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Congenital Heart Disease Associated With Selective Serotonin Reuptake
Inhibitor Use During Pregnancy
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OBJECTIVE: To determine the risk of congenital cardiac abnormali-
ties associated with use of selective serotonin reuptake inhibitors
(SSRIs) during pregnancy.

PATIENTS AND METHODS: We conducted a retrospective review of
the medical records of all pregnant women presenting at Mayo
Clinic’s site in Rochester, MN, from January 1, 1993, to July 15,
2005, and identified 25,214 deliveries. A total of 808 mothers
were treated with SSRIs at some point during their pregnancy. We
reviewed the medical records of the newborns exposed to SSRIs
during pregnancy to analyze their outcomes, specifically for con-
genital heart disease and persistent pulmonary hypertension of
the newborn.

RESULTS: Of the study patients, 808 (3.2%) took an SSRI at some
point during the antenatal period. Of the 25,214 deliveries, 208
newborns (0.8%) were diagnosed as having congenital heart dis-
ease. Of the 808 women exposed to SSRI during pregnancy, 3
(0.4%) had congenital heart disease compared with 205 (0.8%) of
the 24,406 women not exposed to an SSRI (P=.23). Of the total
number of deliveries, 16 newborns were diagnosed as having
persistent pulmonary hypertension of the newborn, none of whom
had exposure to SSRIs (P>.99).

CONCLUSION: Our data are reassuring regarding the safety of
using SSRIs during pregnancy.
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CHD = congenital heart disease; PPHN = persistent pulmonary hyper-
tension of the newborn; SSRI = selective serotonin reuptake inhibitor;
VSD = ventricular septal defect
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Recent data indicate that approximately 10% to 15%
of women will have depression at some point during

pregnancy or the postpartum period.1,2 Untreated depression
during pregnancy may lead to poor outcomes, including low
birth weight, preterm delivery, or lower Apgar scores; poor
prenatal care; failure to recognize or report signs of labor;
and an increased risk of fetal abuse, neonaticide, or sui-
cide.1,2 Selective serotonin reuptake inhibitors (SSRIs) are
the first-line pharmacotherapy for depression, and SSRI use
during pregnancy has been well documented.

Overall, data regarding the use of SSRIs during preg-
nancy have been reassuring. Most studies3-9 have reported
relatively consistent findings on the adverse effects of
SSRI use during pregnancy, which include neonatal with-
drawal syndrome, low birth weight, and preterm birth.
Many studies10-12 have indicated no major fetal malforma-
tions higher than the baseline population risk of 1% to 3%
with use of SSRIs during pregnancy. One study13 has indi-
cated increased risks for specific defects, whereas another

study14 noted an association between overall SSRI use
during pregnancy and 3 distinct types of birth defects.

Congenital heart disease (CHD) is recognized in ap-
proximately 0.4% to 1% of all live births,15-17 and several
studies have suggested that use of an SSRI, particularly
paroxetine, may be associated with an increased risk of
CHD. In particular, ventricular septal defects (VSDs) have
been associated with use of paroxetine during the first
trimester,18-22 although a recent meta-analysis23 that re-
viewed both previously published and unpublished data did
not confirm this association. One report20 showed a dose
response in neonates exposed to paroxetine during the first
trimester; infants exposed to paroxetine at dosages greater
than 25 mg/d had an increased risk of major malformation
or major cardiac malformation, whereas those exposed to
lower dosages had no increased risk above baseline. Fi-
nally, a recent report24 showed an increased risk of persis-
tent pulmonary hypertension of the newborn (PPHN) asso-
ciated with late-pregnancy exposure to SSRIs.

Because recent reports have shown an increased risk
of VSD and PPHN in neonates exposed to SSRIs in
utero, we sought to determine whether use of SSRIs during
the prenatal period was associated with CHD and PPHN.

PATIENTS AND METHODS

After Mayo Clinic Institutional Review Board approval, we
conducted a retrospective cohort study examining all obstet-
ric deliveries at Mayo Clinic’s site in Rochester, MN, from
January 1, 1993, to July 15, 2005. The Division of Obstetrics
prospectively maintains an obstetric deliveries database that
was used to aid with our medical record review. We identi-
fied 25,214 deliveries during that period.
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MEASUREMENT OF EXPOSURES

Of the total number of deliveries, 808 mothers were pre-
scribed SSRIs—fluoxetine, paroxetine, sertraline, citalo-
pram, escitalopram, and venlafaxine—at some point during
their pregnancy. Venlafaxine, a serotonin-norepinephrine
reuptake inhibitor, was included in this analysis because its
mechanism of inhibition in the reuptake of serotonin is
similar to that of SSRIs. The obstetric database listed the
medications a woman took during her pregnancy. Each case
was then confirmed by review of each individual medical
record. Pregnant women with a documented medication list
during their pregnancy that included an SSRI or who were
given at least 1 SSRI prescription during their pregnancy
were selected as the exposed group, whereas the remaining
24,406 women were considered unexposed.

Timing of the initial SSRI exposure was divided into the
following categories: conception, discontinuation because of
a positive pregnancy test result, first trimester, second tri-
mester, and third trimester. Timing refers to when the mother
and fetus were first exposed to the SSRI. Patients were
placed into only 1 of these categories; for instance, if a
woman had been taking an SSRI at conception but discontin-
ued taking the drug when she learned of the pregnancy, she
would be classified only in the discontinuation due to a
positive pregnancy test result category. Trimesters were di-
vided using standard obstetric classification: first trimester, 0
to 13 weeks; second trimester, 14 to 26 weeks; and third
trimester, 27 weeks through delivery.

MEASUREMENT OF OUTCOMES

Adverse effects assessed in this study were CHD, VSD, and
PPHN. Congenital heart disease is defined as an abnormality
in cardiocirculatory structure or function that is present at
birth, even if it is discovered much later. A wide range of
abnormalities and syndromes are included in this definition.
A VSD is defined as a hole in the septum between the
ventricles of the heart. Heart disease diagnosed immediately
after birth and during the time before discharge home was
included for this analysis. Persistent pulmonary hyperten-
sion of the newborn is defined as failure of the normal
circulatory transition that occurs after birth. This syndrome
is characterized by marked pulmonary hypertension that

causes hypoxemia and right-to-left extrapulmonary shunting
of blood. By definition, PPHN is diagnosed postnatally.

Infant outcomes are listed as part of the obstetric data-
base. The database was searched for any of these diag-
noses and confirmed by individual medical record review.

STATISTICAL ANALYSES

Characteristics of the study population were summarized
using total number and percentages or medians and inter-
quartile ranges, as appropriate. Median dosages of SSRIs
by timing of prescription were compared using Kruskal-
Wallis tests, and Wilcoxon rank sum tests were used to
determine whether dosage of the various SSRI prescrip-
tions differed between preconception prescription dosages
and dosages in the first or second and third trimesters.
Fisher exact tests were used to determine whether the pro-
portion of CHD outcomes differed between those who took
SSRIs compared with those who did not. All analyses were
conducted using JMP 7.0.1 statistical software (SAS Insti-
tute, Cary, NC). All tests were 2-sided, and P<.05 was
considered statistically significant.

RESULTS

Sertraline was the most frequently prescribed SSRI (36.6%
of all SSRI exposures), with fluoxetine, paroxetine,
citalopram, venlafaxine, and escitalopram in declining or-
der (Table 1). Of the 25,214 deliveries, 208 newborns were
diagnosed as having CHD, a rate of 0.8%.

Only 3 of the 208 newborns who were diagnosed as
having CHD had exposure to SSRIs in utero. The preva-
lence of CHD was similar in neonates born to mothers
who used SSRIs at any point during their pregnancy
(0.4%) compared with mothers who did not (0.8%;
P=.23) (Table 2). Of the 25,214 deliveries, 16 newborns
were diagnosed as having PPHN; however, none had
known exposure to SSRIs (Table 2).

 TABLE 1. SSRI Use During Pregnancy in 808 Patients, by Typea

Citalopram 122 (15.1)
Venlafaxine 53 (6.6)
Escitalopram   8 (1.0)
Paroxetine 134 (16.6)
Fluoxetine 184 (22.8)
Sertraline 296 (36.6)
More than 1 SSRI 11 (1.4)

a Data are number (percentage) of patients. SSRI = selective serotonin
reuptake inhibitor.

TABLE 2. Proportions of CHD Outcomes Among Mothers Who Did
and Did Not Use SSRIs at Some Point During Pregnancya

No. (%) of mothers

SSRI use No SSRI use
CHD outcome (n=808) (n=24,406) P valueb

PPHN 0 (0.0)     16 (0.07) >.99
VSD 0 (0.0)    24 (0.1)c >.99
Other 3 (0.4) 181 (0.7) .29
Total 3 (0.4) 205 (0.8) .23

a CHD = congenital heart disease; PPHN = persistent pulmonary hyper-
tension of the newborn; SSRI = selective serotonin reuptake inhibitor;
VSD = ventricular septal defect.

b Fisher exact test.
c Twenty-four had isolated VSDs, and 50 had VSDs with some other

condition (included in “other” CHD category).
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We also reviewed dose and timing of SSRI use during
pregnancy. In fetuses exposed to an SSRI in which dose and
timing data were available (n=694), 545 (78.5%) of the
exposures occurred at conception. Overall, 68 of the 545
women discontinued use of their SSRI, leaving 477 (87.5%)
who continued taking the SSRI after learning of their preg-
nancy (Table 3). The range of doses and the median dose of
each SSRI at each exposure point are shown in Table 4. The
median doses of fluoxetine (P=.03) and sertraline (P<.001)
differed by exposure time. Table 5 shows the comparison
between mean SSRI doses initiated before conception, in the
first trimester, and in the second and third trimesters. The
median doses of several SSRIs (citalopram, venlafaxine,
fluoxetine, and sertraline) were significantly lower when
prescribed during the second and third trimesters compared
with the doses given before conception (Table 5).

DISCUSSION

The prevalence of major depressive disorders during
pregnancy or the postpartum period is estimated to be
between 10% and 15%.1,2 For the treatment of depression,
SSRIs are the first-line pharmacotherapy. Antenatal and
postpartum depression is a major concern for the health of
both the mother and the newborn.

Several studies18-22 have shown an increased risk of
VSDs in neonates exposed to paroxetine during the first
trimester. This finding led the US Food and Drug Adminis-
tration to advise women to avoid paroxetine during preg-
nancy if possible and to change pregnancy labeling from a
category C to D. Paroxetine is the only SSRI whose preg-
nancy category labeling has changed. However, a recent
meta-analysis23 that reviewed both previously published
and unpublished data noted no association between
paroxetine and cardiovascular defects.

In our study, 134 of the SSRI-treated mothers took
paroxetine. None of the paroxetine-exposed newborns
were diagnosed as having VSDs. In reviewing the 119
cases of paroxetine use during pregnancy for which all data
were available, the average dose was 31.55 mg, with most
exposures (76.47%) occurring at conception and continu-
ing throughout pregnancy.

We found that SSRI use during the prenatal period is
relatively low, occuring in 3.2% of our study population.
We noted that doses of prescribed SSRIs are signifi-
cantly lower if initiated during the second and third
trimesters of pregnancy compared with those prescribed
at the time of conception. This finding may demonstrate
that some physicians may be hesitant to prescribe higher
doses of SSRIs to pregnant women. It also raises the

TABLE 3. Timing of Initial SSRI Exposurea

Trimester

SSRI Conception Discontinuedb First Second Third Total

Citalopram   71 (65.7)   9 (8.3) 5 (4.6)   11 (10.2) 12 (11.1) 108
Venlafaxine   39 (78.0)     7 (14.0) 1 (2.0)   3 (6.0) 0 (0.0)   50
Escitalopram     7 (87.5)   0 (0.0) 0 (0.0)     1 (12.5) 0 (0.0)     8
Paroxetine   91 (76.5)   13 (10.9) 7 (5.9)   5 (4.2) 3 (2.5) 119
Fluoxetine 104 (67.5)   22 (14.3) 8 (5.2) 15 (9.7) 5 (3.2) 154
Sertraline 165 (64.7) 17 (6.7) 9 (3.5)   31 (12.2) 33 (12.9) 255

a Data are number (percentage) of selective serotonin reuptake inhibitor (SSRI) prescriptions
(n=694). Table does not include information on 78 prescriptions (9.7%) with unknown dose, 25
(3.1%) with unknown timing, and 11 (1.4%) instances of multiple drug exposure.

b Due to positive pregnancy test result.

TABLE 4. SSRI Dose by Exposure Timea

Conception Discontinuedb First trimester Second trimester Third trimester

No. of No. of No. of No. of No. of
prescrip- Dose prescrip- Dose prescrip- Dose prescrip- Dose prescrip- Dose

SSRI tions (mg) tions (mg) tions (mg) tions (mg)  tions (mg) P  valuec

Citalopram   71 40 (20-40)  9 20 (20-40) 5 20 (20-35) 11  20 (20-20)   12 20 (10-35) .14
Venlafaxine   39 150 (75-225)  7  75 (75-200) 1    37.5 (37.5-37.5)   3  75 (37.5-75)     0 NA .05
Escitalopram     7 20 (10-20)  0 NA 0 NA   1  20 (NA)     0 NA .45
Paroxetine   91 30 (20-40) 13 20 (20-40) 7 20 (10-20)   5  20 (15-25)     3 20 (10-50) .06
Fluoxetine 104 20 (20-40) 22 20 (20-40) 8 20 (20-20) 15  20 (20-20)     5 20 (20-30) .03
Sertraline 165   75 (50-100) 17   50 (30-100) 9   50 (50-100) 31  50 (50-50)   33 50 (50-50) <.001

a All doses are median (interquartile range). NA = not available; SSRI = selective serotonin reuptake inhibitor.
b Due to positive pregnancy test result
c Wilcoxon rank sum test.
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question of whether the doses prescribed later in preg-
nancy are clinically useful.

In light of this and other research, important clinical
questions include whom to treat and how to formulate an
informed consent discussion. An informed consent dis-
cussion should include the risks of depression during
pregnancy, nonpharmacological treatment options for
depression, possible risks of SSRI exposure to the fetus,
potential adverse effects to the mother, and benefits of
SSRI use for treatment of depression. The patient’s ulti-
mate decision and the reason for her decision should also
be discussed. Treatment is a personal decision between the
patient and physician, with the balance weighing toward
the patient’s decision. Furthermore, physicians should have
a similar discussion with all women of reproductive age
when considering treatment with an SSRI because most of
our patients were taking SSRIs at the time of conception.
Accumulating data demonstrate the safety of SSRI use
during pregnancy in terms of congenital defects; SSRIs
should be considered for use during pregnancy when the
benefit of treatment outweighs the estimated risk posed by
medication exposure.

Our study has several strengths. We reviewed data
throughout several years at a single medical center. In
addition, the obstetrics database used is prospectively
maintained. Although this is a tertiary medical facility,
most of the obstetrics population is community based. We
reviewed all pregnancies during this period, which cer-
tainly decreased our selection bias and allowed us to look
at prescription practices. Because drug exposure informa-
tion in our data was not based on a patient’s memory,
there is no possibility of recall bias.

Limitations of our study should not be overlooked. We
did not review demographic or clinical information, includ-
ing use of other prescription or nonprescription drugs, to-
bacco use, or alcohol use, that may affect fetal outcomes.
Determining adherence to prescribed SSRI therapy during
pregnancy is problematic. A patient who had SSRI use
documented or prescribed during pregnancy but who did not

TABLE 5. Comparison of SSRI Prescription Doses Across Prescriptions Initiated at Various Time Pointsa

             Dose (mg) Before conception
Before conception vs second or

Before conception In first trimester In second or third vs first trimester third trimester
SSRI (n=545) (n=30) trimester (n=119) Overall P valueb P valuec P valuec

Citalopram    30 (20-40)                 20 (20-35)  20 (20-20) .05 .54 .02
Venlafaxine    150 (75-206)          37.5 (NA)  75 (37.5-75) .03 .10 .03
Escitalopram    20 (10-20)                 NA  20 (NA) .45                            NA .61
Paroxetine 27.5 (20-40)                 20 (10-20)  20 (12.5-27.5) .01 .01 .11
Fluoxetine    20 (20-40)                 20 (20-20)  20 (20-20) .01 .04 .01
Sertraline      75 (50-100)                50 (50-100)  50 (50-50) <.001 .16 <.001

a All doses are median (interquartile range). NA = not available; SSRI = selective serotonin reuptake inhibitor.
b Kruskal-Wallis test.
c Wilcoxon rank sum test.

ingest the SSRI would be misclassified as an exposure. Our
data were taken from physician prescriptions rather than
pharmacy records; the former may document an increased
risk of nonadherence. Furthermore, we did not review the
actual amount of time the fetus was exposed to an SSRI.

The ability to diagnose these disorders is also a concern;
although PPHN would be diagnosed soon after birth, a
small VSD may be undetected. Therefore, we may have
underestimated the total number of heart defects. However,
our overall rate of 0.8% is similar to previous CHD esti-
mates of 0.4% to 1.0%,15-17 suggesting that we did not miss
large numbers of outcomes.

Finally, we were attempting to study an association be-
tween a rare exposure (SSRI use during pregnancy) and a
rare outcome (CHD in newborns), and, despite the large
sample size, the study was underpowered to detect small
associations. However, assuming an overall exposure rate to
SSRIs of 3.2%, we had 80% power to detect an odds ratio of
2.4 with this sample size. An odds ratio of 2.4 would have
represented an increased rate of CHD of 1.9% in SSRI-
exposed newborns compared with a baseline rate of 0.8% in
infants not exposed to SSRIs. We cannot rule out the possi-
bility that the risk may have been lower, but our data suggest
no increased risk in SSRI-exposed newborns.

CONCLUSION

Overall, we noted no association between CHD or PPHN
and SSRI use during pregnancy, and we were able to add to
the growing field of evidence demonstrating the safety of
using SSRIs during pregnancy. Although a randomized
controlled trial is the definitive tool to aid with resolution
of the issue of whether CHD is associated with SSRI use
during pregnancy, ethical issues arise when considering a
randomized controlled trial on potential adverse fetal out-
comes of SSRI use during pregnancy. Additional large-
scale, population-based cohort studies may be the only
alternative. Until more definitive conclusions are available,
increased fetal and newborn monitoring should be consid-
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ered. We noted a statistically significant difference in the
doses of SSRIs prescribed during the second and third
trimesters compared with the doses used before concep-
tion. This finding may be attributable to the hesitancy of
physicians to prescribe SSRIs during pregnancy. Nonethe-
less, physicians should use caution in prescribing SSRIs to
pregnant women if the doses are not clinically useful.


