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BACKGROUND: A better understanding of optimal modes of delivery
is important for guiding peripartum recommendations for patients with
cardiomyopathy and may differ by cardiomyopathy type.
OBJECTIVE: This study examines the association between mode of
delivery and maternal morbidity events in patients with different types of car-
diomyopathy: hypertrophic, dilated, peripartum, and other or unspecified.
STUDY DESIGN: This retrospective cohort study used the Premier
Healthcare inpatient database, including patients aged 12 to 55 years
who gave delivered after 25 weeks’ gestation with a diagnosis of cardio-
myopathy between 2016 and 2020. Patients were categorized into hyper-
trophic, dilated, peripartum, or other or unspecified cardiomyopathy
subtypes based on International Classification of Diseases, Tenth edition
codes. Mode of delivery was classified as vaginal or cesarean. Cesarean
delivery was further classified as planned or intrapartum cesarean delivery.
The exposure was the intended mode of delivery to simulate real-life deliv-
ery planning decisions (vaginal delivery, both completed and intrapartum
cesarean delivery, vs planned cesarean delivery). An analysis by actual
mode of delivery was also performed (completed vaginal deliveries vs
intrapartum cesarean delivery and planned cesarean delivery). Outcomes
included severe maternal morbidity, blood transfusion, 90-day readmis-
sion, and inotrope use. Each outcome was analyzed by cardiomyopathy
subtype. Statistical analyses included descriptive comparisons and multi-
variable logistic regression, adjusting for age, insurance type, and
comorbidities.
RESULTS: There were 1872 deliveries across all cardiomyopathy sub-
types. Among the subtypes, the peripartum cardiomyopathy group dis-
played the highest rates of intrapartum cesarean delivery (34%) and
severe maternal morbidity (32%), and the hypertrophic cardiomyopathy
group displayed the lowest rates (20% and 7%, respectively). There were
no significant differences in severe maternal morbidity among patients
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with dilated (odds ratio, 1.50 [0.68−3.27]), peripartum (odds ratio, 1.32
[0.87−2.03]), or other (odds ratio, 0.80 [0.51−1.24]) cardiomyopathy
when comparing intended cesarean vs intended vaginal delivery. In con-
trast, in the hypertrophic cardiomyopathy group, the odds ratio was 3.73
[1.56−13.57] for severe maternal morbidity when comparing intended
cesarean vs intended vaginal delivery. In the analysis by actual mode of
delivery, all cardiomyopathy subgroups had greater odds of severe mater-
nal morbidity in cesarean vs vaginal delivery: hypertrophic (odds ratio,
3.98 [1.06−14.91]), dilated (odds ratio, 4.05 [1.64−10.00]), peripartum
(odds ratio, 2.47 [1.50−4.07]), and other (odds ratio, 2.18 [1.36
−3.51]). Among patients who delivered via cesarean delivery, the odds of
severe maternal morbidity were higher across all subgroups, and rates of
severe maternal morbidity events among the group requiring intrapartum
conversion to cesarean delivery were high, suggesting this population to
be at the highest risk.
CONCLUSION: Among patients with hypertrophic cardiomyopathy, a
trial of labor was associated with lower morbidity compared with a planned
cesarean delivery, implying either that more morbid patients were selected
for cesarean or that cesarean delivery was uniquely less optimal than vagi-
nal delivery for hypertrophic cardiomyopathy patients in comparison to
other cardiomyopathies in this cohort. Although a trial of labor is the rec-
ommended mode of delivery for most patients with cardiomyopathy,
patients at greatest risk are those who require intrapartum conversion to
cesarean. Prospective studies are needed to determine the safe length of
time in labor in these patients and the factors leading to unplanned cesar-
ean delivery.
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hypertrophic cardiomyopathy, inotrope, mode of delivery, peripartum
cardiomyopathy
Introduction

T he diagnosis of cardiomyopathy
encompasses diverse etiologies with

markedly different physiologic and hemo-
dynamic profiles, each of which requires
tailored peripartum management and
special considerations when determining
the mode of delivery.1−4 For example,
although preexisting cardiomyopathy in
pregnancy is uncommon, affecting 76.1
(95% confidence interval [CI], 73.6−78.7)
cases per 100,000 delivery hospitaliza-
tions, it is associated with a 2-fold increase
in perinatal mortality compared with peri-
partum cardiomyopathy.5

Further, in comparison with patients
with dilated cardiomyopathies, those
with hypertrophic cardiomyopathy gen-
erally tolerate the increased blood vol-
ume of pregnancy well, though they
remain at some risk for heart failure,
arrhythmias, and syncope.6,7 Debate
persists regarding the safest mode of
delivery in patients with hypertrophic
cardiomyopathy because of concerns
about hemodynamic sensitivity with
changes in preload and the hemody-
namic effects of the Valsalva maneuver
during vaginal delivery. Compared with
patients with hypertrophic cardiomyop-
athy, who may benefit from fluid resus-
citation and typically do not require
inotropic medications, patients with
heart failure with a reduced ejection
fraction, including those with dilated or
peripartum cardiomyopathy, frequently
require fluid restriction, diuresis, or ino-
tropic medications.3
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Why was this study conducted?
To examine how types of cardiomyopathy with distinct hemodynamic chal-
lenges affect maternal outcomes based on the mode of delivery.

Key findings
Among patients with hypertrophic cardiomyopathy, a trial of labor was associ-
ated with lower morbidity than a planned cesarean delivery. Among patients
with dilated, peripartum, or other cardiomyopathy, cesarean delivery was associ-
ated with higher odds of inotrope use.

What does this add to what is known?
Among pregnant patients with hypertrophic, dilated, or peripartum cardiomy-
opathy, a trial of labor does not significantly increase the risk of maternal mor-
bidity, blood transfusion, or hospital readmission compared with cesarean
delivery. However, patients who delivered by unscheduled cesarean delivery had
higher odds of morbidity compared with vaginal delivery or planned cesarean
delivery.

Original Research
A better understanding of optimal
modes of delivery (ie, vaginal vs cesar-
ean) is important to guide peripartum
recommendations for patients with
different etiologies of cardiomyopathy.
Compared with vaginal deliveries,
cesarean deliveries pose greater hemo-
dynamic stress and increased risks of
bleeding, thrombosis, embolism, and
infection.1,2 However, patients with
heart failure with reduced ejection frac-
tion (HFrEF) may be unable to suffi-
ciently augment cardiac output in
response to the physiological demands
of pregnancy and labor, leading to an
increased risk of symptomatic heart
failure and arrhythmias.3,8−10 Expert
consensus suggests that a trial of labor
is preferred for most patients with stable
HFrEF (dilated and peripartum),
reserving cesarean delivery for those
with hemodynamic instability, severe
obstruction, or obstetrical indications.2

In a recent retrospective cohort study of
2921 pregnant patients with cardiomy-
opathy, we found no increased maternal
morbidity with vaginal delivery com-
pared with planned cesarean delivery.11

However, further analysis by cardiomy-
opathy subtype is warranted because
of differences in underlying pathophysi-
ology.
The objective of this study was to

examine the association of mode of
delivery with maternal morbidity
2 AJOG MFM November 2026
events, inotropic medication use, and
hospital readmissions in patients with
differing types of cardiomyopathy:
hypertrophic, dilated, peripartum, and
other or unspecified. We hypothesized
that, across all subtypes of cardiomyop-
athy, a trial of labor would not confer a
higher risk of maternal morbidity when
compared with planned cesarean deliv-
ery. We also hypothesized that inotrope
use would be higher in patients with
dilated or peripartum cardiomyopathy
and in those requiring cesarean delivery
compared with vaginal delivery. We
aimed to provide insights into the opti-
mal management strategies specific to
varying types of cardiomyopathies to
inform future practice.

Materials and methods
After institutional review board review
and exemption, a retrospective cohort
study was conducted using the Premier
Healthcare inpatient administrative
database. The cardiomyopathy cohort
consisted of patients aged 12 to 55 years
from January 1, 2016, to September 30,
2020, who had International Classifica-
tion of Diseases, Tenth Edition (ICD-
10) diagnosis codes for both delivery
after 25 weeks’ gestation (Z3A.25-
Z3A.42) and cardiomyopathy. Cardio-
myopathy subtypes were hypertrophic
(I42.1-I42.2), dilated (I42.0), peripar-
tum (O90.3), and other or unspecified
(I42.8-I42.9). Patients with both hyper-
trophic and other or unspecified cardio-
myopathy were included in the
hypertrophic subtype. Patients with
both dilated and other or unspecified
cardiomyopathy were included in the
dilated subtype. Patients with both
peripartum and other or unspecified
cardiomyopathy were included in the
peripartum subtype. Patients with any
other combinations of cardiomyopathy
diagnosis categories were excluded.
ICD-10 codes were also used to

define vaginal delivery and cesarean
delivery. Intrapartum cesarean deliver-
ies were defined by ICD-10 codes
for cesarean delivery plus fetal
distress, failed operative delivery, cord
prolapse, fetal-maternal disproportion,
obstructed labor, abnormal forces of
labor, long labor, or failed induction
(Supplemental Table 1).12 Cesarean
deliveries without evidence of labor
were classified as ‘unlabored cesarean
deliveries.’ We used the term “unla-
bored” rather than “planned” because
clinical intent cannot be reliably deter-
mined from administrative data.
The exposure variable of interest was

mode of delivery. Data were analyzed
on an intention-to-treat basis, compar-
ing presumed intended vaginal delivery
(vaginal delivery and intrapartum cesar-
ean delivery) with intended cesarean
delivery (unlabored cesarean delivery).
The choice of this primary analysis was
used to reflect clinical decision making
when counseling pregnant patients on
mode of delivery because providers can-
not know with certainty whether a trial
of labor will result in a vaginal delivery
or intrapartum cesarean delivery. In
addition, we also performed as-treated
analyses, which compared completed
vaginal delivery with all cesarean deliv-
eries (intrapartum and unlabored cesar-
ean deliveries). Outcomes were non
−transfusion severe maternal morbidity
(SMM) events (as defined by the Cen-
ters for Disease Control and Preven-
tion) during birth hospitalization, blood
transfusion (>4 units of packed red
blood cells [pRBC]), readmission to the
birth hospital within 90 days, intensive
care unit (ICU) stay, and inotropic
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medication use during birth hospitaliza-
tion.13 These analyses were performed
separately for all 4 cardiomyopathy sub-
types.
Descriptive statistics were used to

examine the study population. Patient
characteristics were compared between
the groups using Wilcoxon rank sum
tests and chi-square or Fisher exact tests.
Multivariable logistic regression models
were used to compare outcomes by
mode of delivery for both intention-to-
treat and as-treated analyses. Covariates
in the models were selected a priori and
included age, payor category, and comor-
bidities (Supplemental Table 2).14 For the
outcomes of SMM and readmission, the
non−transfusion weighted index was
used, and for the outcome of transfusion,
the SMM weighted index was used.

Results
Cohort
The cohort consisted of 1872 deliveries:
hypertrophic (n=233), dilated (n=203),
FIGURE 1
Derivation of study cohort

‘Intention-to-treat’ analyses compared intended va
(unlabored Cesarean). ‘As-Treated’ analyses comp
+unlabored cesarean delivery).
Meng. Type of cardiomyopathy and mode of delivery. Am J Ob
peripartum (n=428), and other or
unspecified (n=1008) cardiomyopathy
(Figure 1). Baseline characteristics,
including age, insurance status, hospital
characteristics, and comorbidities, are
shown in Table 1 and Supplemental
Table 2. The rate of intrapartum cesar-
ean delivery (trial of labor resulting in
cesarean delivery) was highest for peri-
partum cardiomyopathy (34%), fol-
lowed by other or unspecified
cardiomyopathy (24 %), dilated cardio-
myopathy (24%), and hypertrophic car-
diomyopathy (20%). The rate of
intrapartum cesarean delivery was 15%
for all deliveries in this Premier Health-
care dataset. The rate of operative vagi-
nal delivery among completed vaginal
deliveries was higher across the cardio-
myopathy cohort: dilated cardiomyopa-
thy (18%), peripartum cardiomyopathy
(16%), hypertrophic cardiomyopathy
(13%), and other or unspecified cardio-
myopathy (8%), compared with the rate
of 6% for all deliveries in the Premier
ginal deliveries (vaginal delivery+intrapartum cesa
ared actual vaginal deliveries (vaginal) and actual ce

stet Gynecol MFM 2026.
Healthcare dataset. The rates of pre-
eclampsia with severe features or hemo-
lysis, elevated liver enzymes, and low
platelet count syndrome among patients
who delivered via cesarean delivery
were highest for peripartum cardiomy-
opathy (33%), followed by other or
unspecified cardiomyopathy (11%),
hypertrophic cardiomyopathy (11%),
and dilated cardiomyopathy (10%).

Severe maternal morbidity
The crude incidence of SMM events was
highest for peripartum cardiomyopathy
(32%), followed by dilated cardiomyop-
athy (18%), other or unspecified cardio-
myopathy (11%), and hypertrophic
cardiomyopathy (7%) (Table 2). Across
all cardiomyopathy groups, SMM
events occurred more frequently during
cesarean delivery than during vaginal
delivery. For all cardiomyopathy groups
except hypertrophic cardiomyopathy,
SMM events were more frequent during
intrapartum cesarean delivery than
rean delivery) and intended cesarean deliveries
sarean deliveries (intrapartum cesarean delivery

November 2026 AJOG MFM 3



TABLE 1
Selected baseline characteristics for hypertrophic, dilated, peripartum, and other or unspecified cardiomyopathy subtypes

All completed
VB

Intrapartum
CB Unlabored CB

Intention-to-treat:
Intended Vaginal Delivery
(VB + Intrapartum CB)

As-treated: All Cesarean
Deliveries
(Intrapartum +
Unlabored CB) P value

Intended Actual

Hypertrophic n=117 n=30 n=86 n=147 n=116

Age, y 29 (25−34) 32 (25−34) 31 (27−34) 29 (25−34) 31 (27−34) .084 .068

Primary
Payor

Managed care 44 (37.6%) 10 (33.3%) 28 (32.6%) 54 (36.7%) 38 (32.8%) .165 .514

Medicaid 50 (42.7%) 13 (43.3%) 44 (51.2%) 63 (42.9%) 57 (49.1%)

Medicare 1 (0.9%) 0 (0.0%) 3 (3.5%) 1 (0.7%) 3 (2.6%)

Other 22 (18.8%) 7 (23.3%) 11 (12.8%) 29 (19.7%) 18 (15.5%)

Prior cesarean delivery 6 (5.1%) 3 (10.0%) 40 (46.5%) 9 (6.1%) 43 (37.1%) <.001 <.001

Multiple gestation 1 (0.9%) 1 (3.3%) 5 (5.8%) 2 (1.4%) 6 (5.2%) .055 .054

Chronic hypertension 13 (11.1%) 6 (20.0%) 24 (27.9%) 19 (12.9%) 30 (25.9%) .004 .004

PEC-SF/HELLP 3 (2.6%) 3 (10.0%) 10 (11.6%) 6 (4.1%) 13 (11.2%) .028 .009

Preterm delivery 17 (14.5%) 9 (30.0%) 33 (38.4%) 26 (17.7%) 42 (36.2%) .001 <.001

Dilated n=91 n=28 n=84 n=119 n=112

Age, y 30 (25−34) 30 (25−36) 33 (29−36) 30 (25−34) 32 (28−36) .003 .036

Primary payor Managed care 27 (29.7%) 12 (42.9%) 21 (25.0%) 39 (32.8%) 33 (29.5%) .043 .171

Medicaid 49 (53.8%) 10 (35.7%) 43 (51.2%) 59 (49.6%) 53 (47.3%)

Medicare 2 (2.2%) 1 (3.6%) 10 (11.9%) 3 (2.5%) 11 (9.8%)

Other 13 (14.3%) 5 (17.9%) 10 (11.9%) 18 (15.1%) 15 (13.4%)

Prior cesarean delivery 3 (3.3%) 10 (35.7%) 42 (50.0%) 13 (10.9%) 52 (46.4%) <.001 <.001

Multiple gestation 2 (2.2%) 0 (0.0%) 7 (8.3%) 2 (1.7%) 7 (6.3%) .023 .163

Chronic hypertension 26 (28.6%) 9 (32.1%) 29 (34.5%) 35 (29.4%) 38 (33.9%) .440 .414

PEC-SF / HELLP 4 (4.4%) 5 (17.9%) 6 (7.1%) 9 (7.6%) 11 (9.8%) .910 .142

Preterm delivery 24 (26.4%) 15 (53.6%) 52 (61.9%) 39 (32.8%) 67 (59.8%) <.001 <.001

(continued)
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TABLE 1
Selected baseline characteristics for hypertrophic, dilated, peripartum, and other or unspecified cardiomyopathy subtypes (continued)

All completed
VB

Intrapartum
CB Unlabored CB

Intention-to-treat:
Intended Vaginal Delivery
(VB + Intrapartum CB)

As-treated: All Cesarean
Deliveries
(Intrapartum +
Unlabored CB) P value

Intended Actual

Peripartum n=147 n=74 n=207 n=221 n=281

Age, y 29 (25−34) 31 (25−36) 30 (26−35) 30 (25−35) 30 (26−35) .700 .236

Primary payor Managed care 33 (22.4%) 25 (33.8%) 52 (25.1%) 58 (26.2%) 77 (27.4%) .613 .164

Medicaid 96 (65.3%) 37 (50.0%) 118 (57.0%) 133 (60.2%) 155 (55.2%)

Medicare 7 (4.8%) 3 (4.1%) 10 (4.8%) 10 (4.5%) 13 (4.6%)

Other 11 (7.5%) 9 (12.2%) 27 (13.0%) 20 (9.0%) 36 (12.8%)

Prior Cesarean delivery 4 (2.7%) 20 (27.0%) 92 (44.4%) 24 (10.9%) 112 (39.9%) <.001 <.001

Multiple gestation 2 (1.4%) 3 (4.1%) 20 (9.7%) 5 (2.3%) 23 (8.2%) .001 .004

Chronic hypertension 25 (17.0%) 19 (25.7%) 53 (25.6%) 44 (19.9%) 72 (25.6%) .160 .043

PEC-SF/HELLP 21 (14.3%) 25 (33.8%) 68 (32.9%) 46 (20.8%) 93 (33.1%) .005 <.001

Preterm delivery 57 (38.8%) 48 (64.9%) 125 (60.4%) 105 (47.5%) 173 (61.6%) .008 <.001

Other/Unspecified n=477 n=153 n=378 n=630 n=531

Age, y 31 (26−36) 32 (26−36) 32 (28−36) 31 (26−36) 32 (28−36) .010 .033

Primary payor Managed care 144 (30.2%) 52 (34.0%) 109 (28.8%) 196 (31.1%) 161 (30.3%) .249 .047

Medicaid 250 (52.4%) 74 (48.4%) 192 (50.8%) 324 (51.4%) 266 (50.1%)

Medicare 13 (2.7%) 10 (6.5%) 24 (6.3%) 23 (3.7%) 34 (6.4%)

Other 70 (14.7%) 17 (11.1%) 53 (14.0%) 87 (13.8%) 70 (13.2%)

Prior cesarean delivery 30 (6.3%) 36 (23.5%) 233 (61.6%) 66 (10.5%) 269 (50.7%) <.001 <.001

Multiple gestation 9 (1.9%) 3 (2.0%) 22 (5.8%) 12 (1.9%) 25 (4.7%) .001 .013

Chronic hypertension 110 (23.1%) 58 (37.9%) 123 (32.5%) 168 (26.7%) 181 (34.1%) .046 <.001

PEC-SF/HELLP 17 (3.6%) 26 (17.0%) 34 (9.0%) 43 (6.8%) 60 (11.3%) .209 <.001

Preterm delivery 92 (19.3%) 91 (59.5%) 156 (41.3%) 183 (29.0%) 247 (46.5%) <.001 <.001
Values are presented as median (interquartile range) for age and number (percentage) for all other results.

All CB, intrapartum cesarean delivery+unlabored cesarean delivery; CB, cesarean delivery; HELLP, hemolysis, elevated liver enzymes, and low platelets; Intended VB, vaginal delivery+intrapartum cesarean delivery; PEC-SF, preeclampsia with severe features; VB, vaginal
delivery.

Meng. Type of cardiomyopathy and mode of delivery. Am J Obstet Gynecol MFM 2026.
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TABLE 2
Selected outcomes for hypertrophic, dilated, peripartum, and other/unspecified cardiomyopathy subtypes

All Completed VB
Intrapartum
CB

Unlabored
CB

Intention-to-treat:
Intended Vaginal Delivery
(VB+Intrapartum CB)

As-treated: All
Cesarean Deliveries
(Intrapartum+
Unlabored CB) P value

Intended Actual

Hypertrophic SMM event (composite) 3 (2.6%) 2 (6.7%) 12 (14.0%) 5 (3.4%) 14 (12.1%) .003 .005

Intensive care stay 6 (5.1%) 9 (30.0%) 20 (23.3%) 15 (10.2%) 29 (25.0%) .007 <.001

Length of stay after delivery 1 (1−1) 2 (2, 3) 2 (1−3) 1 (1−2) 2 (2−3) <.001 <.001

42-day hospital readmission 1 (0.9%) 4 (13.3%) 8 (9.3%) 5 (3.4%) 12 (10.3%) .058 .002

90-day hospital readmission 2 (1.7%) 4 (13.3%) 8 (9.3%) 6 (4.1%) 12 (10.3%) .106 .006

Any inotrope use 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) N/A N/A

<4 Units pRBC blood transfusion 1 (0.9%) 2 (6.7%) 14 (16.3%) 3 (2.0%) 16 (13.8%) <.001 <.001

≥4 Units pRBC blood transfusion 1 (0.9%) 1 (3.3%) 2 (2.3%) 2 (1.4%) 3 (2.6%) .627 .370

Dilated SMM event (composite) 7 (7.7%) 10 (35.7%) 19 (22.6%) 17 (14.3%) 29 (25.9%) .126 .001

Intensive care stay 21 (23.1%) 13 (46.4%) 38 (45.2%) 34 (28.6%) 51 (45.5%) .015 .001

Length of stay after delivery 1 (1−2) 2 (2−5) 3 (2−4) 1 (1−2) 3 (2−4) <.001 <.001

42-day hospital readmission 3 (3.3%) 4 (14.3%) 7 (8.3%) 7 (5.9%) 11 (9.8%) .497 .068

90-day hospital readmission 3 (3.3%) 4 (14.3%) 7 (8.3%) 7 (5.9%) 11 (9.8%) .497 .068

Any inotrope use 7 (7.7%) 5 (17.9%) 8 (9.5%) 12 (10.1%) 13 (11.6%) .895 .352

<4 Units pRBC blood transfusion 9 (9.9%) 3 (10.7%) 8 (9.5%) 12 (10.1%) 11 (9.8%) >.999 >.999

≥4 Units pRBC blood transfusion 2 (2.2%) 2 (7.1%) 7 (8.3%) 4 (3.4%) 9 (8.0%) .206 .116

Peripartum SMM event (composite) 27 (18.4%) 36 (48.6%) 73 (35.3%) 63 (28.5%) 109 (38.8%) .133 <.001

Intensive care stay 43 (29.3%) 41 (55.4%) 105 (50.7%) 84 (38.0%) 146 (52.0%) .008 <.001

Length of stay after delivery 1 (1−3) 4 (2−5) 3 (2−5) 2 (1−4) 3 (2−5) .008 <.001

42-day hospital readmission 11 (7.5%) 6 (8.1%) 17 (8.2%) 17 (7.7%) 23 (8.2%) .842 .799

90-day hospital readmission 11 (7.5%) 6 (8.1%) 17 (8.2%) 17 (7.7%) 23 (8.2%) .842 .799

Any inotrope use 13 (8.8%) 8 (10.8%) 18 (8.7%) 21 (9.5%) 26 (9.3%) .772 .889

<4 Units pRBC blood transfusion 18 (12.2%) 15 (20.3%) 32 (15.5%) 33 (14.9%) 47 (16.7%) .894 .257

≥4 Units pRBC blood transfusion 3 (2.0%) 9 (12.2%) 7 (3.4%) 12 (5.4%) 16 (5.7%) .353 .089

(continued)
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during unlabored cesarean delivery. In
the hypertrophic cardiomyopathy
cohort, intended vaginal delivery
(including intrapartum cesarean deliv-
ery) had lower rates of SMM than
planned cesarean delivery (3.4% vs
14%) (P=.003). The most common
SMM events in the hypertrophic cardio-
myopathy group were acute respiratory
distress syndrome (5.8%), acute heart
failure (3.5%), acute renal failure
(3.5%), and disseminated intravascular
coagulation (3.5%) (Supplemental Table
3). Among the 15 patients with hyper-
trophic cardiomyopathy who required
operative vaginal delivery, there was
only 1 episode of SMM (conversion of
cardiac rhythm). In the dilated cardio-
myopathy group, the most common
SMM events were acute respiratory dis-
tress syndrome (8.2%), acute renal fail-
ure (7.8%), ventilation (7.4%), shock
(7.3%), and acute heart failure (6.9%).
In the peripartum cardiomyopathy
group, the most common SMM events
were ventilation (15.8%), acute respira-
tory distress syndrome (12.3%), acute
heart failure (9.1%), shock (6.5%), and
acute renal failure (6.5%) (Supplemental
Table 3).

Patients with peripartum cardiomy-
opathy had a higher rate of SMM when
compared with the previously published
full cohort comprising all types of car-
diomyopathies (31.7% vs 14.8%, respec-
tively).11 This increased rate of SMM in
patients with peripartum cardiomyopa-
thy was observed across all 3 modes of
delivery when compared with the over-
all cohort of patients with cardiomyopa-
thy (Supplemental Table 3).

In the primary analysis comparing
intended vaginal delivery with intended
cesarean delivery, differences were
noted across cardiomyopathy type
(Figure 2; Table 2; Supplemental Tables
3 and 4). Comparing intended cesarean
delivery with intended vaginal delivery,
there were higher odds of SMM with
intended cesarean delivery among
patients with hypertrophic cardiomyop-
athy (odds ratio [OR], 3.73 [1.18
−11.82]). There were no significant dif-
ferences in the odds of SMM among
patients with dilated (OR, 1.50 [0.68
−3.27]), peripartum (OR, 1.32 [0.87
November 2026 AJOG MFM 7



FIGURE 2
Unadjusted odds ratios for outcomes

Intended (blue) and actual (orange) modes of delivery (cesarean vs vaginal). A, severe maternal morbidity. B, >4 units packed red blood cell transfusion.
C, 90-day hospital readmission. D, inotrope use by cardiomyopathy subtype.
Meng. Type of cardiomyopathy and mode of delivery. Am J Obstet Gynecol MFM 2026.

TABLE 3
Odds of severe maternal morbidity by cardiomyopathy subtype

Mode of
delivery

Odds
ratio 95% CI Interpretation

Hypertrophic Intended 3.73 1.18−11.82 Higher Morbidity with intended cesarean

Actual 3.98 1.06−14.91 Higher morbidity with actual cesarean

Dilated Intended 1.50 0.68−3.27 No increased risk with trial of labor

Actual 4.05 1.64−10.00 Higher morbidity with actual cesarean

Peripartum Intended 1.32 0.87−2.03 No increased risk with trial of labor

Actual 2.47 1.50−4.07 Higher morbidity with actual cesarean

Other/Unspecified Intended 0.80 0.51−1.24 No increased risk with trial of labor

Actual 2.18 1.24−14.95 Higher morbidity with actual cesarean
CI, confidence interval.

Meng. Type of cardiomyopathy and mode of delivery. Am J Obstet Gynecol MFM 2026.
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−2.03]), or other (OR, 0.80 [0.51
−1.24]) cardiomyopathy for intended
cesarean vs intended vaginal delivery.
In the secondary analysis reclassify-

ing patients based on their actual deliv-
ery route (regardless of whether a trial
of labor was attempted), among patients
who actually underwent cesarean deliv-
ery vs vaginal delivery, there were
increased odds of severe morbidity
among all cardiomyopathy subgroups:
hypertrophic (OR, 3.98 [1.06−14.91]),
dilated (OR, 4.05 [1.64−10.00]), peri-
partum (OR, 2.47 [1.50−4.07]), and
other (OR, 2.18 [1.36−3.51]) (Table 3).

Blood transfusion
Rates of blood transfusion (>4 units)
varied by cardiomyopathy subtype, with
the lowest rates of transfusion among
patients with hypertrophic cardiomyop-
athy (0.9% for vaginal delivery, 3.3%
for intrapartum cesarean, and 2.3% for
planned cesarean), followed by other
cardiomyopathy (0.6% for vaginal deliv-
ery, 4.6% for intrapartum cesarean, and
8 AJOG MFM November 2026
3.4% for planned cesarean). Patients
with dilated cardiomyopathy received
transfusions (of >4 units pRBC) in 2.2%
of vaginal deliveries, 7.1% of intrapartum
cesarean deliveries, and 8.3% of planned
cesarean deliveries, whereas patients
with peripartum cardiomyopathy
received transfusions in 2.0% of vaginal
deliveries, 12.2% of intrapartum cesar-
eans, and 3.4% of planned cesarean
deliveries (Table 2).
For the intention-to-treat analysis,

there was no statistically significant dif-
ference in the risk of transfusion among



Original Research
any subgroup for intended cesarean vs
intended vaginal delivery. For the as-
treated analysis, the other cardiomyopa-
thy subgroup had higher odds of trans-
fusion (OR, 4.30 [1.24−14.95]) with
cesarean delivery.
Intensive care unit care and hospital
readmission
For the hypertrophic cardiomyopathy
group, ICU care was required more fre-
quently for cesarean delivery compared
with vaginal delivery in both intention-
to-treat (23.3% vs 10.2% [P=.007]) and
as-treated (25.0% vs 5.1% [P<.001])
analyses, although this group had lower
rates of ICU care compared with other
subtypes (Table 2). For peripartum car-
diomyopathy, ICU care was more fre-
quently required for cesarean delivery
compared with vaginal delivery in both
the intention-to-treat (57.8% vs 38.3%
[P=.008]) and as-treated (52.0% vs
29.3% [P<.001]) analyses. Similarly, for
dilated cardiomyopathy, ICU care was
more frequently required for cesarean
delivery compared with vaginal delivery
for both intention-to-treat and as-
treated analyses.
Patients with peripartum cardiomy-

opathy had a higher rate of ICU stay
among all modes of deliveries when
compared with the full cohort of cardio-
myopathies (all cardiomyopathies:
vaginal delivery 13.4%, intrapartum
cesarean delivery 29.6%, and cesarean
delivery 29.4%; peripartum cardiomy-
opathy: vaginal delivery 29.3%, intra-
partum cesarean delivery 55.4%, and
cesarean delivery 50.7%).11 Among
patients with peripartum cardiomyopa-
thy, there was a significantly higher
prevalence of ICU stay with cesarean
delivery in both primary (vaginal deliv-
ery 38% vs unlabored cesarean 50.7%
[P=.008]) and secondary (as-treated
vaginal delivery 29.3% vs as-treated
cesarean delivery 52% [P<.001]) analy-
ses. Among the intention-to-treat analy-
ses, there was no significant difference
between 90-day readmission for
intended cesarean and intended vaginal
delivery for any subgroup. For the as-
treated analysis, cesarean delivery was
associated with higher odds of
readmission (OR, 5.36 [1.14−25.21])
compared with vaginal delivery.
Inotrope use
For patients with dilated cardiomyopa-
thy, inotrope use was higher in cesarean
delivery compared with vaginal delivery
in both intention-to-treat (OR, 4.62
[1.38−15.47]) and as-treated (OR, 13.64
[1.75−106.62]) analyses (Supplemental
Table 4). Inotropes were used between
3 days before and 7 days after birth. The
percentage of patients receiving any
inotrope during this period varied
between 2% and 6% and was highest on
the day of birth. The day of highest use
was 2 days before birth for dopamine,
on the day of birth for epinephrine and
dobutamine, and 7 days after birth for
milrinone.

For patients with peripartum cardio-
myopathy, there were no significant dif-
ferences between cesarean delivery and
vaginal delivery regarding inotrope use
in intention-to-treat analyses. In as-
treated analyses, patients who had a
cesarean delivery were significantly
more likely to use inotropes (17.4% vs
5.4% [P=.001]) compared with those
who had vaginal delivery. Patients who
had a cesarean delivery had significantly
increased odds of inotrope use com-
pared with those who had vaginal deliv-
ery (OR, 3.37 [1.52−7.47]). For patients
with other cardiomyopathy, there was
no significant difference in inotrope use
in the intention-to-treat analysis. For
the as-treated analysis, patients who
underwent cesarean delivery had signif-
icantly higher odds of inotrope use (OR,
9.70 [2.26−41.59]). No inotropes were
used in any patients with hypertrophic
cardiomyopathy.
Mortality
Across the entire cohort, there were 10
in-hospital mortality events: 7 in the
other or unspecified cardiomyopathy
group (3 vaginal deliveries, 3 intrapar-
tum cesarean deliveries, and 1 unla-
bored cesarean delivery) and 3 in the
peripartum cardiomyopathy group (1
vaginal delivery and 2 unlabored cesar-
ean deliveries) (Supplemental Table 3).
There were no mortality events in either
the hypertrophic or dilated cardiomy-
opathy groups.

Comment
Principal findings
In this cohort, across all subtypes of car-
diomyopathy, a trial of labor was not
associated with greater SMM when
compared with unlabored cesarean
delivery. In patients with hypertrophic
cardiomyopathy, a trial of labor was
associated with lower odds of SMM
when compared with unlabored cesar-
ean delivery. However, among patients
who delivered via cesarean delivery, the
odds of SMM were higher across all
subgroups, and the rates of SMM events
among the group requiring intrapartum
conversion to cesarean delivery were
high, suggesting this population to be at
the highest risk. Notably, the rates of
intrapartum conversion to cesarean
delivery and the rates of SMM events
varied across subtypes of cardiomyopa-
thy.

Clinical implications
These findings highlight important dif-
ferences in the risks associated with the
mode of delivery across clinical popula-
tions. Risks can be related to the proce-
dure itself or differences in patient
disease and its severity. In individuals
with dilated, peripartum, or other car-
diomyopathy, the primary analysis did
not show a statistically significant dif-
ference in morbidity by intended deliv-
ery mode, suggesting that a trial of
labor may be a reasonable and safe
option in well-selected patients. How-
ever, the secondary analysis demon-
strated a marked increase in morbidity
among those who underwent cesarean
delivery, particularly intrapartum cesar-
ean delivery, reinforcing the importance
of careful labor planning, real-time car-
diac monitoring, and vigilance about
mitigating increased risks when a trial
of labor is unsuccessful in these
patients. Although obstetrical indica-
tions for cesarean delivery may arise in
any patient, patients with cardiomyopa-
thy who are selected to undergo a trial
of labor should have a favorable a priori
chance of successful vaginal delivery,
such as younger maternal age, lower
November 2026 AJOG MFM 9
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body mass index and gestational weight
gain, and a favorable cervical
examination.15,16 The elevated operative
vaginal delivery rates in the cardiomy-
opathy cohort (8% to 18%) vs the gen-
eral Premier Healthcare population
(6%) likely reflect a deliberate shorten-
ing of the second stage. The risks and
benefits of operative vaginal delivery are
an important consideration when
selecting the mode of delivery. The
choice to perform a planned cesarean
delivery to avoid possible maternal and
neonatal morbidity from operative
delivery when prolonged Valsalva is
contraindicated is reasonable and may
be desired by some patients.
In contrast to other cardiomyopathy

subtypes, in the hypertrophic cardiomy-
opathy group, both analyses favored
vaginal delivery over cesarean delivery,
even among the patients who under-
went a trial of labor but ultimately
required a cesarean delivery. These find-
ings suggest that a trial of vaginal deliv-
ery is preferred in this population and
underscore the understanding that,
compared with other types of cardiomy-
opathy, the hemodynamic changes
of pregnancy and labor are generally
well-tolerated in hypertrophic
cardiomyopathy.12,17

Research implications
Although a trial of labor is the recom-
mended mode of delivery for most
patients with cardiomyopathy, patients
at greatest risk are those who require
intrapartum conversion to cesarean.
Prospective multicenter cardio-obstetric
registries with detailed cardiovascular
phenotyping, clinician-adjudicated
diagnoses, and standardized collection
of maternal, obstetrical, and institu-
tional factors will be essential to identify
patients at the highest risk for intrapar-
tum cesarean delivery, optimize delivery
planning, and refine individualized rec-
ommendations regarding mode of
delivery.

Strengths and limitations
Limitations of this study relate primar-
ily to the nature of the dataset. As an
administrative dataset relying on billing
and diagnosis codes, the Premier
10 AJOG MFM November 2026
Healthcare inpatient dataset lacks gran-
ular clinical detail. Over half of the
population has an unspecified cardio-
myopathy type, New York Heart Asso-
ciation (NYHA) functional class is
unavailable,6 and echocardiographic
parameters were not captured. Access
to left ventricular ejection fraction
(LVEF) would likely have been prog-
nostic for severity of illness, and a lower
LVEF would likely be associated with
planned cesarean delivery.

Since diagnosis codes are assigned
primarily for billing rather than
research purposes, administrative data-
sets are susceptible to diagnostic mis-
classification. We could not validate the
accuracy of ICD-10 coding for cardio-
myopathy subtype within the Premier
Healthcare database. Consequently,
diagnostic misclassification is possible,
particularly for specific cardiomyopathy
subtypes. Such misclassification could
have attenuated the observed differen-
ces between the groups and may par-
tially explain the large proportion of
patients classified as having unspecified
or other cardiomyopathy. The large
proportion of patients classified as hav-
ing other or unspecified cardiomyopa-
thy likely reflects, at least in part, the
limitations of administrative coding and
the absence of detailed clinical pheno-
typing. This limitation is particularly
important because this heterogeneous
subgroup demonstrated the highest
observed rates of adverse maternal out-
comes. Future studies using prospective
registries or clinician-adjudicated diag-
noses are needed to confirm these find-
ings. Although large administrative
datasets provide sufficient sample sizes
to study rare conditions such as cardio-
myopathy in pregnancy, they lack the
detailed cardiovascular phenotyping
necessary for individualized risk assess-
ment. Future prospective multicenter
registries incorporating NYHA func-
tional class, modified World Health
Organization classification, echocardio-
graphic parameters, and other measures
of disease severity will be essential to
refine delivery recommendations and
improve patient counseling.

For the hypertrophic cardiomyopa-
thy cohort specifically, the absence of
left ventricular outflow tract (LVOT)
gradient and Valsalva symptom data is
notable because patients with severe
LVOT obstruction or Valsalva-pro-
voked symptoms are often recom-
mended for planned cesarean delivery.
Similarly, we were unable to distinguish
obstructive from nonobstructive hyper-
trophic cardiomyopathy, despite impor-
tant differences in pathophysiology,
management, and pregnancy risk
between these phenotypes. Because of
this limitation of the dataset, we were
unable to evaluate whether delivery out-
comes vary between these important
clinical subgroups.
The dataset also does not capture the

acuity of diagnosis, which would likely
influence both mode of delivery deci-
sions and maternal morbidity out-
comes. A patient presenting with acute
decompensated heart failure and a new
cardiomyopathy diagnosis is likely
more acutely ill than one with a known,
monitored cardiomyopathy or a prior
peripartum cardiomyopathy diagnosis
with recovered LVEF. Likewise, the
database does not distinguish spontane-
ous preterm delivery from medically
indicated preterm delivery. Because
medically indicated preterm delivery
may reflect worsening maternal cardio-
vascular status or obstetrical complica-
tions, we were unable to determine the
extent to which preterm delivery influ-
enced decisions regarding induction of
labor or planned cesarean delivery.
Codes used to identify indications for

cesarean delivery are likely applied
imprecisely, and misclassification bias
between patients with unlabored and
intrapartum cesarean deliveries is possi-
ble. Institutional characteristics that
likely influence maternal outcomes,
including maternal level of care desig-
nation, availability of dedicated cardio-
obstetrics programs, multidisciplinary
expertise, and access to specialized car-
diovascular, obstetrical, anesthesiology,
and neonatal services, were not avail-
able in this administrative dataset.
Future registries should incorporate
these healthcare system variables to bet-
ter evaluate the influence of care deliv-
ery models on maternal and neonatal
outcomes.
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The inclusion of the COVID-19 pan-
demic in the final year of the dataset
may have altered delivery practice pat-
terns. Several analyses yielded wide CIs,
reflecting the low frequency of cardio-
myopathy in pregnancy and the small
number of events within specific cardio-
myopathy subtypes and delivery mode
strata. Accordingly, some effect esti-
mates should be interpreted cautiously
and considered hypothesis-generating.
Larger prospective multicenter registries
will be important to provide more pre-
cise estimates of risk. Our analysis did
not include adjustment for race. In peri-
partum cardiomyopathy, race is associ-
ated with a worse outcome, including
presentation with a lower LVEF and
higher mortality rates.18,19 The reasons
for this within the United States are
likely to be multifactorial but may
include social determinants of health,
racism, and access to care. In our previ-
ous analysis of the Premier Healthcare
dataset, we found that payor status sta-
tistically captured much of the variation
associated with race and ethnicity, and
therefore it was used in our analysis.20

However, it is likely that there are other
factors related to race and outcome not
captured by this variable.
Despite these limitations, large admin-

istrative datasets remain uniquely valu-
able for studying rare conditions such as
cardiomyopathy in pregnancy because
they provide sample sizes that are other-
wise difficult to achieve. Future prospec-
tive multicenter cardio-obstetrical
registries incorporating clinician-adjudi-
cated diagnoses, detailed cardiovascular
phenotyping, echocardiographic param-
eters, delivery indications, institutional
characteristics, and longitudinal mater-
nal outcomes will be essential to validate
these findings and refine individualized
delivery recommendations for patients
with cardiomyopathy.

Conclusion
Overall, this analysis underscores the
value of individualized, condition-spe-
cific delivery planning. Our data suggest
that in patients with cardiomyopathies
diagnosed or known antepartum, in
appropriately selected patients, a trial of
labor does not significantly increase
maternal morbidity, blood transfusion
risk, or readmission rates compared
with cesarean delivery.

Among patients with hypertrophic
cardiomyopathy, a trial of labor was
associated with lower morbidity com-
pared with a planned cesarean delivery,
suggesting that either more morbid
patients were selected for cesarean
delivery or cesarean delivery was
uniquely less optimal than vaginal
delivery in this cohort compared with
other cardiomyopathies. Although a
trial of labor is the recommended mode
of delivery for most patients with car-
diomyopathy, patients at greatest risk
are those who require intrapartum con-
version to cesarean. Prospective studies
are needed to determine the safe length
of time in labor for these patients and
the factors leading to unplanned cesar-
ean delivery.
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