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Abstract

Background: Women with cardiomyopathies are at risk for pregnancy complications. Optimal 

mode of delivery in these patients is guided by expert opinion and limited small studies.

Objectives: The objective of this study is to examine the association of delivery mode with 

severe maternal morbidity events during delivery hospitalization and readmissions among patients 

with cardiomyopathies.

Methods: The Premier inpatient administrative database was used to conduct a retrospective 

cohort study of pregnant patients with a diagnosis of a cardiomyopathy. Utilizing a target 

trial emulation strategy, the primary analysis compared outcomes among patients exposed to 

intended vaginal delivery versus intended cesarean delivery (intention to treat). A secondary 
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analysis compared outcomes among patients who delivered vaginally versus by cesarean (as-

treated). Outcomes examined were non-transfusion severe maternal morbidity during the delivery 

hospitalization, blood transfusion and readmission.

Results: The cohort consisted of 2,921 deliveries. In the primary analysis (intention to treat), 

there was no difference in non-transfusion morbidity (adjusted odds ratio [aOR], 1.17; 95% 

confidence interval [CI], 0.91–1.51), blood transfusion (aOR, 1.27; 95% CI, 0.81–1.98) or 

readmission (aOR, 1.03; 95% CI, .73–1.44) between intended vaginal delivery and intended 

cesarean delivery. In the as-treated analysis, cesarean delivery was associated with a 2-fold higher 

risk of non-transfusion morbidity (aOR, 2.44; 95% CI, 1.85–3.22) and blood transfusion (aOR, 

2.26; 95% CI, 1.34–3.81) when compared to vaginal delivery.

Conclusions: In patients with cardiomyopathies, a trial of labor does not confer a higher risk of 

maternal morbidity, blood transfusion or readmission compared with planned cesarean delivery.

Tweet summarizing our paper:

In patients with cardiomyopathies, a trial of labor does not confer a higher risk of maternal 

morbidity, blood transfusion or readmission compared with planned cesarean delivery.

Three hashtags: #SOAPHQ #ACOG #CardioOB
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INTRODUCTION

Individuals with cardiomyopathy are at high risk of pregnancy complications, and those 

with ejection fraction less than 30% are counselled to avoid becoming pregnant or terminate 

their pregnancy due to the high associated risks of morbidity (39%) and mortality during 

pregnancy, delivery and postpartum.(1,2) Despite the short and long-term risks, many 

women with cardiomyopathies or history of heart failure become pregnant. With close 

follow up and multidisciplinary Pregnancy Heart Team care, many patients can achieve 

successful deliveries.(3) As Pregnancy Heart Teams develop across the world, data specific 

to each cardiac condition and data examining management strategies are needed to guide 

tailored clinical management and mode of delivery recommendations in these high-risk 

patients.

Vaginal delivery is the recommended mode of delivery for most patients with 

cardiomyopathies as the hemodynamic stress, and the risk of bleeding, thrombosis, 

air embolism and infection are lower than with cesarean delivery.(1,4) Though this 

recommendation is generally accepted by experts, data quantifying these risks are scant 

and would be useful as teams and patients make decisions about delivery mode. Currently 

the available data examining morbidity and mortality and optimal mode of delivery in 

patients with cardiomyopathies are from small retrospective and prospective databases and 

case series.(2,5–7) A multicenter randomized trial comparing outcomes according to mode 

of delivery in patients with cardiomyopathy is unlikely to be feasible. Large, observational 
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studies examining real world data can fill this gap and provide estimates of morbidity events 

specific to this population to inform delivery planning and postpartum care. The objective of 

this observational study is to examine the association of delivery mode with severe maternal 

morbidity (SMM) events during delivery hospitalization and readmissions among patients 

with cardiomyopathies in the United States. We hypothesize that a trial of labor does not 

confer higher risk of SMM compared with unlabored cesarean delivery.

METHODS

Study Design and Population

This study was deemed exempt from review by the Duke University Health System 

Institutional Review Board. We conducted a retrospective cohort study using a large 

administrative database (Premier Healthcare Database, Premier Inc., Charlotte, North 

Carolina). Details of the dataset and readmission data have been previously described.

(8) This study follows the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines.(9) The cohort for this study consisted of patients 12 

to 55 years old, who had both an International Classification of Diseases, Tenth Edition 

(ICD-10) diagnosis code for delivery after 25 weeks’ gestation (Z3A.25-Z3A.42) and for 

cardiomyopathy (Supplemental table 1) (Figure 1). Planned (intended) vaginal delivery 

was defined as an ICD-10 code for vaginal delivery (O80 or Z37.x or procedure codes: 

10E0XZZ, 10D07Z3, 10D07Z4, 10D07Z5, 10D07Z6, 10D07Z7, 10D07Z8) and cesarean 

delivery was defined by presence of an ICD-10 procedure codes (10D00Z0, 10D00Z1, 

10D00Z2) from January 1, 2016, to September 30, 2020. Patients with ICD-10 codes 

consistent with a delivery (i.e., Z37.*, O80, 10E0XZZ, 0W8NXZZ) were also classified 

as vaginal deliveries if no ICD-10 codes for cesarean delivery were present. Intrapartum 

cesarean delivery was defined as previously described as the presence of a cesarean delivery 

code plus an ICD-10 code for fetal distress, failed operative delivery, cord prolapse, fetal-

maternal disproportion, obstructed labor, abnormal forces of labor, long labor, and failed 

induction (Supplemental Table 2).(8) Operative deliveries (e.g., vacuum or forceps) were 

classified as vaginal deliveries unless a cesarean delivery code was also present.

Exposures, Outcomes, and Covariates

In the primary analysis, the exposure variable of interest was intended route of delivery, to 

reflect the clinical decision faced when counseling pregnant patients - obstetric providers 

cannot know whether a trial of labor will result in a successful vaginal delivery or an 

intrapartum cesarean delivery (Supplemental Table 2). Utilizing a target trial emulation 

strategy, we refer to this approach as the ‘intention-to-treat’ approach (commonly utilized 

in randomized controlled trials), considering the primary comparison to be intended 

vaginal delivery, including both vaginal delivery and intrapartum cesarean delivery versus 

non-intrapartum cesarean delivery.(10) We performed a secondary analysis, an ‘as-treated 

analysis’, in which the ultimate mode of delivery was compared, that is, vaginal deliveries 

were compared to all cesarean deliveries including intrapartum cesarean deliveries.

The primary outcome was defined a priori as a diagnosis of any non-transfusion severe 

maternal morbidity, as defined by the Centers for Disease Control and Prevention (CDC), 
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during the delivery hospitalization.(11) As utilized in prior studies, we adjusted the CDC 

definition to include acute events that were not included in the original definition, such 

as acute heart failure and aortic dissection codes, and removed codes deemed to reflect 

chronic illness not acute morbidity events (e.g., Moya Moya disease) (Supplemental Table 

3).(8,11) A morbidity event had to be not present on admission in order to be included 

as an outcome. Secondary maternal outcomes included blood transfusion of 4 or more 

units of packed red blood cells and readmission to delivery hospital within 90 days. We 

present descriptively in-hospital mortality, intensive care unit admission, length of stay and 

the cardiovascular treatments provided at any point in the delivery hospitalization such as 

vasopressors, inotropes, pulmonary vasodilators and extracorporeal membrane oxygenator 

(ECMO) use.

Similar to our previous work,(8) the covariates in the models were selected a priori based 

on known maternal morbidity risk factors, prior literature, and subject-matter expertise: 

age, payor category, the comorbidities present in the expanded obstetric comorbidity index 

with some adjustments (Supplemental Table 4).(12) Cardiomyopathy codes present in the 

obstetric comorbidity index were not adjusted for in the analysis as they define the cohort.

Some heart failure ICD-10 codes signify chronic disease with an acute heart failure 

component (Supplemental table 1). These codes could therefore be used as both inclusion 

criteria and outcomes, thus these codes were not included as inclusion criteria in the primary 

analysis but as outcomes when not present on admission. We then conducted a sensitivity 

analysis where we added these acute on chronic codes as inclusion criteria.

Statistical Analysis

Demographic and clinical characteristics of the cohort are reported, stratified by delivery 

mode. Descriptive statistics were used to examine the study population with categorical 

variables reported as counts and frequencies, and continuous data reported as median 

with interquartile range. Patient characteristics were compared between groups defined 

by intended mode of delivery and by actual mode of delivery using Wilcoxon rank sum 

tests for continuous variables and using chi-squared or Fisher’s exact tests, as appropriate. 

Multivariable logistic regression models were used to compare outcomes (primary: any 

non-transfusion severe maternal morbidity, secondary: blood transfusion of four or more 

units of packed red blood cells and readmission to delivery hospital within 90 days) by 

intended (primary analysis), and actual mode of delivery (secondary analysis), and with 

acute on chronic codes as inclusion criteria (sensitivity analysis). Covariates included in the 

logistic regression models are as described earlier.(12) Treatments that occurred during the 

delivery hospitalization are reported descriptively, but were not included as covariates in the 

statistical models, as these variables were considered as mediators (occurring on the causal 

pathway from exposure to outcome) rather than confounders.

The results are reported as odds ratio with 95% confidence intervals. Statistical analyses 

were performed using SAS, Version 9.4 (SAS Institute, Cary, North Carolina). A two-sided 

alpha level of 0.05 was pre-specified as statistically significant.
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RESULTS

Demographic and Clinical Characteristics

The cohort consisted of 2,921 individual deliveries in people with a diagnosis of 

cardiomyopathy (Table 1 and Figure 1). Individuals whose intended mode of delivery 

was vaginal delivery were younger than whose intended mode of delivery was cesarean 

delivery (30 [26, 35] years versus 32 [28, 36] years). Individuals admitted with cesarean 

as the intended mode of delivery had more preexisting comorbidities than those whose 

intended mode of delivery was vaginal. The most common comorbidities (Table 1) were 

chronic hypertension (intended cesarean 32.3% versus intended vaginal 23.4%), preexisting 

anemia (intended cesarean 24.9% versus intended vaginal 21.9%), asthma (intended 

cesarean 22.4% versus intended vaginal 20.1%), mental health disorders (intended cesarean 

20.9% versus intended vaginal 19.5%), substance use disorders (intended cesarean 17.3% 

versus intended vaginal 18.1%), gastrointestinal disease (intended cesarean 15.5% versus 

intended vaginal 11.8%), gestational diabetes (intended cesarean 12.6% versus intended 

vaginal 8.5%), preexisting diabetes (intended cesarean 11.0% versus intended vaginal 

7.3%) and neuromuscular disease (intended cesarean 8.9% versus intended vaginal 8.3%). 

Preeclampsia or gestational hypertension complicated over 30% of deliveries (562 had codes 

for preeclampsia or gestational hypertension only, 327 had codes for preeclampsia with 

severe features or hemolysis elevated liver enzymes low platelet syndrome only, 81 had 

codes for both). Preterm delivery occurred in 25% of completed vaginal deliveries and 50% 

of all cesarean deliveries. Prior cesarean birth was more common among individuals whose 

intended mode of delivery was cesarean versus vaginal (53.5% versus 10.6%).

Outcomes

Among patients exposed to intended vaginal deliveries, 68% (n=1,214) were successful 

in achieving a vaginal birth. One third of the intended vaginal deliveries resulted in 

intrapartum cesarean deliveries (n=564). Operative vaginal delivery was performed in 10% 

of the vaginal deliveries (n=125). The primary outcome of non-transfusion severe maternal 

morbidity occurred in 14.8% of all deliveries (8.2% of completed vaginal deliveries, 

17.1% of intended cesarean deliveries and 24.5% of intrapartum cesarean deliveries). The 

most common non-transfusion severe maternal morbidity events across the whole cohort 

were need for mechanical ventilation (5.6%), respiratory distress (5.6%), renal failure 

(3.4%), shock (2.7%), heart failure (3.3%) and pulmonary edema (1.3%) (Table 2). Red 

blood cell transfusion of more than 4 units occurred more often in completed cesarean 

deliveries, (planned 4.6% or intrapartum 6%) compared to successful vaginal deliveries, 

1.9%. Readmission within 90 days of delivery hospitalization occurred in 6.7% of deliveries.

In the primary ‘intention to treat’ analysis there was no difference in non-transfusion 

morbidity between intended vaginal delivery (including intrapartum cesarean deliveries) and 

intended cesarean delivery groups (adjusted odds ratio [aOR], 1.17; 95% confidence interval 

[CI], 0.91–1.51), blood transfusion (aOR, 1.27; 95% CI, 0.81–1.98) or readmission (aOR, 

1.03; 95% CI, .73–1.44). In the secondary ‘as treated’ analysis, cesarean delivery (including 

intrapartum cesarean deliveries) was associated with a 2-fold increase of non-transfusion 

morbidity (aOR, 2.44; 95% CI, 1.85–3.22) and blood transfusion (aOR, 2.26; 95% CI, 1.34–
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3.81) compared to vaginal delivery, but no difference in 90-day readmission (aOR, 1.26; 

95% CI, 0.89–1.79). Model results are presented in Supplemental Table 5 and Figure 2. The 

cumulative incidence of readmissions by mode of delivery is presented in Figure 3. Eleven 

of the 12 patients who died had at least one code for a morbidity event.

Sensitivity Analysis

The sensitivity analysis which included people with acute on chronic heart failure 

(additional 112 individuals included) revealed similar results for both the ‘intention to 

treat’ analysis and the ‘as treated’ analysis with no difference in the risk of severe 

maternal morbidity between individuals who had a trial of labor and those who delivered 

via intended cesarean delivery but increased risk of non-transfusion morbidity and blood 

transfusion when intrapartum cesarean deliveries were analyzed in the cesarean delivery 

group. (Supplemental Tables 6–8 and Supplemental Figure 1). The cumulative incidence 

of readmissions by mode of delivery in the sensitivity analysis cohort is presented in 

Supplemental Figure 2.

Table 2 presents intensive care unit admission, length of stay and the cardiovascular 

treatments provided at any point in the delivery hospitalization. Patients who we delivered 

via intrapartum cesarean delivery or cesarean delivery were given vasopressors, inotropes, 

pulmonary vasodilators more often than patients who achieved vaginal deliveries. ECMO 

was used in less than 10 patients, all delivering via intrapartum cesarean delivery except one 

delivering via planned cesarean.

DISCUSSION

This large retrospective study of pregnant individuals with cardiomyopathies demonstrated 

that there may not be an association of intended delivery mode with severe maternal 

morbidity events during delivery hospitalization or 90-day readmission. A trial of labor 

in these patients did not confer a higher risk of SMM compared with unlabored cesarean 

delivery. However, the risk of morbidity is three-fold higher in the group of individuals 

that required an intrapartum cesarean delivery. It is not possible to predict which patients 

will need intrapartum deliveries, thus we performed our analyses to be clinically relevant 

to the usual decision-making process where providers and patients choose an intended 

mode of delivery rather than an actual mode of delivery. The comparison between the 

intention to treat primary analysis (trial of labor versus planned cesarean delivery) and 

the as-treated analysis (outcome of vaginal versus cesarean delivery) highlights the higher 

morbidity associated with cesarean deliveries that occur in the context of a trial of labor 

when compared to planned cesarean delivery, and suggests a high degree of vigilance is 

needed intraoperatively and postoperatively in these cases. Additionally, these data may be 

useful in informing delivery discussions in preconception and pregnancy in patients with 

cardiomyopathies.

Data from patients with all etiologies of cardiac disease from the International Registry of 

Cardiac Disease and Pregnancy (ROPAC), suggest that planned caesarean delivery confers 

no maternal benefit compared to trial of labor.(13) Expert opinions support the practice of 

trials of labor in the majority of patients with cardiac disease, reserving cesarean deliveries 
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for obstetric or fetal indications and for patients on oral anticoagulants, severe aortic disease 

and in those with acute intractable heart failure.(1,4,14) Yet reports of outcomes by mode 

of delivery are limited in cohort size with most only reporting cardiomyopathies among 

all other etiologies of cardiac disease. Here we report the impact of delivery mode on 

morbidity, specifically in over 2,900 individuals with cardiomyopathy. This cohort had a 

slightly higher rate of planned, unlabored cesarean delivery (39%) compared to retrospective 

database (31%) and prospective hospital-based cohorts (24%), likely reflecting the increased 

likelihood of providers in specialized centers to follow expert guidance favoring vaginal 

deliveries.(13,14) The Premier hospitals taken together represent diversity in hospital types 

and Levels of Maternal Care such that it is expected that more cesarean deliveries are 

performed due to staffing and resource constraints.

One in seven patients, 15%, experienced a maternal morbidity event. The most common 

types of morbidity events in this cohort relate to cardiopulmonary failure (mechanical 

ventilation, respiratory distress, renal failure, shock, heart failure and pulmonary edema). 

Pregnant patients with cardiomyopathies should therefore be cared for in centers equipped 

to deliver advanced cardiopulmonary support peridelivery.(1,3,15,16) Beyond the high risk 

of morbidity among people who delivered via intrapartum cesarean, there is an high rate 

of intrapartum cesarean delivery in this cohort such that centers should also be prepared 

for urgent, high-risk intrapartum cesarean deliveries. The morbidity data here highlight 

that this population should deliver in centers where in-house consultation is available with 

critical care, cardiology, nephrology and cardiac surgery and centers where there are on-site 

medical or surgical intensive care units with expertise in managing critically ill obstetric 

patients (1,3,16). Factors which may be associated with being in the highest risk group, 

intrapartum cesarean delivery group, include those associated with a higher likelihood of 

induction failure, including a trial of labor after cesarean delivery, growth restricted fetus, 

morbid and super obesity, symptomatic heart failure, nulliparity, and extremes of maternal 

age; however, prediction of successful vaginal delivery remains notoriously challenging in 

obstetric practice (17).

The operative vaginal delivery rates reported from Premier are comparable to American 

academic centers of Pregnancy Heart Team excellence, approximately 10% of all vaginal 

deliveries among patients with cardiac disease.(14) The rate of operative vaginal deliveries 

was one-third of that reported in the ROPAC series of pregnant patients with all types 

of cardiac disease, likely reflecting that our cohort is specifically cardiomyopathy patients 

and reflecting the temporal trend of allowing more women with cardiac disease to have 

unassisted vaginal deliveries.(13) Over the last decade there has been a recognition that 

though there are select patients who should not push (large aortopathy, preload sensitive 

lesions, severe left ventricular outflow obstruction, hypertrophic cardiomyopathy, severe 

mitral or aortic stenosis) the Valsalva maneuver (maternal expulsive effort) is often 

well tolerated and not as harmful as previously thought and the bleeding and laceration 

complications associated with forceps delivery might be more detrimental.(18)

The high rates of 90-day readmission, preeclampsia and preterm delivery highlight 

the importance of thorough antenatal and postpartum cardiovascular follow-up as the 

physiologic changes of pregnancy take weeks to months to resolve and reaccumulation of 
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fluid, heart failure and arrythmia events may occur in the interim. Enhanced preeclampsia 

surveillance is necessary in this population and research to identify overlapping mechanisms 

between preeclampsia and heart failure is necessary. These data about high rates of 

prematurity may aid in pre-pregnancy counseling and patient centered decision making.

There are a few notable strengths of this study. The size of our cohort allowed us to 

have the power to examine associations detect associations between mode of delivery 

and outcomes, overcoming limitations of previous studies.(13,14) The ‘Intention to treat’ 

analysis is clinically relevant and mirrors real-life decisions that patients and providers 

face. Additionally, we provide estimates of morbidity and readmissions among people 

with cardiomyopathies which may be useful in helping patients and providers decide if 

pregnancy risk is prohibitive but also in delivery center and postpartum care planning to 

ensure adequate resources and follow up are available or to ensure transfer of care is 

initiated when it can be anticipated that it may be necessary. The Premier dataset is not 

representative of all the United States, but disease burden and management are similar to 

previous reports such that we feel that these results are modestly generalizable, though 

caution is necessary when applying results to maternal centers with different levels of 

care. Not all centers may be able to mobilize care for a high-risk cesarean delivery at 

all hours, therefore, resulting morbidity after intrapartum cesarean delivery may differ by 

center. Centers without consistent comprehensive Pregnancy Heart Team care coverage may 

appropriately opt for more planned cesarean deliveries to ensure appropriate personnel and 

resources are available.

Several key limitations exist due to the confines of the dataset. Severity of cardiomyopathy 

and functional status are not captured in billing codes in administrative datasets, so 

we are unable to group patients by severity of disease or specifically control for these 

known risk factors for increased pregnancy morbidity in people with cardiomyopathy. As 

demonstrated by Grewal et al, moderate or severe left ventricular dysfunction or New 

York Heart Association Functional class III or IV are the main risk factors for adverse 

events in pregnancy among women with dilated cardiomyopathies.(2) Registries that can 

examine disease severity and functional status may have the ability to identify the exact 

factors contributing to the heightened morbidity risk among people who require intrapartum 

cesarean deliveries. We also included all forms of cardiomyopathy in a single category for 

study power, it would be useful to perform future comparisons by cardiomyopathy type. 

It is not possible to identify if a cesarean delivery was performed for maternal cardiac 

indications. Therefore, we cannot identify if any of the intrapartum cesarean deliveries were 

performed due to declining cardiopulmonary function such that the morbidity is not due to 

the cesarean delivery itself but rather the underlying condition that prompted the expedited 

delivery. Patients who are planned for an intended cesarean delivery differ from patients 

who are planned for an intended vaginal delivery in several important ways which can be 

observed and adjusted for in this analysis (e.g., higher rates of prior cesarean delivery), 

and potentially in ways that cannot be completely adjusted for in this analysis (e.g., higher 

rates of more severe cardiac disease). As with all observational studies, particularly those 

with administrative data, we cannot exclude completely the possibility of unmeasured 

confounding by indication. Though over 90% of the in-hospital mortalities are represented 

by co-existing morbidity codes, we are unable to account for patients who died outside of 
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the delivery hospital. Only readmissions to delivery hospitals are available in this dataset, 

so there is underreporting of the readmission outcome. We used a vast array of covariables 

known to influence maternal outcomes; however, residual confounding is possible, with 

severity of disease and maternal functional status being the largest likely unmeasured 

variables. We are unable to examine fetal outcomes in this dataset. It has been previously 

demonstrated that planned cesarean delivery is associated with adverse fetal outcomes.(13)

Our large retrospective study of obstetric patients with cardiomyopathies supports current 

guidelines recommending avoidance of cesarean delivery in most patients with maternal 

cardiac disease unless there is an obstetric or fetal indication. Further studies examining 

outcomes based on management strategies are needed to advance the field of cardio-

obstetrics. Randomized controlled trials examining management options are unfeasible; 

therefore, large observational studies examining real world data such as these can provide 

guidance on clinical management and inform individualized decisions about pregnancy 

continuation and care. These data should provide reassurance to patients and providers that a 

trial of labor is a safe option for most patients with cardiomyopathies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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COMPETENCY IN MEDICAL KNOWLEDGE:

In a cohort of pregnant patients with cardiomyopathies, a trial of labor does not confer 

a higher risk of maternal morbidity, blood transfusion or readmission compared with 

planned cesarean delivery.

TRANSLATIONAL OUTLOOK:

Our large observational studies examining real world data of obstetric patients with 

cardiomyopathies supports current guidelines recommending avoidance of cesarean 

delivery in most patients with maternal cardiac disease unless there is an obstetric or 

fetal indication. Further studies examining outcomes based on management strategies are 

needed to advance the field of cardio-obstetrics.
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Figure 1: 
Derivation of study cohort. This flowchart demonstrates how the cohorts were created for 

the ‘Intention to Treat’ and ‘As Treated’ analyses.
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Figure 2: 
Main study analysis and sensitivity analysis, Unadjusted and adjusted outcomes among 

women with CM/HF by mode of delivery, primary analysis by intended mode of delivery 

and secondary analysis by actual mode of delivery.
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Figure 3: 
Cumulative incidence of readmissions, by mode of delivery.
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Central Illustration: 
Maternal morbidity by mode of delivery (Created with BioRender.com)
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