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OBJECTIVE: To evaluate severe maternal morbidity

(SMM) among patients with epilepsy and patients with-

out epilepsy.

METHODS: We retrospectively examined SMM using

linked birth certificate and maternal hospital discharge

records in California between 2007 and 2012. Epilepsy

present at delivery admission was the exposure and was

subtyped into generalized, focal and other less specified,

or unspecified. The outcomes were SMM and nontrans-

fusion SMM from delivery up to 42 days’ postpartum,

identified using Centers for Disease Control and Preven-

tion indicators. Multivariable logistic regression models

were used to adjust for confounders, which were selected

a priori. We also estimated the association between epi-

lepsy and SMM independent of comorbidities by using a

validated obstetric comorbidity score. Severe maternal

morbidity indicators were then compared using the same

multivariable logistic regression models.

RESULTS: Of 2,668,442 births, 8,145 (0.3%) were to

patients with epilepsy; 637 (7.8%) had generalized,

6,250 (76.7%) had focal or other less specified, and

1,258 (15.4%) had unspecified subtypes. Compared with

patients without epilepsy, patients with epilepsy had

greater odds of SMM (4.3% vs 1.4%, adjusted odds ratio

[aOR] 2.91, 95% CI 2.61–3.24) and nontransfusion SMM

(2.9% vs 0.7%, aOR 4.16, 95% CI 3.65–4.75). Epilepsy

remained significantly associated with increased SMM

and nontransfusion SMM after additional adjustment

for the obstetric comorbidity score, though the effects

were attenuated. When grouped by organ system, all

SMM indicators were significantly more common among

patients with epilepsy—most notably those related to

hemorrhage and transfusion.

CONCLUSION: Severe maternal morbidity was signifi-

cantly increased in patients with epilepsy, and SMM

indicators across all organ systems contributed to this.

(Obstet Gynecol 2021;138:747–54)

DOI: 10.1097/AOG.0000000000004562

The number of people with epilepsy in the United
States is rising, increasing from 2.3 million in 2010

to 3 million in 2015.1,2 Approximately 24,000 patients
with epilepsy deliver annually, accounting for 0.3–
0.5% of all births.3,4 In these patients, the risk of
maternal mortality may be as much as 11 times higher
than the general population.4–7 Seventy-nine percent
of maternal deaths in a recent cohort of patients with
epilepsy were considered to be sudden and unex-
pected, suggesting that an improved understanding
of maternal mortality with epilepsy is warranted.8

From the Division of Maternal-Fetal Medicine and Obstetrics, Department of
Obstetrics and Gynecology, the Division of Neonatal and Developmental
Medicine, Department of Pediatrics, and the Department of Neurology and
Neurological Sciences, Stanford University School of Medicine, Stanford,
California; and the Division of Maternal-Fetal Medicine, Department of
Obstetrics and Gynecology, Brigham and Women’s Hospital, Harvard Medical
School, Boston, Massachusetts.

Funding from NIH NR017020 supported this work.

The authors thank Dr. Anna Girsen, MD, PhD, for her assistance with devel-
opment of the study idea.

Each author has confirmed compliance with the journal’s requirements for
authorship.

Corresponding author: Danielle M. Panelli, MD, Stanford University School of
Medicine, Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine and Obstetrics, Center for Academic Medicine, Obstetrics and
Gynecology, Stanford University School of Medicine, Palo Alto, CA; email:
dpanelli@stanford.edu.

Financial Disclosure
Kimford J. Meador disclosed that money was paid to his institution by Eisai Inc.
and Sunovion Pharmaceuticals. The Epilepsy Study Consortium pays Kimford J.
Meador’s university for his research consultant time related to Eisai, GW Phar-
maceuticals, NeuroPace, Novartis, Supernus, Upsher-Smith Laboratories, UCB
Pharma, and Vivus Pharmaceuticals. Thomas F. McElrath disclosed receiving
compensation from Hoffman—LaRoche, NxPreatal, Comanche Biopharma, and
Momenta Pharmaceuticals, Inc. for serving on their scientific advisory boards in
work that is unrelated to the present analysis. Deirdre J. Lyell disclosed receiving
funds from Bloomlife (stock options for consulting, unrelated to this work). She
also received payment from SMFM and UCSF for lectures. The other authors did
not report any potential conflicts of interest.

© 2021 by the American College of Obstetricians and Gynecologists. Published
by Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0029-7844/21

© 2021 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 138, NO. 5, NOVEMBER 2021 OBSTETRICS & GYNECOLOGY 747

mailto:dpanelli@stanford.edu


Although patients with epilepsy have increased
maternal mortality, evidence has been conflicting
regarding their risk of pregnancy complications.3,4,9

This may be due to variability in seizure type and
control, or to the rarity of specific outcomes, such as
eclampsia, which have been studied. In an attempt to
understand rare complications that might contribute
to maternal mortality, the severe maternal morbidity
(SMM) composite was developed by the Centers for
Disease Control and Prevention (CDC). This compos-
ite includes 21 SMM indicator events, such as eclamp-
sia and cardiac arrest.10–12 As with maternal mortality,
SMM has also been shown to be increased among
patients with epilepsy.4 However, it remains unclear
which SMM indicator events are occurring and how
SMM varies by type of epilepsy. Thus we sought to
examine SMM among patients with epilepsy.

METHODS

This was a cohort study of pregnancies in California
between 2007 and 2012 to assess health risks associ-
ated with maternal epilepsy in pregnancy. Data were
analyzed retrospectively. Births were identified using
California birth cohort files, which link data from
birth certificates to maternal and neonatal discharge
records through the Office of Statewide Health
Planning and Development. The California birth
and fetal death certificate provides information on
maternal demographics, medical diagnoses, delivery
complications, and infant outcomes, which are filled
out by both patients and medical staff. Inpatient
discharge records were obtained from all licensed
acute care facilities in California, and include Inter-
national Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes. The linkage
in these birth cohort files is complete through 2012;
therefore, 2012 was selected as the study endpoint.

All pregnant patients who gave birth at 20 weeks
of gestation or more to a liveborn neonate or stillborn
fetus were included in this study. Patients were
excluded if birth certificate and maternal delivery
hospitalization discharge records were not linked or if
the gestational age was implausible (before 20 weeks
or after 43 weeks). The Stanford University Institu-
tional Review Board and the California State Com-
mittee for the Protection of Human Subjects reviewed
and approved this study.

The exposure for this study was a maternal
diagnosis of epilepsy. Only patients with an epilepsy
diagnosis during an antepartum hospitalization or
marked present at admission for delivery hospitaliza-
tion were defined as having epilepsy. Epilepsy was
further categorized into generalized epilepsy, focal or

other less specified epilepsy, and unspecified subtypes
based on ICD-9-CM codes. Generalized epilepsy was
identified using ICD-9-CM codes 345.0 and 345.1.
Focal or other less specified epilepsy included a
composite of focal (345.4, 345.5), localization-related
(345.7), and other types (345.2 “petit mal status,”
345.3 “grand mal status,” 345.8 “other forms of epi-
lepsy and recurrent seizures,” 345.9 “epilepsy unspec-
ified”). These types were grouped owing to
anticipated small numbers limiting our ability to
report rare outcomes between them. Two distinct
unspecified epilepsy groups were created based on
frequently encountered ICD-9-CM codes; code
649.4 was used for unspecified “Epilepsy complicating
pregnancy, childbirth, or the puerperium” and code
780.39 was used for “Convulsions.” If patients had
780.39 and a code for eclampsia, they were excluded
from the analysis because it was unclear whether this
code represented the presence of epilepsy or eclamp-
sia at admission and could result in misclassification of
the exposure. If patients had codes for multiple sub-
types of seizures, only the most severe specified sub-
type was counted. This was done in a mutually
exclusive fashion in the following hierarchy: general-
ized; focal or other less specified; epilepsy complicat-
ing pregnancy, childbirth, or the puerperium; then
lastly convulsions. For example, a patient with ICD-
9-CM codes for both generalized epilepsy (eg, 345.0)
and convulsions (780.39) was categorized under the
generalized subtype only.

The primary outcome was the SMM composite
during the delivery admission or during a sub-
sequent hospital admission up to 42 days’ postpar-
tum. The SMM composite was defined using the
CDC indicators and their corresponding ICD-9-
CM codes.12 To further understand this outcome,
we reported “nontransfusion severe maternal mor-
bidity,” which is a composite of the same SMM
indicators excluding blood transfusion. Blood trans-
fusion is the only indicator for SMM in up to half of
cases, and the amount of blood transfused is not
recorded in administrative data.10,13 Therefore,
nontransfusion SMM was included as a co-primary
outcome.

Next, all 21 SMM indicators were individually
evaluated and compared between people with epi-
lepsy and people without epilepsy. Owing to small
sample size for some specific indicator events, the
following organ system groups were made: cardiac
(acute myocardial infarction, aneurysm, cardiac arrest
or ventricular fibrillation, conversion of cardiac
rhythm, heart failure or arrest during surgery, or
acute heart failure), pulmonary (adult respiratory
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distress syndrome, pulmonary edema, temporary
tracheostomy, or mechanical ventilation), renal (acute
renal failure), hemorrhage (disseminated intravascular
coagulation, shock, or hysterectomy), sepsis, obstetric
(amniotic fluid embolism, eclampsia, severe anesthe-
sia complications, or air and thrombotic embolism),
other medical (puerperal cerebrovascular disorders or
sickle cell disease with crisis), and transfusion (blood
transfusion). Transfusion SMM was considered as a
separate group from hemorrhage because of the
aforementioned ambiguity in administrative data of
number of units transfused and the emerging impor-
tance of nontransfusion SMM. Of note, the cerebro-
vascular disorder SMM indicator includes events such
as subarachnoid hemorrhage, stroke, and venous
sinus thrombosis.

Secondary outcomes included obstetric compli-
cations such as preeclampsia (with and without severe
features), gestational diabetes, stillbirth, preterm birth,
induction of labor, and cesarean birth.

Potential confounders were selected a priori
based on prior literature on SMM and epilepsy and
causal diagrams.4,13,14 These included maternal age,
race or ethnicity as a social determinant, method of
payment, education level, trimester of prenatal care
initiation, and parity (which were included as covari-
ates in multivariable logistic regression model 2, see
below). Race–ethnicity was obtained from the birth
certificate, where it is self-reported by the patient. This
approach has been previously validated using Califor-
nia birth certificate data.15 Race–ethnicity was
included as a social construct given prior literature
showing associations with both epilepsy and SMM.4,13

We additionally identified comorbidities, such as
chronic cardiovascular disease, as potential con-
founders or mediators of the association between
epilepsy and SMM. Given this, we planned a separate
multivariable logistic regression model to also account
for the role comorbidities might be playing in SMM
for patients with epilepsy. To do so, comorbidities
were added as a covariate to the aforementioned
model 2 to create model 3. Comorbidities were
defined using a previously developed expanded
obstetric comorbidity scoring system to create a co-
morbidity composite.13 This obstetric comorbidity
scoring system includes 27 patient-level risk factors
for SMM, such as preexisting diabetes, chronic hyper-
tension, pulmonary hypertension, bleeding disorders,
major mental health disorders, and autoimmune dis-
ease. Because the purpose of this comorbidity com-
posite was to identify patient-level mediators or
confounders preceding delivery or the outcome, pre-
term birth was excluded from the composite, which is

in line with other validated comorbidity scores that
have been published.16,17 In addition, neuromuscular
disorders were excluded from the composite given
overlap with epilepsy.

Demographic and obstetric characteristics, such
as mode of delivery, preterm birth, preeclampsia, and
gestational diabetes, were compared with x2 tests for
categorical variables and t tests for continuous vari-
ables. Variables that were not normally distributed
were categorized based on clinically relevant cutoffs
(eg, body mass index [BMI, calculated as weight in
kilograms divided by height in meters squared] and
maternal age), or frequency (eg, obstetric comorbidity
score). Next, crude logistic regression models (model
1) were used to estimate odds ratios (ORs) with 95%
CIs for the associations between epilepsy and SMM
and nontransfusion SMM, using births to patients
without epilepsy as the referent group. Owing to the
rarity of SMM and nontransfusion SMM, ORs
approximated risk ratios.

A series of additional analyses were then con-
ducted to minimize potential bias. First, multivariable
logistic regression models (model 2) were adjusted for
the confounding variables listed above (maternal age,
race–ethnicity as a social determinant, method of
payment, education level, trimester of prenatal care
initiation, and parity). Secondly, the obstetric co-
morbidity score described above was added as a co-
variate to model 2 to generate model 3. These models
were run separately in the event that comorbidities
served as mediators rather than confounders of the
association between epilepsy and SMM. Next, multi-
variable logistic regression models were used to
compare the odds of each of the 21 CDC SMM
indicators between pregnancies with maternal epi-
lepsy and pregnancies without maternal epilepsy,
adjusted for the same potential confounders listed
above in model 2. Lastly, as an assessment of the
robustness of our results and analytical decisions,
propensity-score matching was done to analyze the
association between epilepsy and SMM and nontrans-
fusion SMM. We used greedy nearest neighbor
matching with “method nearest” in the MatchIt pack-
age in R, which matches patients with epilepsy and
patients without epilepsy based on the closest propen-
sity score to optimally balance covariates between
groups. In this analysis, a distance is computed
between each treated unit and each control unit,
and, one by one, each treated unit is assigned a con-
trol unit as a match. The matching is “greedy” in the
sense that there is no action taken to optimize an over-
all criterion; each match is selected without consider-
ing the other matches that may occur subsequently.18

© 2021 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 138, NO. 5, NOVEMBER 2021 Panelli et al Severe Maternal Morbidity With Epilepsy 749



We re-ran models 2 and 3, using propensity score
matching for both SMM and nontransfusion SMM
and using the same covariates noted above. Signifi-
cance was set to a two-tailed alpha50.05. All statistical
analysis was performed using SAS 9.4 and R 3.6.1.

RESULTS

Among 2,668,442 eligible births, 8,145 (0.3%) were to
patients with epilepsy (Fig. 1). Of these, 637 (7.8%)
had generalized epilepsy; 6,250 (76.7%) had focal or
other less specified epilepsy; 284 (3.5%) had epilepsy
complicating pregnancy, childbirth, or the puerpe-
rium; and 974 (12.0%) had convulsions.

Patients with epilepsy were more likely to be
younger, Hispanic, have high BMI at delivery, have
not completed college, and have commercial insur-
ance than patients without epilepsy. Prepregnancy
diabetes, chronic hypertension, and major depressive
disorder were also more prevalent among patients
with epilepsy, as was a higher obstetric comorbidity
index score (Table 1).

Compared with patients without epilepsy,
patients with maternal epilepsy were more likely to
be nulliparous and develop preeclampsia without
severe features or gestational hypertension and severe
preeclampsia and to deliver preterm. The rate of
cesarean birth with maternal epilepsy was significantly
higher than without epilepsy (Table 2).

Severe maternal morbidity occurred in 1.4% of all
births; nontransfusion SMM occurred in 0.7% of all
births. The risk of SMM was significantly increased in
births with maternal epilepsy, compared with births
without maternal epilepsy (4.3% vs 1.4%, crude OR
3.10 [95% CI 2.79–3.45], adjusted odds ratio [aOR]
2.91 [95% CI 2.61–3.24], Table 3) as was nontransfu-
sion SMM (2.9% vs 0.7%, crude OR 4.52 [95% CI
3.97–5.15], aOR 4.16 [95% CI 3.65–4.75], Table 4).
Generalized epilepsy was associated with the highest
risk of both SMM and nontransfusion SMM. Focal or
other less specified epilepsy subtypes also were asso-
ciated with significantly increased risk of both SMM
and nontransfusion SMM. When examining individ-
ual codes for unspecified epilepsy, SMM remained
similarly increased for unspecified epilepsy complicat-
ing pregnancy, childbirth, or the puerperium, as well
as for convulsions (Tables 3 and 4).

After accounting for comorbidities in model 3,
the associations between any type of epilepsy and
both SMM and nontransfusion SMM were attenuated
but remained significant (Tables 3 and 4).

Appendix 1, available online at http://links.lww.
com/AOG/C442, demonstrates the risk of each SMM
indicator compared between births with and without
maternal epilepsy. When grouped by organ system,
all SMM indicators were significantly more common
among patients with epilepsy (Fig. 2). For simplifica-
tion in Figure 2, cardiac and pulmonary categories
were combined but are shown separately in Appendix
1 (http://links.lww.com/AOG/C442). Compared
with patients without epilepsy, the most common
events among patients with epilepsy were transfusion,
eclampsia, disseminated intravascular coagulation,
and puerperal cerebrovascular disorders.

Lastly, the estimated associations between epi-
lepsy and both SMM and nontransfusion SMM were
overall unchanged in sensitivity analyses that used
propensity score matching to account for confounders
(see Appendices 2–4, available online at http://links.
lww.com/AOG/C442).

DISCUSSION

Patients with epilepsy had a threefold increased risk of
SMM and a fourfold increased risk of nontransfusion
SMM compared with patients without epilepsy, and
these risks persisted despite adjustment for maternal
comorbidities. Although generalized epilepsy was rare,
it was associated with the highest risk. To put our
results into context, the risk of SMM with epilepsy was
higher than what has been demonstrated with other
conditions, such as autoimmune disease (adjusted risk
ratio 1.80, 95% CI 1.73–1.87).13 Overall, our findings

Fig. 1. Study cohort inclusion flowsheet. *Unable to dis-
tinguish exposure.
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emphasize the contribution of hemorrhage to SMM for
patients with epilepsy and highlight who might be at
highest risk of complications.

Our results are important in light of conflicting
evidence regarding the risk of pregnancy complica-
tions for patients with epilepsy.3–6,9,19,20 Although it is

reassuring that the majority of these patients (95.7%)
did not experience SMM, the increased risk we iden-
tified is similar to what has been reported previously.4

The persistent risk even after accounting for comor-
bidities further underscores the importance of physi-
cian awareness when managing patients with epilepsy.

Table 1. Demographic Characteristics of Patients With Epilepsy Compared With Patients Without Epilepsy
in California, 2007–2012 (N52,668,442)

Maternal Characteristic
Births to Patients Without
Epilepsy (n52,660,297)

Births to Patients With
Epilepsy (n58,145) P*

Age at delivery (y) ,.001
Younger than 20 161,953 (6.1) 542 (6.7)
20–24 584,716 (22.0) 1,987 (24.4)
25–29 733,199 (27.6) 2,374 (29.2)
30–34 691,045 (26.0) 1,956 (24.0)
35–39 388,960 (14.6) 1,023 (12.6)
40 or older 100,424 (3.8) 263 (3.2)

Race–ethnicity ,.001
Hispanic 759,019 (28.5) 3,030 (37.2)
Non-Hispanic White 1,370,901 (51.5) 3,554 (43.6)
Asian or Pacific Islander 150,401 (5.7) 944 (11.6)
Black 366,187 (13.8) 501 (6.2)
Other† 13,789 (0.5) 116 (1.4)

BMI at delivery (kg/m2) ,.001
Less than 25 307,176 (11.5) 918 (11.3)
25–29.9 989,878 (37.2) 2,799 (34.4)
30–34.9 784,219 (29.5) 2,357 (28.9)
35–39.9 365,089 (13.7) 1,233 (15.1)
40 or higher 213,935 (8.0) 838 (10.3)

Education level ,.001
High school or less 601,631 (22.6) 1,946 (23.9)
Completed high school 711,152 (26.7) 2,541 (31.2)
Some college 655,946 (24.7) 2,298 (28.2)
Completed college or higher 691,568 (26.0) 1,360 (16.7)

Delivery payment method ,.001
Medi-Cal 1,283,529 (48.3) 3,317 (40.7)
Commercial insurance 1,291,654 (48.6) 4,664 (57.3)
Other 85,114 (3.2) 164 (2.0)

Trimester of prenatal care initiation ,.001
1st 2,187,846 (82.2) 6,484 (79.6)
2nd 347,739 (13.1) 1,146 (14.1)
3rd or None 77,781 (2.9) 306 (3.8)
Unknown 46,931 (1.8) 209 (2.6)

Prepregnancy diabetes (type 1 or 2) 23,771 (0.9) 175 (2.2) ,.001
Chronic hypertension 39,355 (1.5) 262 (3.2) ,.001
Major depressive disorder 3,239 (0.1) 43 (0.5) ,.001
Obstetric comorbidity score‡

0 1,346,263 (50.6) 3,245 (39.8) ,.001
1–4 562,598 (21.2) 1,312 (16.1)
5–9 261,895 (9.8) 849 (10.4)
10 or higher 489,541 (18.4) 2,739 (33.6)

Data are n (%) unless otherwise specified.
* Analyzed with x2 test.
† Race or ethnicity groups defined based on state reporting. Other defined as American Indian, Alaska Native, or other.
‡ Defined using a validated comorbidity scoring system that has been shown to aid in prediction of severe maternal morbidity.13 This scoring

system includes 27 patient-level risk factors for severe maternal morbidity, such as pulmonary hypertension, preexisting cardiac disease
or bleeding disorders, and autoimmune disease. Owing to overlap with our exposure, we excluded neuromuscular diseases from this
comorbidity score. In addition, only comorbidities present before delivery were included; therefore, preterm birth was also excluded
from this comorbidity score. See text for details.
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Seizure control is a critical component of prenatal
management and is important when interpreting the
risk of SMM for patients with epilepsy.9 Seizures
themselves can cause hypoxia, aspiration, or trauma
from falls, which can contribute to SMM events such
as pulmonary edema.3 Although these types of events
were more common for patients with epilepsy, other
events such as those related to hemorrhage were also
increased. Furthermore, though eclampsia contrib-
uted to SMM, it did not occur in 84.6% of patients
with epilepsy who experienced SMM. Taken
together, it seems that a seizure event alone—either

epileptic or eclamptic—does not completely explain
the increased risk of SMM with epilepsy.

To this end, research has also explored the role
of antiseizure medications in augmenting the risk of
adverse outcomes with epilepsy.1,21–28 However,
understanding the association between antiseizure
medications and obstetric outcomes is challenging.
Although greater antiseizure medication use might
reflect improved seizure control and better out-
comes, it can also be a proxy for disease severity
and bias the signal in either direction.14,19 Because
we were unable to comment on use of antiseizure

Table 2. Pregnancy Characteristics and Outcomes Among Patients With Epilepsy Compared With Those
Without Epilepsy in California, 2007–2012 (N52,668,442)

Characteristic
Births to Patients Without
Epilepsy (n52,660,297)

Births to Patients
With Epilepsy (n58,145) P*

Nulliparous 996,833 (37.5) 3,168 (38.9) .01
Multiple gestation 42,049 (1.6) 136 (1.7) .52
Preeclampsia without severe features or

gestational hypertension
117,674 (4.4) 487 (6.0) ,.001

Severe preeclampsia 286,662 (1.1) 177 (2.2) ,.001
Gestational diabetes 203,336 (7.6) 617 (7.6) .82
Stillbirth 9,385 (0.4) 35 (0.4) .24
Preterm birth (wk) 210,877 (7.9) 1,102 (13.5) ,.001

Less than 34 0/7 154,920 (5.8) 759 (9.3)
34 0/7–36 6/7 55,957 (2.1) 343 (4.2)

Average gestational age at delivery (wk) 38.662.0 38.262.4 ,.001
Induction of labor 927,054 (34.9) 2,918 (35.8) .06
Cesarean birth 889,026 (33.4) 3,415 (41.9) ,.001
Repeat cesarean birth 404,963 (15.2) 1,474 (18.1) ,.001
SMM 37,960 (1.4) 350 (4.3) ,.001
Nontransfusion SMM 17,309 (0.7) 234 (2.9) ,.001

SMM, severe maternal morbidity.
Data are n (%) or mean6SD unless otherwise specified.
* Categorical variables were analyzed with x2 test; continuous variables were analyzed with t test.

Table 3. Adjusted Risk of Severe Maternal Morbidity Among Patients With Epilepsy Compared With
Patients Without Epilepsy in California, 2007–2012 (N52,668,442)

Exposure Group n (Row %)
Model 1

[Crude OR (95% CI)]

Model 2* Model 3†

Adjusted OR (95% CI)

Patients without epilepsy (n52,660,297) 37,960 (1.4) Ref Ref Ref
All patients with epilepsy (n58,145)‡ 350 (4.3) 3.10 (2.79–3.45) 2.91 (2.61–3.24) 2.13 (1.90–2.39)

Generalized epilepsy (n5637) 49 (7.7) 5.76 (4.30–7.71) 5.32 (3.97–7.14) 3.81 (2.79–5.21)
Focal epilepsy and other less specified

epilepsy (n56,250)
241 (3.9) 2.77 (2.44–3.15) 2.61 (2.29–2.97) 2.01 (1.75–2.30)

Unspecified epilepsy complicating pregnancy,
childbirth, or the puerperium (n5284)

14 (4.9) 3.58 (2.09–6.13) 3.23 (1.88–5.54) 2.31 (1.30–4.11)

Convulsions only (n5974) 46 (4.7) 3.43 (2.55–4.61) 3.20 (2.38–4.31) 1.80 (1.30–2.49)

OR, odds ratio; Ref, reference.
* Model 2 adjusted for maternal age, race–ethnicity as a social determinant, method of payment, education level, trimester of prenatal care

initiation, and parity.
† Model 3 additionally adjusted for validated obstetric comorbidity score. See text for details.
‡ Refer to text for details regarding categorization of epilepsy subtypes.
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medications in this analysis, future research interro-
gating whether antiseizure medications affect the risk
of SMM is warranted.

Strengths of our study include the large popula-
tion, which enabled us to examine rare but clinically
significant outcomes, and the pragmatic approach to
associating epilepsy subtype with a standardized
measure of maternal morbidity, which is applicable
to clinical practice. These results can help risk-stratify
patients and provide guidance for future research on
risk mitigation strategies. Additionally, our analysis
demonstrates that patients with epilepsy have higher
rates of comorbidities, which are also risk factors for
SMM. Furthermore, the robustness of our results was
confirmed using propensity score matching.

Our results must be interpreted within the context
of the study design and limitations. Though timing of
events was not available retrospectively, we attempted
to address causality between epilepsy and SMM by
restricting only to epilepsy codes present at admission.
There likely remain unmeasured confounders that
were not accounted for or were not included due to
concerns about coding reliability (eg, smoking status,
cesarean indication, or epilepsy disease control).
Owing to data-use agreements, we are unable to
report rates of very rare outcomes, such as maternal
mortality. Though our results may not be generaliz-
able to populations outside of California, California is
diverse and accounts for the greatest total number of
births in the United States.29

In conclusion, the risk of SMM and nontransfu-
sion SMM was significantly increased among patients
with epilepsy, though, reassuringly, the absolute risks
remain low.
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