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Abstract

BACKGROUND—The impact of pre-existing ischemic heart disease (IHD) on pregnancy is
incompletely described.

OBJECTIVES—The purpose of this study was to compare adverse preghancy outcomes between
those with IHD and those with a cardiac diagnosis categorized by the modified World Health
Organization classification and those without a cardiac diagnosis.

METHODS—This retrospective study used the 2015 to 2018 Nationwide Readmissions Database.
Delivery hospitalizations, comorbidities, and outcomes were identified using diagnosis and
procedure codes. The exposure was isolated IHD. The primary outcome was severe maternal
morbidity (SMM) or death during the delivery hospitalization, analyzed using adjusted relative
risk (aRR) regression and weighted to account for the Nationwide Readmissions Database’s
complex survey methods.
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RESULTS—Of 11,556,136 delivery hospitalizations, 65,331 had another cardiac diagnosis, and
3,009 had IHD alone. Patients with IHD were older and had higher rates of diabetes and
hypertension. In unadjusted analyses, adverse outcomes were more common among patients with
IHD alone than among patients with no cardiac disease and modified World Health Organization
class I-11 disease. After adjustment, patients with IHD alone were associated with a higher risk
of SMM or death (aRR: 1.51; 95% ClI: 1.19-1.92) than those without a cardiac disease. In
comparison, the aRR was 1.90 (95% CI: 1.76-2.06) for WHO class I-11 diseases and 5.87 (95%
Cl: 5.49-6.27) for WHO II/111-1V diseases. Nontransfusion SMM or death (aRR: 1.60; 95% CI:
1.11-2.30) and cardiac SMM or death (aRR: 2.98; 95% CI: 1.75-5.08) were also higher for those
with IHD.

CONCLUSIONS—Isolated IHD in pregnancy is associated with worse outcomes than no cardiac
disease during delivery hospitalization and approximates the risk associated with WHO I-11
diagnoses.

Keywords

coronary artery disease; ischemic heart disease; maternal mortality; modified World Health
Organization classification; severe maternal morbidity

The leading causes of maternal mortality in the United States are attributed to cardiac
diseases. Cardiac disease and cardiomyopathy account for over 26% of maternal deaths

in the United States. It is probable that with increasing maternal age in pregnancy,

as well as the rise in accompanying comorbidities, such as obesity and hypertension,
cardiovascular risk factors such as pre-existing ischemic heart disease (IHD) will also
increase in prevalence in pregnant patients.2 While maternal outcomes related to acute
coronary syndromes in pregnancy, such as pregnancy-associated myocardial infarction3-%
and spontaneous coronary artery dissection,”8 have been explored in the literature in recent
years, maternal medical and obstetric complications, such as severe maternal morbidity
(SMM), in individuals with pre-existing IHD have not been well characterized. To date,
there have been 2 principal studies on this topic: a retrospective analysis of 50 pregnancies
in 43 individuals® and a subsequent systematic review by the same group of 124 pregnancies
in 116 individuals, including the 50 pregnancies in the previous retrospective analysis.1°
Both these analyses suggested that people entering pregnancy with pre-existing IHD had

a risk (approximately 5%-10%) of ischemic cardiovascular complications. However, more
comprehensive analyses of outcomes in this population are lacking.

Counseling of patients with pre-existing IHD prior to conception or during pregnancy is
difficult for 2 reasons. First, as explained above, data regarding outcomes are lacking.
Second, pre-existing IHD is not included in the modified World Health Organization
(mWHO) classification of maternal cardiovascular risk, a classification schema that is
widely used to aid in counseling individuals with a pre-existing cardiac disease considering
or in pregnancy.11:12

The first aim, therefore, of the present study was to assess rates of SMM and mortality, as
defined by the Centers for Disease Control and Prevention (CDC), in pregnant people with
pre-existing IHD in a large nationwide database. The second aim was to compare rates of
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SMM and mortality in pregnant women with pre-existing IHD to those of women with other
cardiac lesions that are classified in the mMWHO classification.

METHODS

This was a retrospective cohort study utilizing the Nationwide Readmissions Database
(NRD), Healthcare Cost and Utilization Project, and Agency for Healthcare Research and
Quality.13 The NRD data set is a large administrative data set that, in 2018, contained

all hospitalizations for 28 states, representing 59.7% of the U.S. population and 58.7%

of all hospitalizations in the United States regardless of primary payer. Data available in
each record include demographic information (eg, age, gender, primary payer), diagnosis
and procedure codes, hospital characteristics, including location and academic affiliation,
hospital length of stay, inpatient charges, and discharge disposition. Methods used for the
purposes of this analysis are further described in detail elsewhere.14

INCLUSION AND EXCLUSION CRITERIA.

Subjects were included if they experienced a delivery hospitalization from October 1,

2015, to December 31, 2018, identified by International Classification of Diseases-10th
Revision-Clinical Modification (ICD-10) code Z37.x, with subjects entering the study at the
time of their delivery hospitalization. Subjects are not linked across years within the NRD;
therefore, it is possible that 1 individual may have contributed multiple pregnancies. The
final quarter of 2015 was selected as the start date for the study as this was the date of
adoption of ICD-10 for billing in the United States. At the time of the analysis, December
2018 was the most recent time when NRD data were available for review. There were no
exclusion criteria.

EXPOSURE OF INTEREST.

Our primary exposure of interest was isolated pre-existing IHD without another cardiac
diagnosis. This was defined as ICD-10 codes 125.1x, 125.2x, 125.5x, 125.6x 125.7x, 125.8X,
and 125.9x, which are all codes for pre-existing, rather than acute, IHD. Comparator
populations included those without an apparent cardiac disease and those with cardiac
lesions included in the mWHO classification. The latter were divided into 2 cohorts. The
first will be referred to as “low-risk” cardiac disease and included those with diagnoses
consistent with mWHO class | or Il cardiac lesions (see Supplemental Table 1 for list

of lesions and associated ICD-10 codes). The second cohort consisted of those with a
“high-risk” cardiac disease and included those with an mMWHO class II/111, 111, or IV
cardiac disease. These classes were combined due to the potential overlap in classes with
the use of ICD-10 diagnosis codes, as opposed to clinical data. For example, a patient
might have an ICD-10 diagnosis code 142.0 for dilated cardiomyopathy. However, without
echocardiographic data, we were unable to further classify as mwWHO II/111, 111, or IV.

The pre-existing IHD cohort and low- and high-risk cardiac disease cohorts were mutually
exclusive, meaning that those with pre-existing IHD did not have another cardiac diagnosis
that could be classified within the mWHO classification and those with a low-risk cardiac
lesion did not also have a high-risk lesion.
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OUTCOMES.

Our primary outcome was a composite of SMM and maternal mortality occurring during
the delivery hospitalization, as defined by the CDC (see Supplemental Table 2 for included
diagnoses).1® The specific indicators included are listed in the Supplemental Table 1, and the
associated 1CD-10 codes are available on the CDC website, including both non-transfusion-
and transfusion-related SMM indicators. Secondary outcomes included non-transfusion
SMM and mortality (SMM excluding blood products’ transfusion codes as provided by the
CDC), cardiac SMM and mortality (acute myocardial infarction, aortic aneurysm, cardiac
arrest/ventricular fibrillation, conversion of cardiac rhythm, heart failure/arrest during the
surgery or procedure, and pulmonary edema/acute heart failure), and preterm birth. Data
regarding other obstetric and neonatal complications, such as small for gestational age, low
neonatal Apgar scores, and neonatal intensive care unit admission, are not available in this
data set due to the lack of linked neonatal records.

COVARIATES.

Covariates of interest that were available in the NRD data set included age in years at
admission, calendar year and quarter, primary expected payer, and hospital characteristics.
Hospital characteristics are defined by a standard method in the NRD and include hospital
bed size and location and teaching status. Medical comorbidities were included exactly

as published in a previously validated obstetric-specific comorbidity index (comorbidities
included in the analysis are listed in Table 1).16 However, cardiac comorbidities (eg, aortic
aneurysm), other than hypertension, were excluded due to crossover with cardiac outcomes.
Medication use was not available. Comorbidities such as body mass index =40 kg/m? and
advanced maternal age were defined by their associated ICD-10 codes.

STATISTICAL ANALYSIS.

Statistical methods, weighted to account for a complex survey design of the NRD, were
used to assess associations between the baseline characteristics, pre-existing IHD, and the
primary and secondary outcomes. Relative risk (RR) regression using a Poisson model,
using robust standard error estimates and accounting for the complex design of the NRD,
was used to assess associations between cardiac disease and the outcomes, adjusting for age,
delivery type, year and quarter of delivery, and comorbid conditions.1” Statistical analysis
was completed in Stata Statistical Software, Version 16.1 (StataCorp LLC). A 2-sided alpha
value of 0.05 was considered statistically significant. Given the retrospective nature of

this analysis using an existing, limited data set, the Duke University School of Medicine
Institutional Review Board deemed it exempt from review.

RESULTS

BASELINE CHARACTERISTICS.

There were 6,109,133 unweighted and 11,556,136 weighted delivery hospitalizations.
Henceforth, weighted data will be presented. Of the total delivery hospitalizations, 3,009
had a history of pre-existing IHD without another cardiac diagnosis, for a prevalence of 26.0
per 100,000 delivery hospitalizations (Figure 1). There were 34,742 deliveries with mMWHO
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I-11 cardiac disease, 27,579 with mWHO II/111-1V cardiac disease, and 11,490,806 with no
cardiac disease. Demographic and clinical characteristics demonstrated that patients with
pre-existing IHD were older, more likely to deliver at a metropolitan teaching hospital, and
more likely to be in the lowest quartile of median household income by zip code. Those

with pre-existing IHD had higher rates of medical comorbidities than those without a cardiac
disease. More specifically, 12% of pregnant people with pre-existing IHD had diabetes vs
1.3% (P < 0.001) without a cardiac disease, 10.4% had body mass index 240 vs 4.3% (P <
0.001), 27.8% had chronic hypertension vs 3.2% (£ < 0.001), and 40% were of advanced
maternal age vs 17.2% (£ < 0.001) (Table 1).

UNADJUSTED ANALYSIS.

In unadjusted analyses, the risk of SMM and mortality among those patients with pre-
existing IHD was higher than that in patients with no cardiac disease or low-risk cardiac
disease but significantly lower than that for those with a high-risk cardiac disease. Of those
with pre-existing IHD, 6.6% experienced SMM or mortality compared to 1.5% of those
without a cardiac disease (unadjusted RR compared to no cardiac disease 4.3; 95% CI 3.5~
5.2), 4.2% of those with mWHO I-11 cardiac diseases (RR compared to no cardiac disease
2.7, 95% Cl 2.5-2.9), and 23.1% of those with mWHO II/111-1V cardiac diseases (RR 14.9;
95% CI 14.3-15.6) (Table 2, Figure 2). Similar differences were noted for nontransfusion
SMM and mortality, cardiac SMM and mortality, and preterm birth, with the risks of adverse
outcomes for pre-existing IHD falling between those of mMWHO I-11 and I1/111-1V cardiac
diseases.

ADJUSTED ANALYSIS.

After adjustment, having pre-existing IHD alone was associated with a higher risk of SMM
and mortality (adjusted RR [aRR]: 1.51; 95% CI: 1.19-1.92), nontransfusion SMM and
mortality (aRR: 1.60; 95% CI: 1.11-2.30), and cardiac SMM and mortality (aRR: 2.98;
95% CI: 1.75-5.08) than no cardiac disease (Central Illustration). There were no significant
differences in preterm birth for those with pre-existing IHD compared to those with no
cardiac disease after adjustment. The risk of SMM and mortality, nontransfusion SMM and
mortality, and cardiac SMM and mortality for IHD alone most closely approximated that of
mWHO class | or Il cardiac diseases.

DISCUSSION

Pre-existing IHD without another cardiac diagnosis was associated with a higher risk of
SMM and mortality, nontransfusion, and cardiac SMM and mortality than no cardiac disease
in both unadjusted and adjusted analyses. After adjustment for covariates, the risk of isolated
pre-existing IHD, without additional evidence of cardiomyopathy, approximated that of
low-risk, or mWHO class I or I, cardiac diseases. To our knowledge, this study provides the
largest analysis to date examining the risk of severe morbidity and mortality among pregnant
people with pre-existing IHD.

While, in unadjusted analyses, a pre-existing IHD appears to confer a risk of SMM and
nontransfusion and cardiac SMM and mortality between that of low- and high-risk mWHO
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cardiac disease, after adjustment for confounders, the risks of maternal morbidity and
mortality approximated those of low-risk cardiac diseases. The differences in risk of SMM
and mortality between the unadjusted and adjusted analyses may be due to the high rates of
comorbidities in the pre-existing IHD group.

Existing literature on outcomes in individuals with pre-existing IHD in pregnancy is limited.
Most studies focused on acute coronary events in pregnancy.3-6 The largest study to date on
pre-existing IHD in pregnancy is a systematic review of the literature that summarized 124
pregnancies among 116 individuals.19 In this systematic review, 9% of cases experienced an
ischemic cardiac event, and 34% experienced an obstetric complication. However, reporting
of other cardiac and maternal outcomes was less comprehensive than the CDC’s SMM
indicators, and adverse event rates were not compared to those of other cardiac lesions.

The second largest case series to date included 92 pregnancies to 79 women in Europe

with an adverse cardiac event rate of 6.6% and with limitations similar to those of the

study mentioned above.18 To summarize, prior studies have concluded that people with

a pre-existing cardiac disease during pregnancy have favorable outcomes in pregnancy

from a cardiovascular standpoint but are at increased risk of other neonatal and obstetric
complications.19:18 Our findings corroborate these conclusions from previous, smaller
studies of pre-existing IHD in pregnancy.

The RR of SMM and mortality in this study for patients with pre-existing IHD compared to
patients with no cardiac disease was similar to that for cardiac lesions classified as mMWHO
class | or 11, suggesting that this diagnosis should be considered for addition to mWHO class
I or 1. This knowledge will aid clinicians in their counseling of patients with pre-existing
IHD preconceptually and during pregnancy. However, it should be remembered that the
cohort with pre-existing IHD also had higher rates of comorbidities than the cohorts with no
cardiac disease and with a mWHO class I-1I disease. These comorbidities, and their potential
interaction with or potentiation of cardiac disease, should be considered when assessing an
individual’s pregnancy-related risk.

This study was limited to evaluation of maternal outcomes occurring during the delivery
hospitalization. Additional research examining rates of maternal adverse cardiac events
and SMM occurring prior to or after the delivery hospitalization would be beneficial as
the true rates of adverse events occurring during and after pregnancy in patients with
pre-existing IHD may be higher than those described here. Future studies examining the
potential gradation in risk associated with additional cardiac comorbidities in individuals
with pre-existing IHD would also be worthwhile.

The strengths of this study included the use of a large, nationwide database, which

provided the largest cohort to date with pre-existing IHD in pregnancy. Outcomes were

not only reported for delivery hospitalizations for those with pre-existing IHD but were
also compared to those with other low- and high-risk cardiac lesions. These data will aid
clinicians in counseling patients with pre-existing IHD. Furthermore, in utilizing the CDC’s
definition of SMM and death, the primary outcome assessed a broader range of adverse
outcomes than those typically included in studies of cardiac diseases in pregnancy.
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Limitations included the reliance on diagnosis and procedure codes, which may
underestimate the true incidence of pre-existing IHD and the outcomes. Additionally,

as mentioned above, outcomes were limited to the delivery hospitalization, which likely
underestimated the incidence of complications and may have introduced selection bias by
only including those whose pregnancies ended in a delivery (ie, excluding those who may
have experienced a spontaneous abortion or termination of pregnancy). Subjects included in
the NRD are not linked across years, preventing adjustment for multiple pregnancies within
the study period. A diagnosis of pre-existing IHD was, by necessity, mutually exclusive of
other cardiac diagnoses. In other words, a patient with a diagnosis of pre-existing IHD only
had a diagnosis code for IHD and did not have a code for one of the other cardiac lesions,
such as cardiomyopathy or heart failure. This is a strength in the sense that it allowed direct
comparisons between groups. However, it is also a limitation as patients with IHD may
have co-existing conditions, such as ischemic cardiomyopathy, and rates of SMM in this
population with multiple comorbid cardiac conditions could not be assessed. Therefore, the
cohort of patients in this study with pre-existing IHD may represent a healthier group of
patients with IHD than one might encounter clinically. Importantly, there are several clinical
factors that might further stratify risk among patients with an IHD history, such as temporal
relationship with pregnancy, disease severity, revascularization history and completeness of
revascularization, and medication therapy that cannot be assessed in this study. Finally, the
temporal relationships between the diagnoses of pre-existing IHD, SMM outcomes, and
comorbidities could not be assessed using this administrative database.

CONCLUSIONS

Isolated pre-existing IHD is associated with worse outcomes at the time of delivery
compared with no cardiac diagnosis. This risk approximates that of a patient with other
low-risk cardiac diagnoses classified as either mWHO class | or 11 (Central Illustration).
These data may be useful in counseling patients and could aid in efforts to further refine the
mWHO classification of maternal cardiovascular risk.
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ICD-10 International Classification of Diseases-10th Revision-Clinical
Modification

IHD ischemic heart disease

mWHO modified World Health Organization classification of maternal
cardiovascular risk

NRD Nationwide Readmissions Database

SMM severe maternal morbidity and mortality
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE 1:

Pre-existing IHD is not currently included in the modified World Health Organization
classification of maternal cardiovascular risk, which is widely used for preconception and
pregnancy counseling.

COMPETENCY IN MEDICAL KNOWLEDGE 2:

The risk of severe maternal morbidity and death among patients with isolated pre-
existing IHD in pregnancy approximates that of the lower-risk modified World Health
Organization class | and Il cardiac disease, suggesting that pregnancy can be safely
considered in this population.

COMPETENCY IN INTERPERSONAL AND COMMUNICATION SKILLS:

It is important to communicate to patients that while pregnancy may be considered low
risk in the setting of pre-existing IHD, 6.6% of patients with pre-existing IHD alone
did experience severe maternal morbidity or death during the delivery hospitalization.
Other medical comorbidities should be factored into discussions regarding the risks of
pregnancy.

TRANSLATIONAL OUTLOOK 1:

Additional studies are needed to determine whether other factors, such as the time from
the ischemic cardiac event to pregnancy, revascularization history and completeness of
revascularization, and medication therapy may alter pregnancy-associated risks.
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Nationwide Readmissions
Database 2015-2018

v
6,109,133 delivery
hospitalizations

v
11,556,136 weighted

delivery hospitalizations
e

— —
11,490,806 65,331 with
no cardiac disease cardiac disease
3,009 pre-existing IHD 34,742 mWHO I-lI 27,579 mWHO II/1l-IV
FIGURE 1.

Subject Inclusion Flow Chart

Delivery hospitalizations captured in the Nationwide Readmissions Database (NRD) from
October 2015 to December 2018 were included in this study. A total of 6,109,133 delivery
hospitalizations are included in the database. The sample was weighted as recommended
by the data vendor to create a sample representative of the entire United States, including
states not included in the NRD, yielding a total sample size of 11,556,136. Of the delivery
hospitalizations, there were 65,331 with cardiac disease, of whom, 3,009 had pre-existing
ischemic heart disease. IHD = ischemic heart disease; mMWHO = modified World Health
Organization Classification of Maternal Cardiovascular Risk.
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FIGURE 2.
Bar Plot of Unadjusted Probability of Primary and Secondary Outcomes

Bar plot demonstrating unadjusted probabilities of subjects with no cardiac disease, mMWHO
I-11 cardiac disease, mWHO I1/I11-1V cardiac disease, and pre-existing ischemic heart
disease (IHD only) experiencing severe maternal morbidity and death, nontransfusion severe
maternal morbidity and death, cardiac severe maternal morbidity and death, or preterm birth.
The unadjusted probabilities of the primary and secondary outcomes were significantly
higher for IHD only compared to no cardiac disease. IHD = ischemic heart disease; mMWHO
= modified World Health Organization Classification of Maternal Cardiovascular Risk.
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Pregnancy and Pre-Existing Ischemic Heart Disease

Study Population
11,556,136 delivery hospitalizations in the United States

3,009 (0.03%) with isolated pre-existing ischemic heart disease (IHD)

6.6% of women with IHD experienced SMM or death during delivery hospitalization

Risk of SMM in women with IHD similar to those in the modied WHO I or Il risk class

Adjusted Relative Risk (95% Confidence Interval)*
0125 0.25 0.5 1 2 4 8 16 32 64

1 1 1 l 1 1 1 1 1 1
LI
Severe Maternal Morbidity and Mortality

1
MWHO I-II ' =l 1.90 (1.76-2.06)
MWHO II-1V ! W 5.87 (5.49-6.27)
1
1
1

IHD Only = 1.51(1.19-1.92)

Non-Transfusion Maternal Morbidity and Mortality

MWHO I-I1 i 2,50 (2.22-2.82)
1

MWHO II-1V | i 9.34 (8.53-10.22)
1

IHD Only '—s—| 1,60 (111-2.30)
1

Cardiac Maternal Morbidity and Mortality

I
mWHO I-1I : Fe+ 4.71(3.94-5.64)
mWHO II-1V . W 46.92 (43.27-50.88)
1
1
1

IHD Only —=— 2.98(1.75-5.08)
MWHO I-I1 W 116 (112-1.21)
I
MWHO II-IV W 1.32(1.27-1.37)
1
IHD Only W 1.08 (0.97-1.21)

* ALl comparisons relative to cardiac disease and adjusted for age, delivery type, comorbid
conditions, calendar year, and quarter

CENTRAL ILLUSTRATION.
Pregnancy in the Setting of Pre-existing Ischemic Heart Disease May Be Considered Safe

But Is Not Without Risk

Pre-existing IHD is associated with worse outcomes at the time of delivery than no cardiac
diagnosis. This risk approximates that of a patient with other low-risk cardiac diagnoses
classified as either mMWHO class | or Il. Pregnancy in the setting of pre-existing ischemic
heart disease is likely safe, but patients should be counseled that pregnancy is not without
risk entirely. Forest plot of adjusted relative risk for severe maternal morbidity (SMM)

and death, nontransfusion SMM and death, cardiac SMM and death, and preterm birth for

JACC Adv. Author manuscript; available in PMC 2023 January 19.
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those with IHD only, mMWHO class I-11 cardiac disease, and mWHO class I1/111-1V cardiac
disease compared to no cardiac disease. The adjusted relative risk of SMM and death,
nontransfusion SMM and death, and cardiac SMM and death were significantly higher for
those with IHD only than for those with no cardiac disease and most closely approximates
the risk posed by lesions included in mWHO class I-11. mMWHO = modified World Health
Organization Classification of Maternal Cardiovascular Risk.
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