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Abstract

Background: Though consensus guidelines on the management of cardiovascular disease (CVD) 

in pregnancy reserve cesarean delivery for obstetric indications, there is a paucity of data to 

support this approach.

Objectives: To compare cardiovascular and obstetric morbidity in women with cardiovascular 

disease (CVD) according to plan for vaginal birth or cesarean delivery.

Study Design: We assembled a prospective cohort of women delivering at an academic tertiary 

care center with a protocolized multidisciplinary approach to management of CVD between 

September 2011 and December 2016. Our practice is to encourage vaginal birth in women with 

CVD unless there is an obstetric indication for cesarean delivery. We allow women attempting 

vaginal birth a trial of Valsalva in the second stage with the ability to provide operative vaginal 

delivery if pushing leads to changes in hemodynamics or symptoms. Women were classified 

according to planned mode of delivery—either vaginal birth or cesarean delivery. We then used 

univariate analysis to compare adverse outcomes according to planned mode of delivery. The 

primary composite cardiac outcome of interest included sustained arrhythmia, heart failure, 

cardiac arrest, cerebral vascular accident, need for cardiac surgery or intervention, or death. 

Secondary obstetric and neonatal outcomes were also considered.
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CONDENSATION: Planned vaginal birth including a trial of Valsalva appears safe for women with cardiovascular disease in 
pregnancy with lower rates of morbidity than previously reported.
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Results: We included 276 consenting women with congenital heart disease (68.5%), arrhythmias 

(11.2%), connective tissue disease (9.1%), cardiomyopathy (8.0%), valvular disease (1.4%) or 

vascular heart disease (1.8%) at or beyond 24 weeks gestation. Seventy-six percent (n=210) 

planned vaginal birth and 24% (n=66) planned cesarean delivery. Women planning vaginal birth 

had lower rates of left ventricular outflow tract obstruction, multiparity, and preterm delivery. All 

women attempting vaginal birth were allowed to Valsalva. Among planned vaginal deliveries 

86.2% (n=181) were successful with a 9.5% operative vaginal delivery rate. Five women 

underwent operative vaginal delivery for the indication of cardiovascular disease without another 

obstetric indication at the discretion of the delivering provider. Four of these patients tolerated 

trials of Valsalva ranging from 15 to 75 minutes prior to delivery. Adverse cardiac outcomes were 

similar between planned vaginal birth and cesarean delivery groups (4.3% v. 3.0%, p=1). Rates of 

postpartum hemorrhage (1.9% v. 10.6%, p<0.01) and transfusion (1.9% v. 9.1%, p=0.01) were 

lower in the planned vaginal birth group. There were no differences in adverse cardiac, obstetric or 

neonatal outcomes in the cohort overall or the subset of women with high-risk CVD or a high 

burden of obstetric comorbidity.

Conclusions: These findings suggest that cesarean delivery does not reduce adverse 

cardiovascular outcomes and lend support to a planned vaginal birth for the majority of women 

with CVD including those with high-risk disease.
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INTRODUCTION

Improvements in cardiovascular care have led to an increased prevalence of cardiovascular 

disease (CVD) in pregnancy with a rising contribution of CVD to maternal mortality.1,2 

Women with CVD in pregnancy are at an increased risk of adverse obstetric and cardiac 

events.3–7 While risk factors and scoring systems for adverse events in women with CVD 

have been described, most studies fail to explore the impact of management strategies on the 

rates of these outcomes.7–10

Planned mode of delivery is an important decision for pregnant women with CVD and their 

providers. Consensus guidelines typically reserve cesarean delivery for obstetric indications 

with specific exceptions for high risk disease.11,12 However, rates of cesarean delivery for 

women with CVD are higher than those in the general population with a 33% rate of 

primary cesarean delivery for cardiac indications in recent literature.10,14 For women 

attempting vaginal birth, the role of operative vaginal delivery to minimize Valsalva may 

actually increase maternal morbidity.11,14,15 These consensus guidelines are based primarily 

on expert opinion with a paucity of data to support the recommendations.

Though decreasing rates of primary cesarean delivery is a national priority, the impact of 

mode of delivery on current and subsequent pregnancies for women with CVD is largely 

unexplored.16–20 We undertook this study to examine the association between planned mode 

of delivery and maternal morbidity in a population of women with CVD. We hypothesize 
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that in these women planned vaginal birth confers no increased risk of obstetric or 

cardiovascular morbidity compared to planned cesarean delivery.

MATERIALS AND METHODS

We prospectively enrolled pregnant women with CVD receiving care at the Brigham and 

Women’s Hospital from September 2011 through December 2016 in the Standardized 

Outcomes In Reproductive Cardiovascular Care (STORCC) initiative. The Institutional 

Review Boards of the Brigham and Women’s Hospital and Boston Children’s Hospital 

approved this protocol and each patient provided written informed consent. Data was 

collected prospectively at each clinic visit, during all pregnancy admissions and through 

delivery and postpartum care. We categorized women according to their underlying CVD 

into one of the following groups: congenital heart disease, connective tissue disease, 

cardiomyopathy, valvular disease, vascular disease, and arrhythmia. Women were classified 

as having high-risk CVD with a history of any of the following criteria or if they developed 

these high-risk features during pregnancy: New York Heart Association (NYHA) function 

Class > II, oxygen saturation <90%, systemic ejection fraction (EF) < 40%, left ventricular 

outflow tract (LVOT) peak gradient > 30 mmHg, subpulmonary EF <40%, or aortic 

conditions associated with connective tissue disease.

We discussed each woman at a monthly multidisciplinary conference that included 

representatives from maternal-fetal medicine, cardiology, obstetric anesthesia and nursing. 

Delivery discussions included location (labor and delivery, cardiac intensive care unit (ICU), 

cardiac catheterization laboratory, hybrid cardiac operating room), monitoring (telemetry, 

invasive hemodynamic monitoring, continuous pulse oximetry), timing, and mode of 

delivery (vaginal delivery, cesarean delivery, or vaginal delivery with assisted second stage 

with vacuum or forceps). Our practice is to encourage vaginal birth in women with CVD 

unless there is an obstetric indication for cesarean delivery. The ultimate mode of delivery 

was at the discretion of the delivering obstetrician.

For this study we classified women according to their planned mode of delivery into one of 

two groups: planned vaginal birth or planned cesarean delivery. Patients in the planned 

cesarean delivery group were further classified by obstetric eligibility for planned vaginal 

birth. Women with placenta previa, malpresentation, prior uterine surgery, or maternal or 

fetal instability prohibiting labor were considered ineligible for planned vaginal birth. 

Peripartum records were independently reviewed by two obstetricians (SRE, CER) with 

complete ascertainment as to both the planned and actual modes of delivery. Actual mode of 

delivery was defined as vaginal or cesarean delivery. Vaginal delivery was divided into 

spontaneous vaginal delivery or operative vaginal delivery (either vacuum- or forceps-

assisted vaginal delivery). The indication for planned cesarean deliveries, operative vaginal 

deliveries, and unplanned cesarean deliveries in the attempted vaginal birth group were 

noted.

Maternal cardiac, obstetric, and neonatal covariates were collected using standard obstetric 

definitions unless otherwise noted.21 We noted a history of an adverse event in the 

pregnancy of interest based on our primary outcome definition below. To better characterize 
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the burden of medical comorbidity in the cohort, patient comorbidities were collected and 

tallied using the obstetric comorbidity index developed by Bateman and colleagues.22 This 

validated index accounts for medical and obstetric comorbidities with higher scores 

predictive of admission to the ICU and adverse maternal outcomes.

For the present analysis, the primary outcome of interest was a composite outcome of 

peripartum cardiovascular morbidity. The composite cardiac outcome consisted of one or 

more of the following: congestive heart failure (diagnosed by physical examination and 

requiring diuresis), sustained symptomatic arrhythmia (>30 seconds in duration or requiring 

therapy), cerebral vascular event, new or worsening valvar dysfunction, endocarditis, aortic 

dissection, need for cardiac intervention, cardiac arrest, and cardiac death.9 The objective of 

the present study was to determine the impact of attempted mode of delivery on this primary 

composite cardiovascular outcome. Therefore, the primary outcome was considered present 

only if it occurred in the peripartum or 6 week postpartum period and was not present at the 

time of admission for delivery.

Secondary outcomes of interest included mode of delivery, a composite outcome of obstetric 

morbidity, maternal ICU admission, the occurrence of severe maternal morbidity, admission 

to the neonatal intensive-care unit (NICU), and a composite outcome of neonatal morbidity. 

The composite obstetric outcome was based on the primary outcome set forth in the 

Maternal-Fetal Medicine University Networks Assessment of Perinatal Excellence (APEX) 

study with some modifications.23 The composite obstetric outcome included venous 

thromboembolism (including deep venous thrombosis), postpartum hemorrhage, and 

peripartum infection during the first 6 weeks postpartum.23 Severe maternal morbidity was 

defined using the recent consensus guidelines set forth by the American College of 

Obstetricians and Gynecologists (ACOG) and the Society for Maternal-Fetal Medicine.24 As 

with the primary outcome, both severe maternal morbidity and maternal ICU admission 

were considered present only if they occurred in the peripartum period and were absent at 

the time of admission for delivery. We did not include third or fourth degree perineal 

lacerations involving the anal sphincter in the composite obstetric outcome despite their 

association with short and long-term morbidity in line with ACOG recommendations and the 

APEX composite outcome definition.23,25,26 These rates are reported separately. The 

composite neonatal outcome was similarly based on the work of the APEX study and, along 

with NICU admission, limited to term, singleton, nonanomalous fetuses.23

The associations between intended mode of delivery and maternal, fetal, or obstetric 

characteristics were evaluated with the Chi Square test or Fishers Exact test for categorical 

variables or the Wilcoxon rank sum test for continuous variables. Statistical significance was 

defined with a two-tailed p-value <0.05. The heterogeneity of CVD and maternal 

comorbidity in the cohort coupled with the low rate of adverse outcomes limited our 

statistical power to perform adjusted analyses controlling for multiple covariates. We 

therefore conducted multiple preplanned sensitivity analyses examining outcomes for the 

subset of women with CVD and for those with an obstetric comorbidity index above 7. All 

analyses were performed with Statistical Analysis Software (SAS), version 9.4 (Copyright 

2013, SAS Institute, Inc. Cary North Carolina).
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RESULTS

Figure 1 shows the identification and categorization of patients for the current study. Two-

hundred seventy-six women met inclusion criteria and delivered in the time period of 

interest. Of these women, 76.1% (n=210) planned a vaginal birth and 23.9% (n=66) planned 

cesarean delivery. As shown in the Figure, the majority of patients in the cohort had 

congenital heart disease (68.5%), followed by arrhythmias (11.2%), connective tissue 

disease (9.1%), cardiomyopathy (8.0%), valvular disease (1.4%) or vascular heart disease 

(1.8%) The specific cardiac diagnoses are detailed in Supplemental Table 1. There was no 

difference in the type of heart disease between women attempting vaginal birth and those 

planning cesarean delivery (p=0.69). After reviewing each patient in our multidisciplinary 

conference, no patients had a plan for cesarean delivery specifically for the indication of 

cardiac disease.

The demographic and clinical characteristics of eligible women according to planned mode 

of delivery are shown in Table 1. Women attempting vaginal birth had lower rates of 

elevated left ventricular outflow track (LVOT) peak gradients compared to those with 

planning cesarean delivery (4.8% v. 13.6%, p=0.02). Five of the 9 women in the group of 

patients with elevated LVOT peak gradients planning cesarean delivery were elective repeat 

cesarean deliveries after being denied a trial of labor at other institutions during their first 

pregnancies. Rates of adverse cardiac events before and during pregnancy were similar 

between groups.

Table 2 demonstrates the obstetric and intrapartum characteristics for women in the cohort. 

Rates of nulliparity (52.9% v. 28.8%, p<0.01) were higher in the vaginal delivery group 

compared to the cesarean delivery group. Women attempting vaginal birth were less likely to 

be preterm (11.9% v. 28.8%, p<0.01) compared to their cesarean delivery counterparts. 

Other obstetric features including rates of preeclampsia or gestational hypertension, 

gestational diabetes, fetal growth restriction, and fetal anomalies were similar between the 

two groups. The planned cesarean delivery group had a higher median obstetric comorbidity 

index score with similar rates of obstetric comorbidity indices greater than seven.

The mode of delivery with associated indications are displayed in Figure 2. Eighty-six 

percent of the women (n=181) attempting vaginal delivery achieved vaginal birth. The 

majority of these (n=155) were spontaneous vaginal deliveries or vaginal births after 

cesarean deliveries (n=6) with a 9.5% rate of operative vaginal delivery (n=20) in the 

planned vaginal delivery group. All women attempting vaginal birth were allowed to 

Valsalva.

Table 3 presents the details of the five (2.4%) operative vaginal deliveries performed for the 

indication of CVD without another obstetric indication. Although all five women had a plan 

for a trial of Valsalva with no recommendation for assisted second stage from the 

multidisciplinary review, they ultimately underwent operative deliveries at the discretion of 

the delivering provider. Three of the patients had aortic stenosis while one patient 

representing two deliveries had Marfan syndrome with a strong family history of aortic 

dissection. One patient with aortic stenosis was prohibited from a trial of Valsalva at the 
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discretion of the delivering provider. The remainder of the women in the cohort tolerated 

Valsalva without hemodynamic instability.

Twenty-nine women (13.8%) attempting vaginal birth required cesarean delivery for routine 

obstetric indications. For the women planning cesarean delivery 40.9% (n=27) had an 

obstetric indication. The remaining 59.1% (n=39) had no contraindication to attempted 

vaginal birth. Obstetric contraindications to vaginal birth included history of uterine surgery, 

malpresentation of the fetus, placental indications such as previa or abruption, and one 

cesarean delivery for a fetus with anomalies precluding vaginal birth. There were two 

patients with maternal contraindications to vaginal delivery. One of these women had severe 

hemolysis elevated liver function tests and low platelets (HELLP) syndrome and the other 

woman had Marfan syndrome with an acute aortic dissection. Thirty-four of the 39 cesarean 

deliveries performed without obstetric contraindications to labor were elective repeat 

cesarean deliveries.

The primary and secondary outcomes according to planned mode of delivery are presented 

in Table 4. Women attempting vaginal birth had a similar rate of the primary cardiac 

outcome (4.3% v. 3.0%, p=1) compared to their planned cesarean delivery counterparts. One 

patient experienced cardiac arrest at 20 weeks gestation and one patient had a 

cerebrovascular accident in the setting of a mechanical heart valve in the second trimester. 

Neither of these serious adverse events was attributable to delivery. There were no 

significant differences in the rates of secondary maternal outcomes including the composite 

obstetric outcome, severe maternal morbidity, and maternal ICU admission. Women 

planning vaginal birth had lower rates of postpartum hemorrhage (1.9% v. 10.6%, p < 0.01) 

with a lower rate of blood transfusion (1.9% v. 9.1%, p=0.01). Six women (2.9%) in the 

planned vaginal birth group experienced a shoulder dystocia without any neonatal 

complications. Three women (1.4%) in the planned vaginal birth group had a third or fourth 

degree perineal laceration. Rates of admission to the neonatal intensive care unit for 

singleton, term nonanomalous fetuses were low and similar between groups. No neonates in 

either arm experienced the composite neonatal outcome.

In the sensitivity analysis according to the presence of high-risk CVD, women planning 

vaginal birth had similar rates of the primary cardiac outcome (2.8% v. 4.8%, p=1) and the 

composite obstetric outcome (11.1% v. 28.6%, p=0.15) to those planning cesarean delivery. 

Rates of the primary cardiac outcome were similar between those planning vaginal birth and 

those planning cesarean delivery after excluding women with connective tissue disease 

(5.6% v. 7.1%, p=1). When comparing planned vaginal birth to cesarean delivery in the 265 

women with obstetric comorbidity indices less than seven, rates of the cardiac outcome 

(3.4% v. 3.3%, p=1) and the composite maternal outcome (8.8% v. 16.4%, p=0.09) were 

similar.

COMMENT

Principal Findings

This prospective single-center cohort study evaluated delivery associated cardiac and 

obstetric morbidity in women with CVD according to planned mode of delivery. Though 
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women attempting cesarean delivery had higher risk obstetric and cardiac features, rates of 

delivery-associated obstetric and cardiac morbidity were low and similar between groups. 

Additionally, rates of delivery-associated cardiovascular morbidity were much lower than 

previously reported general rates of adverse outcomes for women with CVD in pregnancy.
6,7,9,27,28 This data supports recent consensus guidelines discouraging primary cesarean 

delivery for cardiac indications and raises important questions regarding the 

recommendation to avoid Valsalva in the second stage of labor3,11

Results in Context

This study aims to explore a critical clinical management dilemma in the care of women 

with CVD in pregnancy. The investigators from the European Registry on Pregnancy and 

Heart Disease addressed this question using data from centers across 19 different countries 

and found higher rates of heart failure in women undergoing planned cesarean delivery 

(3.9% v. 8.4%, p<0.001).28 Given the wide variation between patient populations and 

healthcare utilization, our results offer important information for providers caring for 

parturients with CVD in a tertiary care center with a full complement of cardiac and 

obstetric services. Current literature regarding women with CVD in pregnancy largely 

evaluates adverse outcomes across the pregnancy—not outcomes attributable to delivery.
5,8,9,27,29 The few studies focused on delivery-related outcomes for women with CVD in 

pregnancy have compared women with heart disease to a control population without 

cardiovascular comorbidities.10,13 Though these studies provide meaningful assessments of 

risk compared to a healthy population, they offer minimal guidance in clinical decision 

making towards choosing the optimal approach for the management of patients with CVD in 

pregnancy.

Strengths and Clinical Implications

Our work has several strengths over prior published literature. The prospective design allows 

for the evaluation of a variety of important covariates including functional status, history of 

adverse cardiac events, and echocardiographic parameters. These features are carefully 

evaluated in the clinical decision making for women with CVD in pregnancy, but are seldom 

considered in larger database-driven work.13,29 The granularity of data informing the more 

descriptive aspects of our study provide much needed evidence to the obstetricians and 

cardiologists making important clinical decisions about the mode of delivery and role of 

operative vaginal delivery in avoidance of Valsalva. Despite a high level of baseline cardiac 

comorbidity in our cohort, we reserved operative vaginal delivery for obstetric indications 

did not observe any hemodynamic changes or adverse outcomes attributed to Valsalva in the 

second stage of labor. Considering the obligatory increase in maternal morbidity and the 

potential for downstream lifelong consequences from obstetric anal sphincter injuries our 

experience supports liberalizing Valsalva for women with cardiac disease.15,26

Limitations and Research Implications

Despite these strengths, our study is not without limitations. While the single-center design 

minimizes the impact of the provider, it limits our sample size and may limit our 

generalizability given the diversity in management styles for women with CVD. One 

theoretical benefit of cesarean delivery is the opportunity to plan delivery at times when 
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resources and personnel are available. Our academic tertiary care center has the ability to 

mobilize resources to support the delivery of women with cardiovascular disease in 

pregnancy at any time. The role of induction of labor to support the safety of planned 

vaginal birth—particularly in centers with more limited resources—is an important direction 

for future research.

There are baseline obstetric differences between women in the two groups, but the indication 

for cesarean delivery in those undergoing both intrapartum and planned cesarean delivery 

mirror national indications.32 Women with decompensated cardiac status, such as concurrent 

myocardial infarction or severe pulmonary hypertension, were rare in our high-risk group. 

Collaborative studies examining the safety of planned vaginal birth for this uncommon but 

most challenging subgroup of patients are needed. Given the low rate of adverse cardiac 

outcomes in our cohort we are admittedly underpowered to detect a difference between 

groups. With a composite morbidity rate of 4.3% compared to 3.0% and a two-sided alpha 

of 0.05 a minimum of 1614 women would be required in each arm to have even 50% power 

to detect a difference in the rate of cardiac morbidity for women attempting vaginal birth. 

The prevalence of CVD in pregnancy may be a limitation for a well-designed, adequately 

powered, contemporary study.

Conclusions

Even after acknowledging these limitations, our descriptive analysis represents a meaningful 

step to fill the void of evidence addressing mode of delivery for women with cardiac disease. 

The low and similar rate of cardiovascular morbidity according to planned mode of delivery 

offers reassurance to mothers with CVD in pregnancy about the safety of planned vaginal 

birth without an obligatory operative vaginal delivery.11 Future studies examining the safety 

of Valsalva for high risk women and the relative contribution of cesarean delivery to long-

term morbidity in women with cardiovascular disease are warranted.33–35 Our data provide 

evidence to support contemporary guidelines and reassure clinicians about the safety of 

attempted vaginal birth for women with CVD in pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG AT A GLANCE:

Why was this study conducted?

To compare cardiovascular and obstetric morbidity in women with cardiovascular disease 

(CVD) according to plan for vaginal birth or cesarean delivery.

What are the key findings?

Adverse cardiac outcomes were similar between women planning vaginal birth and those 

planning cesarean delivery (4.3% v. 3.0%, p=1). Rates of postpartum hemorrhage (1.9% 

v. 10.6%, p<0.01) and transfusion (1.9% v. 9.1%, p=0.01) were lower in the planned 

vaginal birth group. All women tolerated a trial of Valsalva without hemodynamic 

compromise or adverse cardiac events.

What does this study add to what is already known?

This prospective cohort study from a contemporary patient population managed by a 

multidisciplinary team with a standardized approach to care demonstrates the safety of 

attempted vaginal birth including a trial of Valsalva for women with cardiac disease in 

pregnancy.
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Figure 1: Planned mode of delivery and type of cardiac disease for women in the cohort.
Description: Seventy-six percent of women in the cohort attempted vaginal delivery 

compared to 24% of women planning cesarean delivery. Congenital heart disease was the 

most common type of cardiovascular disease in both groups.
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Figure 2: Actual mode of delivery and associated indications according to planned mode of 
delivery.
Description: Among planned vaginal deliveries 86.2% (n=181) were successful with a 9.5% 

operative vaginal delivery rate. Fifty-nine percent of women planning cesarean delivery had 

no contraindication to attempted vaginal birth with elective repeat cesarean delivery as the 

the most common indication for cesarean in this group.
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Table 1:

Demographic and clinical characteristics according to planned mode of delivery

Characteristic Total (N=276) Planned Vaginal Birth (n=210) Planned Cesarean Delivery 
(n=66) p-value

a

Maternal age (years) 
b 32.6 (29.2-35.4) 32.4 (29.2-35.0) 33.5 (29.4-37.5) 0.06

Race/Ethnicity

0.34

 White, Not Hispanic 193 (69.9) 142 (67.6) 51 (77.3)

 Black 21 (7.6) 17 (8.1) 4 (6.1)

 Hispanic, White 30 (10.9) 23 (10.9) 7 (10.6)

 Hispanic, Nonwhite 3 (1.1) 3 (1.4) 0 (0)

 Asian 12 (4.4) 12 (5.7) 0 (0)

 Other/Declined 17 (6.2) 13 (6.2) 4 (6.1)

Smoking 20 (7.3) 14 (6.7) 6 (9.1) 0.59

Prepregnancy BMI ≥ 30 kg/m2 62 (22.5) 44 (21.0) 18 (27.3) 0.28

Chronic Hypertension 12 (4.4) 7 (3.3) 5 (7.6) 0.17

Pregestational Diabetes 3 (1.1) 2 (0.95) 1 (1.5) 0.56

Prior Adverse Event 39 (14.1) 30 (14.3) 9 (13.6) 0.89

High-Risk Cardiac Disease
c

 Connective Tissue Disease 25 (9.1) 18 (8.6) 7 (10.6) 0.62

 NYHA Class > II 6 (2.2) 3 (1.4) 3 (4.5) 0.15

 Oxygen Saturation < 90% 1 (0.37) 0 (0) 1 (1.5) 0.24

 Systemic EF < 40% 8 (2.9) 5 (2.4) 3 (4.6) 0.40

 LVOT Peak Gradient > 30 mm/Hg 19 (7.0) 10 (4.8) 9 (13.6) 0.02

Adverse Event in Pregnancy
d 15 (5.4) 8 (3.8) 7 (10.6) 0.06

a
p-value calculated by Chi-Square test or Fisher exact test for categorical variables unless otherwise noted.

b
Continuous variables presented as median (interquartile range) with p-value calculated by Wilcoxon Rank Sum test.

c
High risk CVD defined as one or more of the following risk factors: prior adverse event, New York Heart Association (NYHA) Class > II, oxygen 

saturation < 90%, systemic ejection fraction (EF) < 40%, and left ventricular outflow tract (LVOT) peak gradient >30 mmHg, subpulmonary EF 
<40% or connective tissue disease.

d
Adverse event in pregnancy includes heart failure, sustained symptomatic arrhythmia, new or worsening valvar dysfunction, endocarditis, aortic 

dissection, need for cardiac intervention, cardiac arrest, and cardiac death not associated with delivery.

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

EASTER et al. Page 16

Table 2:

Obstetric and intrapartum characteristics according to planned mode of delivery

Characteristic Total (N=276) Planned Vaginal Birth 
(n=210)

Planned Cesarean Delivery 
(n=66) p-value

a

Nulliparous 130 (47.1) 111 (52.9) 19 (28.8) <0.01

Gestational Age < 37 Weeks 44 (15.9) 25 (11.9) 19 (28.8) <0.01

Spontaneous Conception 247 (89.5) 189 (90.0) 58 (87.9) 0.62

Preeclampsia or Gestational Hypertension 25 (9.1) 18 (8.6) 7 (10.6) 0.62

Gestational Diabetes 19 (6.9) 14 (6.7) 5 (7.6) 0.78

Intrauterine Growth Restriction 38 (13.8) 28 (13.3) 10 (15.2) 0.69

Fetal Anomalies 21 (7.6) 16 (7.6) 5 (7.6) 1

Multiple Gestation 3 (1.1) 2 (0.95) 1 (1.5) 0.56

Neuraxial Analgesia 261 (94.6) 199 (94.8) 62 (93.9) 0.76

Obstetric Comorbidity Index
b 4 (3-5) 4(3-5) 5 (3-6) <0.01

Obstetric Comorbidity Index > 7 11 (4.0) 6 (2.9) 5 (7.6) 0.14

a
p-value calculated by Chi-Square test or Fisher exact test for categorical variables unless otherwise noted.

b
Continuous variables presented as median (interquartile range) with p-value calculated by Wilcoxon Rank Sum test.
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Table 3:

Details of patients with assisted second stage for cardiac disease.

Case Disease Details of Cardiac Disease
a Minutes of 

Valsalva Outcome

1 Marfan 
Syndrome

Aortic root 3.3 cm with strong family history of 
dissection 75 Uncomplicated vacuum-assisted 

delivery

2 Marfan 
Syndrome

Aortic root 3.3 cm with strong family history of 
dissection 30 Uncomplicated forceps-assisted 

delivery

3 Aortic Stenosis Subaortic stenosis s/p repair and resultant moderate 
stenosis and severe regurgitation 15 Uncomplicated vacuum-assisted 

delivery

4 Aortic Stenosis
Severe aortic stenosis s/p aortic valve replacement with 
development of ascending aortic aneurysm (peak 
gradient 79 mmHg mean gradient 47 mmHg)

75
Uncomplicated vacuum-assisted 

vaginal delivery; postpartum aortic 
valve replacement

5 Aortic Stenosis Severe but stable aortic stenosis (peak gradient 79 
mmHg mean gradient 47 mmHg) 0

Forceps-assisted vaginal delivery 
complicated by fourth degree 

perineal laceration and breakdown 
requiring multiple reoperations

a
Aortic root area and peak and mean aortic valve gradient listed for patients on the transthoracic echocardiogram closest to delivery.
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Table 4:

Obstetric and cardiovascular outcomes according to planned mode of delivery

Outcome Total (N=276) Planned Vaginal Birth (n=210) Planned Cesarean Delivery (n=66) p-value
a

Composite Cardiac Outcome
b 11 (4.0) 9 (4.3) 2 (3.0) 1

 Sustained Arrhythmia 1 (0.36) 1 (0.48) 0 (0) 1

 Heart Failure 9 (3.3) 7 (3.3) 2 (3.0) 1

Composite Obstetric Outcome
c 33 (12.0) 21 (10.0) 11 (18.2) 0.08

Postpartum Hemorrhage 11 (4.0) 4 (1.9) 7 (10.6) <0.01

 Blood Transfusion 10 (3.6) 4 (1.9) 6 (9.1) 0.01

 Estimated Blood Loss ≥ 1500 cc 8 (2.9) 3 (1.4) 5 (7.6) 0.02

 Hysterectomy 2 (0.72) 1 (0.48) 1 (1.5) 0.42

Peripartum Infection 24 (8.8) 19 (9.1) 5 (7.6) 0.81

 Chorioamnionitis 11 (4.0) 11 (5.2) 0 (0) 0.07

 Endometritis 7 (2.5) 4 (1.9) 3 (4.6) 0.36

 Wound Cellulitis 4 (1.5) 3 (1.4) 1 (1.5) 1

 Wound Reopening 2 (0.72) 1 (0.48) 1 (1.5) 0.42

Venous Thromboembolism 3 (1.1) 0 (0) 3 (4.6) 0.01

Severe Maternal Morbidity 17 (6.2) 9 (4.3) 8 (12.1) 0.04

Maternal ICU Admission 3 (1.1) 1 (0.48) 2 (3.0) 0.14

NICU Admission
d 5 (2.4) 4 (2.3) 1 (2.4) 1

Composite Neonatal Outcome
d 0 (0) 0 (0) 0 (0) 1

a
p-value calculated by Chi-Square test or Fisher exact for categorical variables.

b
None of the cases of cerebral vascular accidents (n=1), cardiac arrest (n=1), endocarditis, percutaneous intervention (n=5), aortic dissection (n=1), 

or cardiac surgery (n=6) were attributable to delivery. There were no maternal deaths.

c
Composite obstetric outcome consisting of postpartum hemorrhage, peripartum infection, venous thromboembolism.

d
Neonatal ICU (NICU) admission and composite neonatal outcome limited to 37 week, singleton, nonanomalous fetuses. Composite neonatal 

outcome includes 5 minute Apgar < 4, skeletal fracture, nerve palsy, subgaleal hemorrhage, intubation within the first 24 hours for at least two 
days, hypoxic ischemic encephalopathy, and neonatal death.
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