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Abstract
Objective
To examine the risk of postpartum hemorrhage (PPH) and neonatal bleeding complications
associated with late-pregnancy exposure to anticonvulsant drugs (ACDs) that induce cyto-
chrome P450 enzymes (ACDi) and alter the metabolism of vitamin K compared to other
ACDs.

Methods
We used a population-based cohort study stemming from a nationwide sample of publicly
insured pregnant women with a liveborn infant from the 2000 to 2010 Medicaid Analytic
eXtract. ACDi (carbamazepine, phenobarbital, phenytoin, oxcarbazepine, topiramate) were
compared to other ACDs dispensed during the last month of pregnancy. Relative risks (RRs)
and 95% confidence intervals (CIs) of PPH and neonatal bleeding complications were esti-
mated using generalized linear models with fine stratification on the propensity score to control
for indication and other potential confounders.

Results
Among 11,572 women with an ACD prescription overlapping delivery, 2.6% (135/5,109) in
the ACDi group and 3.6% (231/6,463) in the other ACDs group had a diagnosis of PPH:
unadjusted RR 0.74 (95% CI 0.60–0.91), adjusted RR 0.77 (95% CI 0.58–1.00). The preva-
lence of neonatal bleeding complications was 3.1% (157/5,109) in the ACDi group and 3.5%
(229/6,463) in the other ACDs group: unadjusted RR 0.87 (95% CI 0.71–1.06), adjusted RR
0.83 (95% CI 0.64–1.08).

Conclusions
Evidence from this large observational study suggests that use of ACDi near delivery does not
increase the risk of bleeding complications compared to other ACDs in clinical settings where
neonatal intramuscular or oral vitamin K administration is considered standard of care. These
findings provide reassurance for clinicians and pregnant women successfully treated with ACDi.
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Both maternal and neonatal bleeding are important sources of
morbidity and mortality.1–4 Given the major increase in
women who consume prescription medications during preg-
nancy,5 a better understanding of bleeding risks in women and
infants exposed to medications that may affect coagulation is
needed. One class of medications that can inhibit vitamin K
activity, and thus coagulation pathways, is anticonvulsants.
There are approximately half a million women of reproductive
age with epilepsy in the United States and 24,000 offspring
born to these women each year.6 The majority of women with
epilepsy are advised to continue medication for epilepsy in
pregnancy, and changes or discontinuation of treatment
during pregnancy may be dangerous for both the mother and
fetus.7 Anticonvulsant drugs (ACDs) are taken by 0.4% of
pregnant women for epilepsy.8 Moreover, several ACDs are
used to treat mood disorders and prevent migraines.9–11

Some case reports, case series, and small cohorts from birth
registries have raised concerns of an elevated risk of obstetric
bleeding complications in women on ACDs, but the results
are inconsistent.12–15 A recent, large population-based study
showed a substantially increased risk of all types of post-
partum hemorrhage (PPH) in patients with epilepsy.16

However, this study lacked information on medication use
and could not provide information on the comparative safety
of ACDs.

Alteration in vitamin K metabolism induced by ACDs has
been postulated as a possible mechanism by which ACD use
could lead to excess bleeding.17 Phenobarbital, primidone,
phenytoin, oxcarbazepine, and carbamazepine have significant
enzyme-inducing properties.18 In general, they induce or are
substrates for cytochrome P450 (CYP450) isozymes, in-
cluding CYP1A2, CYP2A6, CYP2B, CYP2C, and CYP3A, as
well as the uridine diphosphate glucuronosyltransferase iso-
zymes. Many of the newer ACDs (i.e., gabapentin, levetir-
acetam, tiagabine, and zonisamide) either have no induction
effects or induce only selected enzymes.18 Whether ACDs
with enzyme-inducing properties (ACDi) confer an increased
risk of obstetric bleeding complications compared to other
ACDs remains unknown.

Neonates are at particular risk of vitamin K deficiency
bleeding (VKDB), due to insufficient placental transfer.19 An
early vitamin K deficiency–related bleed that occurs within 24
hours of birth is almost exclusively seen in infants of mothers
taking drugs that inhibit vitamin K.20 The clinical presentation
is often severe and can include cephalohematoma, as well as
intracranial and intraabdominal hemorrhages. Vitamin K is
commonly given prophylactically after every birth for the

prevention of VKDB.21 Placental transfer of maternal drugs
that inhibit vitamin K activity has been described as a risk
factor for early onset of VKDB.22

The aim of this study was to determine whether the use of
ACDi in late pregnancy compared to other ACDs is associ-
ated with an increased risk of PPH and neonatal bleeding
complications when neonatal vitamin K administration is the
standard of care.

Methods
Cohort
We used the Medicaid Analytic eXtract database for 46 US
states and the District of Columbia for the years 2000 through
2010, as previously described by Palmsten et al.23 The cohort
included all pregnancies in women aged 12 to 55 years linked
to live-born infants amongMedicaid beneficiaries. The date of
last menstrual period (LMP) was estimated based on a vali-
dated algorithm.24 Additional inclusion criteria were contin-
uous eligibility for Medicaid with no private insurance or
restricted benefits from 4 months after the estimated LMP
through 3 months after delivery. The linked infants met the
sameMedicaid eligibility criteria as their mothers for at least 3
months after birth, unless they died. The cohort was then
restricted to women with a filled prescription for any of the
following most frequently used anticonvulsants from 4
months after the LMP month until delivery: carbamazepine,
phenobarbital, phenytoin, oxcarbazepine, topiramate, valproic
acid, divalproex, valproate sodium, lamotrigine, levetiracetam,
gabapentin, pregabalin, and clonazepam. Pregnant women
with one or more filled prescriptions for a blood thinner or
anticoagulant (i.e., clopidogrel, aspirin, heparin and deriva-
tives, warfarin, apixaban, dabigatran, rivaroxaban, edoxaban,
fondaparinux, bivalirudin, antithrombin, alteplase) from 4
months after the LMP through 3 months after delivery were
considered to be at higher risk of bleeding, and thus were
excluded.

Standard protocol approvals, registrations,
and patient consents
The use of this deidentified database for research was ap-
proved by the institutional review board of the Brigham and
Women’s Hospital. The institutional review board granted
a waiver of informed consent.

Exposure
The relevant window for exposures was defined as the last
month before delivery. Exposure was therefore defined as

Glossary
ACD = anticonvulsant drug; ACDi = enzyme-inducing anticonvulsant drug; CI = confidence interval; CYP450 = cytochrome
P450; ICD-9 = International Classification of Diseases, Ninth Revision; LMP = last menstrual period; PPH = postpartum
hemorrhage; PS = propensity score; RR = relative risk; VKDB = vitamin K deficiency bleeding.
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a filled prescription for ACDi, with drug supply that over-
lapped with the delivery date: carbamazepine, phenobarbital,
phenytoin, oxcarbazepine, topiramate. The reference group
was defined as women who had a prescription for other
anticonvulsants (valproate, lamotrigine, levetiracetam, pre-
gabalin, gabapentin, clonazepam) with supply that overlapped
the delivery date. Women exposed to both ACDi and other
anticonvulsants were not included in the study.

Outcomes
The primary maternal study outcome was the occurrence of
PPH from delivery to 1 month post delivery (because in some
instances, PPH can occur in a delayed manner). PPH was
defined on the basis of ICD-9 diagnostic code 666.xx or any
subcode thereof in the inpatient or outpatient claims. Di-
agnostic codes have been shown to have a positive predictive
value higher than 80% for PPH in administrative data.25,26

The primary neonatal complication examined was a compos-
ite of neonatal bleeding complications, based on an ICD-9
code of 772.1x (intraventricular hemorrhage of fetus or
newborn) in maternal or infant claims from delivery to 1
month post delivery, 772.2–772.9 (subarachnoid or umbilical
or gastrointestinal or adrenal cutaneous or other specified or
unspecified hemorrhage of fetus or newborn) in maternal or
infant claims during the delivery hospitalization, or any of the
following ICD-9 codes in infant claims only: 430.xx (sub-
arachnoid hemorrhage), 431.xx (intracerebral hemorrhage),
432.xx (other and unspecified intracranial hemorrhage), 459.0
(other disorders of circulatory system, hemorrhage un-
specified), 478.xx (gastrointestinal hemorrhage), 287.8 (other
specified hemorrhagic conditions), and 287.9 (unspecified
hemorrhagic conditions) from delivery to 1 month post
delivery.

Covariates
We considered the following covariates as potential con-
founders (or proxies for confounders) of the association be-
tween ACDi and PPH or neonatal bleeding complications,
which were assessed in the maternal claims from 4 months
after the LMP until delivery: maternal demographics, poten-
tial indication for anticonvulsant medications, other medical
comorbidities and obstetric conditions, medications that are
risk factors for bleeding or proxies for conditions that might
increase the risk of bleeding (see table 1 for a complete list of
covariates).

Statistical analysis
We compared the proportions or means and SDs for potential
confounders among women exposed to ACDi at delivery to
other ACDs. In addition, we identified relevant obstetric
characteristics, including polyhydramnios, placenta previa,
preeclampsia, placental abruption, number of hospitalizations
>3 days during the last month before delivery, chorioamnio-
nitis, induction of labor, operative delivery, and cesarean de-
livery, which may increase the risk of PPH, but we did not
adjust for these characteristics as they may be on the causal
pathway fromACDi use to PPH.27 Absolute risks for any PPH

and neonatal bleeding complications and unadjusted risk ra-
tios (RRs) with their 95% confidence intervals (CIs) were
calculated. Exposure propensity scores (PS) were estimated as
the predicted probability of receiving ACDi vs other ACDs,
conditional upon the above specified potential confounders
using logistic regression models. The population in the non-
overlapping areas of the PS distributions was trimmed, and 50
PS strata were created based on the distribution of the women
receiving ACDi.28 Adjusted RR and 95% CI were estimated in
generalized linear models (PROC GENMOD with binomial
distribution, log link function, weight statement). All analyses
were performed using SAS version 9.2 (SAS Institute,
Cary, NC).

Sensitivity analysis
To test the robustness of our findings, we conducted several
sensitivity analyses. First, we redefined exposure status using
prescriptions for the medications of interest with days’ supply
ending from 30 days before delivery to any time after delivery
since it is possible that women with a prescription supply
ending shortly before delivery were also exposed at or near
delivery. In addition, to further control for the potential effect
of the treatment indication, we conducted a sensitivity anal-
ysis restricted to patients with a diagnosis of epilepsy (in the
main analysis, we adjust for this condition). As a negative
control analysis, we redefined exposure status as filling a pre-
scription for the medication of interest with the supply ending
more than 30 days before delivery, since there is unlikely to be
any carryover effect for medications discontinued at least 30
days before delivery.

Data availability
Because of the data use agreements associated with the use of
the Medicaid data, we are not permitted to release the raw
data used in our analyses.

Results
Cohort characteristics
Among 3,594,268 pregnancies available in the Medicaid An-
alytic eXtract mom-baby linked cohort, 11,572 (0.3%) filled
an ACD prescription with days’ supply that overlapped with
the delivery date for any of the studied anticonvulsants
(figure). Among these, 5,109 were exposed to ACDi (1,669
carbamazepine, 666 phenobarbital, 1,686 phenytoin, 513
oxcarbazepine, 765 topiramate) and 6,463 were exposed to
other ACDs (900 valproic acid, 1,850 lamotrigine, 809 leve-
tiracetam, 97 pregabalin, 843 gabapentin, 2,263 clonazepam).
In the ACDi group, 4,922 were on monotherapy, 184 had 2
different medications prescribed, and 6 had 3 or more, and in
the other ACDs group, 6,171 were on monotherapy, 285 had
2 different medications prescribed, and 7 had 3 or more.

There were several differences in the baseline characteristics
of the women exposed to ACDi compared with women ex-
posed to noninducing ACD. Women exposed to ACDi were
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Table 1 Baseline characteristics of patients in the overall cohort

Baseline characteristic

Unadjusted Propensity score–adjusteda

ACDi (n = 5,109)

Other ACDs
reference
group (n = 6,463) Std. diff. ACDi (n = 5,096)

Other ACDs
reference
group (n = 6,454) Std. diff.

Age group, n (%)

<19 y 642 (12.6) 609 (9.4) 0.10 634 (12.4) 884 (13.7) −0.04

20–24 y 1,990 (39.0) 2,073 (32.19) 0.14 1,987 (39.0) 2,583 (40.0) −0.02

25–29 y 1,401 (27.5) 2,034 (31.5) −0.09 1,401 (27.5) 1,702 (26.4) 0.03

30–34 y 681 (13.3) 1,090 (16.9) −0.10 679 (13.3) 810 (12.5) 0.02

35–39 y 334 (6.5) 544 (8.4) −0.07 334 (6.6) 399 (6.2) 0.02

>40 y 61 (1.2) 106 (1.6) −0.04 61 (1.2) 77 (1.2) 0.00

Race, n (%)

White 3,188 (62.4) 5,049 (78.1) −0.35 3,186 (62.5) 4,036 (62.5) 0.00

Black 963 (18.9) 615 (9.5) 0.27 953 (18.7) 1,206 (18.7) 0.00

Hispanic 513 (10.0) 292 (4.5) 0.21 512 (10.1) 657 (10.2) 0.00

Otherb 445 (8.7) 507 (7.8) 0.02 445 (8.7) 555 (8.6) 0.00

Multipara, n (%) 2,379 (46.6) 3,359 (52.0) 0.02 2,374 (46.6) 2,930 (45.4) 0.02

Comorbidities and
obstetric conditions, n (%)

Multiple gestation 110 (2.2) 138 (2.1) 0.00 110 (2.2) 147 (2.3) −0.01

Alcohol abuse or dependence 40 (0.8) 88 (1.4) −0.06 40 (0.8) 43 (0.7) 0.01

Drug abuse or dependence 152 (3.0) 458 (7.1) −0.19 152 (3.0) 167 (2.6) 0.02

Smoking 539 (10.6) 1,268 (19.6) −0.26 539 (10.6) 690.2 (10.7) 0.00

Anemia 216 (4.2) 250 (3.9) 0.02 215 (4.2) 281 (4.4) −0.01

Chronic renal disease 51 (1.0) 103 (1.6) −0.05 51 (1.0) 69 (1.1) −0.01

Coagulopathy 36 (0.7) 49 (0.8) −0.01 36 (0.7) 42 (0.7) 0.01

Preexisting diabetes 285 (5.6) 387 (6.0) −0.02 284 (5.6) 353 (5.5) 0.00

Gestational diabetes 573 (11.2) 726 (11.2) 0.00 569 (11.2) 685 (10.6) 0.02

Preexisting hypertension 373 (7.3) 546 (8.5) −0.04 373 (7.3) 472 (7.3) 0.00

Gestational hypertension 328 (6.4) 398 (6.2) 0.01 324 (6.4) 433 (6.7) −0.01

Obesity or overweight 182 (3.6) 306 (4.7) −0.06 182 (3.6) 231 (3.6) 0.00

Fibroids 23 (0.5) 17 (0.3) 0.00 23 (0.5) 30 (0.5) 0.00

Previous cesarean delivery 915 (17.9) 1,168 (18.1) 0.00 912 (17.9) 1,105 (17.1) 0.02

Medications, n (%)

Oral antidiabetics 59 (1.2) 112 (1.7) −0.05 59 (1.2) 70 (1.1) 0.01

Insulin 126 (2.5) 191 (3.0) −0.03 125 (2.5) 158 (2.4) 0.00

Vitamins 2,390 (46.8) 2,523 (39.0) 0.16 2,379 (46.7) 3,001 (46.5) 0.00

Iron supplement 82 (1.6) 119 (1.8) −0.02 82 (1.6) 113 (1.8) −0.01

Medication with supply
overlapping the delivery date

Steroids <11 <11 −0.01 <11 <11 −0.01

Continued
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less likely to be white, less likely to have smoking or illicit drug
use reported, more likely to carry a diagnosis of epilepsy, and
less likely to carry a diagnosis of bipolar disorder, anxiety,
depression, or pain. All characteristics were well balanced (as
assessed by absolute standardized differences <0.1) after PS
stratification weights were applied (table 1).

No differences were observed between groups in the un-
weighted distribution of several pregnancy-associated risk
factors for PPH (i.e., polyhydramnios, placenta previa,
placental abruption, or chorioamnionitis) and delivery-
associated risk factors for PPH (i.e., induction of labor, ce-
sarean delivery, or delivery of a macrosomic infant) (table 2).
Other risk factors for neonatal bleeding were also balanced
(i.e., preterm, birth trauma).

Association of ACDi and PPH
The risk of PPH was 2.6% (95% CI 2.2%–3.0%) in the ACDi
group and 3.6% (95% CI 3.1%–4.0%) in the reference group
(table 3). The unadjusted RR for PPH associated with ex-
posure to ACDi vs noninducing ACDs was 0.74 (95% CI
0.60–0.91). After adjustment for confounders using PS
stratification, the adjusted RR was 0.77 (95% CI 0.58–1.00)
(table 3). No substantial differences were noticed among
drugs.

Association of ACDi and neonatal
bleeding complications
The risk of neonatal bleeding complications was 3.1% (95%
CI 2.6%–3.5%) in the ACDi group and 3.5% (95% CI
3.1%–4.0%) in the reference group. The most prevalent were

Table 1 Baseline characteristics of patients in the overall cohort (continued)

Baseline characteristic

Unadjusted Propensity score–adjusteda

ACDi (n = 5,109)

Other ACDs
reference
group (n = 6,463) Std. diff. ACDi (n = 5,096)

Other ACDs
reference
group (n = 6,454) Std. diff.

Nonsteroidal anti-
inflammatory drugs

28 (0.6) 75 (1.2) −0.07 28 (0.6) 35 (0.5) 0.00

Other treatments
interfering
with vitamin Kc

15 (0.3) 20 (0.3) 0.00 15 (0.3) 21.0 (0.3) −0.01

Benzodiazepines 106 (2.1) 282 (4.4) −0.03 106 (2.1) 152 (2.4) −0.02

Markers of burden of
disease, mean (SD)

No. of emergency
department visits

0.6 (1.4) 0.7 (1.6) −0.04 0.6 (1.4) 0.6 (1.3) 0.02

No. of unique hospitalizations 0.14 (0.49) 0.1 (0.43) 0.06 0.1 (0.49) 0.1 (0.48) −0.01

No. of prescription medication
(other than the studied drug)

3.1 (2.7) 4.2 (3.3) −0.36 3.1 (2.7) 3.1 (2.7) −0.00

Indication for anticonvulsant
medications, n (%)

Epilepsy or convulsions 3,949 (77.3) 2,376 (36.8) 0.90 3,936 (77.2) 5,060 (78.4) −0.03

Nonneuropathic pain 1,154 (22.6) 2,261 (35.0) −0.28 1,152 (22.6) 1,431 (22.2) 0.01

Migraine or headache 978 (19.1) 1,320 (20.4) −0.03 974 (19.1) 1,315 (20.4) −0.03

Depression 514 (10.1) 1,458 (22.6) −0.34 514 (10.1) 629 (9.75) 0.01

Bipolar disorder 362 (7.1) 1,374 (21.3) −0.42 362 (7.1) 469 (7.3) −0.01

Anxiety 324 (6.3) 1,662 (25.7) −0.55 324 (6.4) 387 (6.0) 0.01

Otherd 1,082 (21.2) 2,432 (37.6) −0.36 1,074 (21.1) 1,326 (20.5) 0.02

Abbreviations: ACD = anticonvulsant drug; ACDi = enzyme-inducing anticonvulsant drug; Std. diff. = standardized differences, i.e., the difference in means or
proportions divided by the pooled SD.
a Propensity score models included all covariates listed in table 1 plus year of delivery (not presented).
b Other race includes Asian, Native American, other, and unknown.
c Other treatments interfering with vitamin K include orlistat, cholestyramine, inducers colestipol, bosentan, dexamethasone, efavirenz, felbamate, isoniazid,
meprobamate, metamizol, nevirapine, rifabutin, rifampin, and ritonavir.
d Other labeled and unlabeled indications include neuropathic pain, fibromyalgia, other pain, psychosis, schizophrenia, personality disorders, adjustment
disorders, delirium, other psychiatric disorders, sleep disorder, essential tremor, chronic fatigue syndrome, attention-deficit/hyperactivity disorder. The
propensity score models included all these covariates separately.
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intraventricular hemorrhage (0.69% [35/5,109] in the ACDi
group and 0.68% [44/6,463] in the reference group) and
cutaneous hemorrhage (0.67% [34/5,109] in the ACDi group
and 0.90% [58/6,463] in the reference group). The un-
adjusted RR was 0.87 (95% CI 0.71–1.06). After adjustment
for confounders using PS stratification, the adjusted RR was
0.83 (95% CI 0.64–1.08) (table 4).

Sensitivity analyses
When we performed our analysis using a less restrictive def-
inition for exposure time window (i.e., with days’ supply
ending from 30 days before delivery to any time after de-
livery), the results were similar to those of the main analysis
for PPH (RR 0.82, 95% CI 0.65–1.04) and neonatal bleeding
complications (RR 0.89, 95% CI 0.72–1.11) after adjustment.
Results were also similar after restriction to women with ep-
ilepsy: PPH (RR 0.71, 95% CI 0.50–1.02) or neonatal
bleeding complications (RR 0.94, 95% CI 0.68–1.30). When
we moved the exposure time window to any supply ending
before 1 month before delivery as a negative control

(assuming no carryover effect), there were no meaningful
differences with the results of the main analysis for PPH (RR
0.66, 95% CI 0.48–0.91) or for neonatal bleeding complica-
tions (RR 0.85, 95% CI 0.63–1.13).

Discussion
We examined the association between the use of ACDi in late
pregnancy and the risks of bleeding complications including
PPH and neonatal bleeding complications among 11,572
Medicaid-insured women exposed to ACDi in late pregnancy
compared to a reference group of other ACDs during the
same period. We did not observe a significantly increased risk
for either outcome after controlling for potential confounding
conditions and coexposures.

Prior studies assessing the effect of epilepsy on several preg-
nancy outcomes observed 30% to 50% increases in PPH after
exposure to any ACD (i.e., any ACD with or without inducing

Figure Study flowchart

ACD = anticonvulsant drug; MAX = Medicaid Analytic
eXtract.
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properties).13,15 In the first study,15 1,350 epileptic women
exposed to any ACDs (including ACDi) any time during
pregnancy were compared to all singleton births of the Swedish
Medical Birth Register. The ACDi carbamazepine was themost
prevalent drug (n = 683). The odds ratio for PPH after vaginal
delivery was 1.29 (95% CI 1.02–1.63). In the second study,13

2,805 pregnancies in women with current or history of epilepsy
were compared to all pregnancies of the Norwegian National
Population Register. More than 30% of the women were taking
an ACDwith or without inducing properties, and among them,
the odds ratio for PPH was 1.5 (95% CI 1.3–1.9). Use of
vitamin K was not reported in either study but was recom-
mended in Sweden and Norway at the time of the studies.
These prior studies assessing the effect of epilepsy had major
differences by design in comparison to ours. They used a ref-
erence group of nonepileptic women and epileptic women
were not systematically treated with an ACD with or without
inducing properties. For those exposed to medication, women
with an ACD any time during pregnancy were considered as
a proxy for ACD exposure later in pregnancy, the pharmaco-
logically most relevant period to assess an effect on PPH. In
these 2 studies, as well as others, authors reported increased
prevalence of several of the major risk factors for PPH
among women with epilepsy, such as use of labor induction,
instrumental delivery, preeclampsia, chorioamnionitis, and
antepartum hemorrhage.13,15,16 In both studies, these

factors—which may be causal intermediates between ACD or
epilepsy and PPH—were not well balanced between groups
and could thus explain the association observed. These factors
appeared to be balanced across comparison groups in our
study, which included an active comparator reference group. In
contrast (and consistent with our results), a Norwegian group
failed to show an association between the estimated blood loss
and the use of ACDi.12 In this hospital-based study, 109

Table 2 Obstetric, delivery, and neonatal characteristics
of patients in the overall cohort

Baseline characteristic

Unadjusted

Other ACDs
reference group
(n = 6,463)

ACDi
(n = 5,109) Std. diff.

Obstetric conditions

Placental abruption 55 (1.1) 100 (1.5) −0.04

Placenta previa 134 (2.6) 231 (3.6) −0.05

Polyhydramnios 133 (2.6) 176 (2.7) −0.01

Preeclampsia 388 (7.6) 348 (5.4) 0.09

Chorioamnionitis 177 (2.7) 144 (2.8) 0.00

Delivery

Cesarean delivery 1,221 (18.9) 1,003 (19.6) 0.02

Induction of labor 529 (8.2) 396 (7.8) −0.02

Neonate

Preterm 1,172 (18.1) 817 (16.0) −0.06

Birth trauma 138 (2.1) 112 (2.2) 0.00

High birth weight 214 (3.3) 155 (3.0) −0.02

Low birth weight 848 (13.1) 550 (10.8) 0.00

Abbreviations: ACD = anticonvulsant drug; ACDi = enzyme-inducing anti-
convulsant drug; Std. diff. = standardized differences.
Data represent n (%).

Table 3 Absolute and relative risk of PPH complications
associated with exposure to ACDi compared to
other ACDs (ref. group)

Other ACDs
ref. group ACDi

PPH main analysis

Total 6,463 5,109

Events 231 135

Risk/100 deliveries (95% CI) 3.6 (3.1–4.0) 2.6 (2.2–3.0)

Unadjusted RR (95% CI) Ref. 0.74 (0.60–0.91)

PS-adjusted RR (95% CI) Ref. 0.77 (0.58–1.00)

Sensitivity analysis 1: Days’
supply ending from 30 d
before delivery to any
time after delivery

Total 8,947 7,055

Events 315 190

Risk/100 deliveries 3.5 2.5

Unadjusted RR (95% CI) Ref. 0.76 (0.64–0.91)

PS-adjusted RR (95% CI) Ref. 0.82 (0.65–1.04)

Sensitivity analysis 2:
Restricted to patients with an
epilepsy or convulsion code

Total 2,074 3,530

Events 71 90

Risk/100 deliveries 3.4 2.6

Unadjusted RR (95% CI) Ref. 0.74 (0.55–1.01)

PS-adjusted RR (95% CI) Ref. 0.71 (0.50–1.02)

Sensitivity analysis 3: Days’
supply ending more than
30 d before delivery

Total 6,463 2,357

Events 231 57

Risk/100 deliveries 3.6 2.4

Unadjusted RR (95% CI) Ref. 0.68 (0.51–0.90)

PS-adjusted RR (95% CI) Ref. 0.66 (0.49–0.91)

Abbreviations: ACD = anticonvulsant drug; ACDi = enzyme-inducing anti-
convulsant drug; CI = confidence interval; PPH = postpartum hemorrhage;
PS = propensity score; ref. = reference; RR = relative risk.
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patients with epilepsy were compared to 109 controls matched
on age, time of delivery, and mode of delivery. Among the
patients with epilepsia, 66 were taking ACDi and 20 received
vitamin K. The mean amount of bleeding volume was not
different among groups (438 mL for patients with epilepsy,
431 mL for those taking ACDi, vs 426 mL for the controls).

One explanation for the lack of association between ACDi and
PPH/neonatal bleeding could be that an important fraction of

women using ACDi in our study were supplemented with
vitamin K at the end of pregnancy. In our study, information
on prenatal vitamin K supplementation was not reliable and
could not reliably be assessed. Several previous guidelines
recommended high-dose vitamin K intake during the last
month of pregnancy to prevent hemorrhagic disease of the
newborn exposed to ACDi in addition to the routine ad-
ministration of vitamin K to the neonate at birth to prevent
VKDB. These recommendations were not supported by any
specific study,29 and as a result, their clinical application was
very heterogeneous as shown by some US hospital-based
studies.30,31 Later, the lack of evidence to recommend routine
maternal use of oral vitamin K to prevent hemorrhagic disease
of the newborn and PPH led to the revision of these guide-
lines.6 A high level of heterogeneity in clinical practice might
still be present after these various changes, making any esti-
mation of the fraction of women supplemented with
vitamin K at the end of pregnancy difficult.

Similar to other studies comparing ACDi exposed to un-
exposed neonates, our study failed to show an association
between ACDi use in late pregnancy and neonatal bleeding
complications.17,31 Here again, the lack of association may be
the result of the routine practice of giving intramuscular
vitamin K to the neonate at the time of birth. This information
was not available in our data, and thus the potential protective
effect of neonatal vitamin K administration could not be
assessed. This study has several strengths, including its large
sample size. Our cohort included 5,109 women exposed to
ACDi in late pregnancy, compared with 942 using anti-
convulsants overall in the largest study available to date.13 The
richness of the data allowed for careful control of potential
confounders including more than 50 variables in PS analyses.
We specifically addressed confounding by indication through
adjustment for all potential clinical indications for AEDs. We
also performed a sensitivity analysis restricting to women with
a recorded diagnosis of epilepsy, and the results were not
affected. However, when we defined exposure as filling pre-
scriptions for ACDi with the supply ending more than 30 days
before delivery (i.e., a negative control assuming no carry-
over), the similar protective association observed could sug-
gest residual confounding by unmeasured characteristics.

To focus on exposure during the etiologically relevant win-
dow close to delivery and to minimize the risk of exposure
misclassification (i.e., false-positives), we chose an exposure
definition requiring women to have filled an ACDi pre-
scription during the last month of pregnancy with the drug
supply overlapping the delivery date. A highly specific out-
come definition was used, and estimated PPH risks among the
unexposed women are in line with the literature; and known
risk factors (e.g., placenta previa, chorioamnionitis) were
replicated in our data, thus indirectly validating the outcome.
Furthermore, diagnostic codes have been shown to have
a positive predictive value higher than 80% for PPH in ad-
ministrative data.25,26 An unbiased estimate of the relative risk
is expected as long as the specificity is high and the sensitivity

Table 4 Absolute and relative risk of neonatal bleeding
complications associated with exposure to ACDi
compared to other ACDs (ref. group)

Ref. group ACDi

Neonatal bleeding complications
main analysis

Total 6,463 5,109

Events 229 157

Risk/100 deliveries (95% CI) 3.5 (3.1–4.0) 3.1 (2.6–3.5)

Unadjusted RR (95% CI) Ref. 0.87 (0.71–1.06)

PS-adjusted RR (95% CI) Ref. 0.83 (0.64–1.08)

Sensitivity analysis 1: Days’ supply
ending from 30 d before delivery
to any time after delivery

Total 8,947 7,055

Events 304 208

Risk/100 deliveries 3.4 3.0

Unadjusted RR (95% CI) Ref. 0.87 (0.73–1.03)

PS-adjusted RR (95% CI) Ref. 0.89 (0.72–1.11)

Sensitivity analysis 2: Restricted
to patients with an epilepsy
or convulsion code

Total 2,074 3,530

Events 73 115

Risk/100 deliveries 3.5 3.3

Unadjusted RR (95% CI) Ref. 0.92 (0.69–1.23)

PS-adjusted RR (95% CI) Ref. 0.94 (0.68–1.30)

Sensitivity analysis 3: Days’
supply ending more than
30 d before delivery

Total 6,463 2,357

Events 229 70

Risk/100 deliveries 3.5 3.0

Unadjusted RR (95% CI) Ref. 0.82 (0.63–1.08)

PS-adjusted RR (95% CI) Ref. 0.85 (0.63–1.13)

Abbreviations: ACD = anticonvulsant drug; ACDi = enzyme-inducing anti-
convulsant drug; CI = confidence interval; PS = propensity score; ref. = ref-
erence; RR = relative risk.
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is nondifferential between the exposed and reference groups.
Potential confounding by information not captured by the
data source (e.g., lifestyle factors) is not a major concern given
our null findings. Finally, findings from this study might not
be generalizable to other populations if the biological relations
studied are affected by characteristics of the studied pop-
ulation (young, racially diverse, vulnerable Medicaid-insured
population with a high burden of mental illness) that differ
from the general population. However, these limitations do
not limit the importance of this study as Medicaid covers
nearly 50% of all births in the United States. This investigation
left unanswered questions about the potential protective ef-
fect of late-pregnancy vitamin K on the outcome, which is
a limitation. Numbers were insufficient for a dose-response
evaluation and an assessment of the association between
numbers of different ACDi prescribed and the outcome.

Given incomplete knowledge regarding potential risks linked
to pharmaceutical agents during pregnancy, balancing risks
and benefits of treatment during pregnancy is not an easy task
for clinicians and patients. Providing any new evidence to
facilitate this task is a step forward. Our findings suggest that
use of ACDi in late pregnancy does not meaningfully increase
the risks of bleeding complications including PPH and neo-
natal bleeding complications in clinical settings where neo-
natal intramuscular vitamin K administration is considered
standard of care. These findings provide some reassurance
with regard to hemorrhagic complications for clinicians and
pregnant women successfully treated with ACDi.
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