.5 code (secundum atrial septal defect or patent foramen ovale) without other 

specific CHD codes because 745.5 frequently includes persons without CHDs.14

We used Clinical Classification Software (CCS), developed by the Agency for Healthcare 

Research and Quality (AHRQ) to categorize non-CHD administrative codes. CCS collapses 

over 15,000 ICD-9-CM diagnostic and 3,900 procedure codes into clinical categories.15 We 

identified females who experienced pregnancies during the specified time period (‘pregnant 

women’) by the presence of at least one of 1,520 ICD-9-CM codes that were collapsed into 

27 CCS categories (eTable A) occurring at any time during a woman’s 2008 to 2010 

encounter history. Pregnancy onset and outcome were not available; therefore the timing and 

frequency of pregnancies for an individual woman could not be determined. Project 

clinicians identified, categorized and grouped non-CHD ICD-9-CM codes into maternal 

gestational complications based on individual ICD-9-CM codes for pregnancy or post-

partum-specific conditions (eTable B) and into comorbidity categories not necessarily 

related to pregnancy (eTable C).15 For instance, ICD-9-CM codes 642.00–642.34 and 

642.90–4 are used for gestational hypertension, and codes 401.1 and 401.9 are used for 

essential hypertension. Clinicians categorized gestational complications, and nongestational 

co-morbid conditions into cardiovascular and noncardiovascular categories for analysis. We 

assessed cases with a fetal echocardiogram Current Procedural Terminology (CPT) code 

(76825–8) for the presence of a CHD code outside of the fetal echocardiogram encounters to 

distinguish maternal CHD from potential CHD in their fetus.

Identified cases could have multiple healthcare encounters in several data sources. We 

combined, de-identified, and de-duplicated encounter and summary data to create a common 

collaborative analytic dataset across sites. We classified insurance status, based on primary 

health insurance type for the healthcare encounter nearest to January 1, 2010 into 4 

categories: (1) self-pay/uninsured; (2) private/commercial; (3) government-based [Medicaid, 

Medicare/Social Security Income (SSI), Tricare]; and (4) other.
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We conducted all analyses, except the age-adjusted proportion pregnant, using Statistical 

Analysis System (SAS) 9.4 TM Level IM5, w32_10Pro platform.16 Frequencies, 

percentages, and chi-square analyses of major categorical variables including CHD severity, 

age, pregnancy status (between 2008 and 2010), and insurance were conducted by site and 

pooled across sites. Chi-square analyses were used to compare frequencies of cardiovascular 

and noncardiovascular gestational complications and co-morbidities by CHD status, site and 

pregnancy status. To control for effects of maternal age on gestational complications and co-

morbidities unrelated to pregnancy, sensitivity analyses were conducted constraining age to 

20 to 35 year olds. Chi-square tests were computed to analyze the association of CHD 

severity with gestational cardiovascular and noncardiovascular complications. While crude 

pregnancy proportion is a useful summary measure comparing similar populations of 

different sizes, it is sensitive to differences in age distribution. Thus, we calculated age-

adjusted proportion pregnant, which adjusts for the observed differences in age distributions 

across sites.

Results

During the project period, 26,655 females, ages 11 to 50 years, had at least 1 healthcare 

encounter with 1 or more CHD ICD-9-CM codes. Of these, 5672 (21.3%) had at least 1 

pregnancy-related code (Table 1). Overall, EU had a higher proportion of females with 

severe CHDs (30.7%) compared with MA (17.8%) and NY (19.3%), regardless of 

pregnancy status (data not shown). Among women with severe CHD, NY had the lowest 

age-adjusted proportion pregnant and MA had the highest age-adjusted proportion (Table 1). 

EU had the same age-adjusted proportion pregnant irrespective of CHD severity. EU and NY 

sites had similar proportions of gestational cardiovascular complications including 

gestational hypertension, pre-eclampsia, and other cardiovascular complications, while MA 

had few pregnancy-related cardiovascular complications. Noncardiovascular complications 

among pregnant women varied across sites, including preterm labor, anemia, and 

hemorrhage (Table 2). Pooled across site and severity, pregnant women compared with 

nonpregnant women had significantly more nongestational cardiovascular co-morbidities 

including essential hypertension, hyperlipidemia, coronary artery disease, and venous 

disorder/phlebitis (Table 3). Differences in cardiovascular co-morbidities for pregnant 

compared with nonpregnant women varied by site (Table 3). While hypertension, 

hyperlipidemia, coronary artery disease, and venous disorder/phlebitis were more frequent 

among pregnant women compared with those who were not in MA and EU, this pattern was 

not seen in NY (Table 3). Pooled across site and severity, pregnant women compared with 

nonpregnant women also had significantly more nongestational noncardiovascular co-

morbidities, including nongestational diabetes mellitus, hematologic conditions, 

gastrointestinal conditions, respiratory and pulmonary problems, infectious diseases, and 

genitourinary/gynecology problems (Table 4).

A sensitivity analysis conducted to assess the effect of maternal age on co-morbidities with a 

constrained sample of 20 to 35 year olds mimicked findings from the full sample. Similar 

results to those in Table 3 were revealed for hypertension (28.6% vs 20.8%), hyperlipidemia 

(17.8% vs 14.5%), coronary artery disease (10.0% vs 8.2%), and venous disorder/phlebitis 

(5.9% vs 4.4%) with pregnant women with severe CHDs having significantly more 
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nongestational cardiovascular co-morbidities compared with nonpregnant women with 

CHDs (data not shown). Pregnant women compared with nonpregnant women had 

significantly more nongestational, noncardiovascular co-morbidities, including diabetes 

mellitus, hematologic conditions, infectious diseases, and genitourinary/gynecology 

problems (Table 4). Pregnant women with severe CHD compared with those with not severe 

CHD more often had nongestational diabetes mellitus (28.3% vs 22.5%, p <0.0001), 

hematologic conditions (25.8% vs 21.7%, p <0.01), neurologic problems (14.7% vs 12.1%, 

p <0.05), and mental health problems (52.0% vs 40.5%, p <0.0001) (data not shown). Fewer 

than 2.5% of pregnancy cases had a CHD diagnosis code associated only with a fetal 

echocardiogram encounter.

Figure 1 shows observed differences in insurance across sites for pregnant and nonpregnant 

women. While government-based insurance was more common among pregnant compared 

with nonpregnant women at both EU and MA, EU had more than a 2-fold higher difference 

between pregnant and nonpregnant women compared with MA. In MA, most women 

regardless of pregnancy status had government-based health insurance. In NY, private 

insurance was most common for both pregnant and nonpregnant women (Figure 1).

Discussion

Through identification of pregnancy-related ICD-9-CM codes in clinical and administrative 

databases, we identified approximately 13% to 23% of females with CHD of childbearing 

age to have experienced a pregnancy from 2008 to 2010 surveillance data at 3 US sites. 

While our project methodology is not directly comparable to US population norms, our data 

suggest a substantial number of women with CHD are experiencing pregnancy. In this 

analysis, pregnant women with CHD experienced complications at a greater rate than 

previously reported by population norms.17–20 The proportion of pregnant women was 

greater in MA (22.5% in MA compared with 13% to 14% at the other 2 sites). Fewer 

gestational complications were found among those in MA compared with the other sites, and 

were below previously published US population norms,20–22 thus discussion focuses on EU 

and NY.

Pregnancy among women with severe CHDs more often involved several gestational 

complications compared with pregnancy among women without severe CHDs. However, 

women with CHD may have a higher risk for some pregnancy related complications such as 

anemia, hemorrhage, and hypertension when compared with women without CHD. The 

percentage of pregnant women who experienced hemorrhage was similar between NY and 

EU and higher than a US population estimate (4.2 per 1,000 deliveries in 2008 of severe 

postpartum hemorrhage, based on a definition of hemorrhage treated by blood transfusion, 

hysterectomy, and/or surgical repair of the uterus.18 Adults with CHDs treated with 

anticoagulants are at elevated risk of hemorrhage23 and those with certain CHDs (e.g., 

palliative single ventricle heart defects or mechanical valve) have elevated risk of 

hemorrhage due to coagulation disorders.24 Hypertensive disorders in the US occurred in 

83.4 per 1,000 deliveries in 200619 compared with our observed prevalence of 75 to 127 per 

1,000 pregnancies in NY and EU. Eclampsia or severe pre-eclampsia was 5 times the US 

prevalence (of 12.4 per 1,000 deliveries) among women with CHDs (65 to 73 per 1,000 in 
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NY and EU), suggesting women with CHDs and gestational hypertension need close 

monitoring. Although our analysis could not distinguish anemia severity, the rate of anemia 

found in women with CHD was more than double the national average for all gestational 

anemia.21 The reason for this finding deserves further investigation, but may include 

anticoagulation and antiplatelet therapies. From 2008 to 2010, estimated gestational diabetes 

in the US was 5.6%.17 State-specific estimates of gestational diabetes varied from 3.5% to 

7.2% in 2008, depending on sociodemographic and healthcare factors. Gestational diabetes 

estimates for pregnant women with CHDs in NY and EU were 5.9% and 12.0%, 

respectively, suggesting similar multifactorial and geographic variation of gestational 

diabetes for women with CHDs.

These data support a clinical concern that CHD-related issues such as need for 

anticoagulation, risk for thromboembolic complications, and factors predisposing to 

hypertension or heart failure may contribute to a higher risk of pregnancy complications 

compared with population norms. Women with CHDs contemplating pregnancy should 

receive preconception counseling regarding maternal, obstetric, fetal, and neonatal risk. 

Those with severe CHDs may be best served in a tertiary referral center with maternal fetal 

medicine expertise. The European Society of Cardiology 2018 Guidelines are a good 

resource for management of specific heart defects and cardiac complications in pregnancy.4

Pregnant women with CHDs had significantly more nongestational co-morbidities than 

nonpregnant women with CHDs. Clinically relevant co-morbidities may be exacerbated in 

pregnancy, such as pre-existing heart failure.25 Although we cannot discern why more 

nongestational co-morbidities appear in women who have been pregnant, it is possible this 

represents a more thorough medical history and/or more comprehensive coding in pregnant 

women.

Site-specific differences in insurance coverage for pregnant versus nonpregnant women with 

CHDs were evident in EU and MA, with proportionately more pregnant than nonpregnant 

women having government-based insurance; EU had the greater difference compared with 

MA, 48.5% pregnant versus 25.0% nonpregnant. This likely reflects state-based differences 

in insurance accessibility outside of pregnancy. Differences in access to insurance-paid 

healthcare among nonpregnant women might affect their susceptibility to complications 

when they do become pregnant. Substantial literature supports the need for preconception 

care for all women.26,27 As preconception care may be less accessible in Georgia when 

women lack insurance outside of pregnancy, those women may enter pregnancy at elevated 

risk of complications due to chronic conditions such as untreated diabetes and hypertension.
28

Comparability of data across sites may be limited by variability and completeness in data 

sources. Under- or overreporting of pregnancies may occur due to data capture by 

administrative codes.6 We were unable to define pregnancy timing or frequency within the 

project period, thus temporal relation of nongestational co-morbidities to pregnancy cannot 

be determined. While the number of pregnant women with CHDs might have been over- or 

under-reported, so might the number of nonpregnant women with CHDs.
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To our knowledge, this is the first US population-based, multi-site project estimating 

pregnancy among women with CHDs defined by coded healthcare encounters. Our findings 

suggest a substantial percent of women with CHDs may be experiencing gestational 

complications and other co-morbidities. Given the growing population of adults with CHDs, 

reproductive health of women of childbearing age with CHDs is an important public health 

issue warranting further investigation.
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Figure 1. 
Healthcare Insurance by pregnancy during project period for women age 11–50 years with 

congenital heart defects (CHD) at 3 surveillance sites, 2008 to 2010.**

CHD = Congenital Heart Defect

* EU=Emory University; catchment area includes 5 metro-Atlanta counties: Clayton, Cobb, 

DeKalb, Fulton and Gwinnett;

MA=Massachusetts Department of Public Health; catchment area is state-wide; and

NY=New York State Department of Health; catchment area includes 11 counties: Allegany, 

Bronx, Cattaraugus, Chautauqua, Erie, Genesee, Monroe, Niagara, Orleans, Westchester, 

and Wyoming

** Data collapsed across CHD severity.

^^ Individuals classified with ICD-9_CM code 745.5 in isolation are not included.

Note. Government healthcare insurance includes Medicaid, Medicare, Tricare, and Military 

coverage.
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