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Background

Persistent pulmonary hypertension of the newborn (PPHN) is associated with substantial infant mortality and morbidity. A previous cohort study suggested a possible association between maternal use of the selective serotonin-reuptake inhibitor
(SSRI) fluoxetine late in the third trimester of pregnancy and the risk of PPHN in
the infant. We performed a case–control study to assess whether PPHN is associated
with exposure to SSRIs during late pregnancy.
Methods

Between 1998 and 2003, we enrolled 377 women whose infants had PPHN and 836
matched control women and their infants. Maternal interviews were conducted
by nurses, who were blinded to the study hypothesis, regarding medication use
in pregnancy and potential confounders, including demographic variables and
health history.
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Results

Fourteen infants with PPHN had been exposed to an SSRI after the completion of
the 20th week of gestation, as compared with six control infants (adjusted odds ratio,
6.1; 95 percent confidence interval, 2.2 to 16.8). In contrast, neither the use of SSRIs
before the 20th week of gestation nor the use of non-SSRI antidepressant drugs at
any time during pregnancy was associated with an increased risk of PPHN.
Conclusions

These data support an association between the maternal use of SSRIs in late pregnancy and PPHN in the offspring; further study of this association is warranted.
These findings should be taken into account in decisions as to whether to continue
the use of SSRIs during pregnancy.
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ersistent pulmonary hypertension
of the newborn (PPHN) occurs in an estimated 1 or 2 infants per 1000 live births
and is associated with substantial morbidity and
mortality.1-4 Despite treatment, 10 to 20 percent
of affected infants will not survive.4,5 Newborns
with PPHN are typically full-term or near-term
infants without associated congenital anomalies
who present shortly after birth with severe respiratory failure requiring intubation and mechanical ventilation.6 This disruption of the normal
fetal-to-neonatal circulatory transition is characterized by postnatal persistence of elevated pulmonary vascular resistance, resulting in right-toleft shunting of blood through fetal channels (the
patent ductus arteriosus, foramen ovale, or both),
diminished pulmonary blood flow, and profound
hypoxemia.6,7
On pathological study, newborn infants with
PPHN are found to have congenital pulmonary
vascular remodeling involving increased muscularization of the pulmonary arterioles. This increased muscularization may be due to distal extension of hypertrophied or hyperplastic arteriolar
smooth muscle.7 Possible mechanisms leading to
the maintenance of high pulmonary vascular resistance after birth may include decreased production of, or responsiveness to, vasodilators such
as nitric oxide and prostacyclin; increased production of, or responsiveness to, vasoconstrictors
such as endothelin and platelet-derived growth
factor; or changes in the production of, or responsiveness to, both vasoconstrictors and vasodilators.8 However, structural pulmonary vascular
remodeling clearly has a role in the pathogenesis
of at least some cases of PPHN.
These findings suggest that prenatal exposures can contribute to the pathogenesis of this
disorder. However, few studies have focused on
risk factors for the development of PPHN. Male
sex, nonvertex presentation, meconium staining of
the amniotic fluid, neonatal sepsis, and pneumonia have been suggested as potential risk factors.6,8 Maternal risk factors include a lower educational level, fever, urinary tract infection, diabetes,
cesarean section, antenatal use of nonsteroidal
antiinflammatory agents (NSAIDs), and possibly
tobacco use.6-10
The results of a previous small cohort study
conducted by a teratogen-information service generated the hypothesis that maternal use of selective serotonin-reuptake inhibitors (SSRIs) in late
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pregnancy may be a risk factor for PPHN.11 Among
174 infants born to women who used fluoxetine
for some portion of their pregnancies, the 73 who
were exposed to fluoxetine up to the time of delivery were significantly more likely to have specific transient neonatal complications, including
respiratory problems, jitteriness, and hypotonia,
than the 101 infants whose prenatal exposure was
restricted to the first trimester of pregnancy. Two
of the 73 infants (2.7 percent) exposed to fluoxetine in late pregnancy had PPHN, as compared
with none of the 101 exposed only in early pregnancy.11 We conducted a study to test the hypothesis that exposure to SSRIs during late pregnancy
is associated with an increased risk of PPHN. Our
study is part of a large case–control study of risk
factors for PPHN, conducted within the Birth Defects Study of the Slone Epidemiology Center.

Me thods
The Slone Epidemiology Center Birth Defects
Study began interviewing mothers of malformed
children in 1976.12 The present analyses are based
on a specially designed study, nested within the
Birth Defects Study, to evaluate risk factors for
PPHN, with a specific focus on exposure to NSAIDs
and SSRIs during late pregnancy. Study subjects
from 97 institutions in four metropolitan areas
(Boston; Philadelphia; San Diego, California; and
Toronto) were identified between 1998 and 2003.
To identify subjects, admission and discharge
records from major referral hospitals and clinics
were reviewed, logbooks from neonatal intensive
care units were examined, and weekly telephone
calls were made to collaborators at newborn nurseries in community hospitals; the calls to community hospitals were made to identify infants with
PPHN who might not have been referred to major
centers. Information on healthy newborns from
the same centers was also collected. Prior approval for the study was obtained from the review
boards of all participating institutions. All mothers who were interviewed gave oral consent and,
when it was required by institutional review boards,
written consent to participation in the study.
The participation rate was 69 percent for mothers of subjects with PPHN and 68 percent for
mothers of controls. After exclusion of mothers
who could not be located and invited to participate, the rates were 73 percent and 71 percent,
respectively.
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Selection of Patients and Controls

The diagnostic criteria for PPHN were a gestational age of more than 34 weeks, presentation shortly after birth with severe respiratory failure, and
evidence of pulmonary hypertension. Severe respiratory failure was defined as the need for intubation and mechanical ventilation. The exclusion
criteria were evidence of any cardiac anomaly except for patent ductus arteriosus, patent foramen
ovale, an atrial septal defect, or a single, small,
muscular ventricular septal defect. Subjects with
an atrial septal defect were included because
right-to-left atrial hemodynamic shunting commonly occurs among infants with PPHN, and neonatal echocardiographic studies often do not distinguish between atrial septal defects and patent
foramen ovale. Infants who had isolated small
muscular ventricular septal defects were not excluded, because the abnormality was thought to
be a hemodynamically insignificant finding.
Pulmonary hypertension was documented either by a 5 percent or greater gradient between
preductal and postductal oxygen saturation or by
echocardiographic evidence. Among those who
underwent echocardiography, infants were designated as having PPHN if any of the following
criteria were met: the cardiologist assigned the
diagnosis of PPHN or noted significant or marked
pulmonary hypertension, the echocardiogram
showed right-to-left hemodynamic shunting at
the ductus arteriosus or at the patent foramen
ovale, or the echocardiogram showed bidirectional
hemodynamic shunting accompanied by leftward
bowing of the ventricular septum to a degree consistent with a pulmonary arterial pressure more
than half of the systemic pressure.
Records for all infants admitted to the neonatal intensive care units at participating hospitals
were screened by nurses or by respiratory therapists specially trained to identify PPHN. One of
the authors, a neonatologist, who was blinded to
the history of maternal exposure to medications,
reviewed the medical records of all patients with
potential PPHN, including infants with diagnostic codes for asphyxia, cyanotic congenital heart
disease, respiratory distress syndrome, pneumonia, meconium aspiration, transient tachypnea of
the newborn, or pulmonary hypertension.
The control group consisted of infants born
after 34 weeks of gestation without malformations who were matched with patients according to
the hospital in which they were born and their
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date of birth (±30 days). The intended ratio of
patients to controls was 1:2. After the final classification of patients with confirmed PPHN and
completion of the interviews, controls who were
matched with these patients and whose mothers
had completed the interview were selected for the
analyses.
Assessment of Exposure

Within six months of delivery, trained study nurses who were unaware of the study hypothesis interviewed the mothers of the patients and the
mothers of the control infants. The telephone interview was detailed and structured, and it included questions on demographic characteristics,
the mother’s medical and obstetrical history, the
parents’ habits and occupations, and the use of all
medications (prescription and over-the-counter)
during the period from two months before conception to the end of the pregnancy. The interviewer entered the mother’s responses directly into the
computer. During the interview, the interviewer
had access to computerized dictionaries of drugs
and diagnoses, and responses were instantaneously
coded. Quality-control procedures were conducted both manually and by computer.
The mothers were asked whether they had taken any medication for depression. A list of specific antidepressant drugs was read to each mother.
Any report of medication use prompted a systematic series of questions, including the brand or
generic name of the drug, the indication for
which it was prescribed, the form and size of the
dose, the starting and stopping dates, the frequency of dosing, and the number of pills taken
per day. Recall of the timing of use was enhanced
by the use of a calendar that highlighted the date
of the woman’s last menstrual period and the
delivery date.
We classified antidepressants either as SSRIs
or as other antidepressants. To be consistent with
our hypothesis, we defined late-pregnancy exposure as the use of an antidepressant at any time
in the second half of gestation (from 20 completed
weeks after the first day of the last menstrual
period until the date of delivery).
Statistical Analysis

Multivariate conditional logistic regression was
used to estimate prevalence odds ratios (which approximate relative risks for rare outcomes) and 95
percent confidence intervals for PPHN in relation
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to antidepressant exposure. Risk estimates were ad- interview was 3.0 percent in the PPHN group and
justed for potential confounders. The analyses were 0 percent in the control group.
performed with SAS for Windows (version 8.2).
The specific SSRI medications that study participants reported using were citalopram, fluoxetine, paroxetine, and sertraline. Among non-SSRI
R e sult s
antidepressants, participants reported using tricyWe enrolled 637 infants with possible PPHN; the clic antidepressants (namely, amitriptyline, imipdiagnosis was confirmed in 377 of the infants, ramine, and nortriptyline), bupropion, venlafaxine,
12 of whom (3.2 percent) were born after a mul- and trazodone.
Maternal factors significantly associated with
tiple pregnancy. These 377 patients were matched
with 836 controls, 17 of whom (2.0 percent) were PPHN in unadjusted analyses included lower eduborn after a multiple pregnancy, for a case–con- cational level, black or Asian race, higher prepregtrol ratio of 1:2.2. Of the 377 patients, 60 were pre- nancy body-mass index (the weight in kilograms
term (born after a gestation period of >34 through divided by the square of the height in meters),
<37 weeks). Among infants born at term, 265 were and diabetes mellitus; male infants also had inborn with a patent ductus arteriosus. The frequen- creased risk (Table 1). The factors associated in
cy of infant death up to the time of the maternal unadjusted analyses with SSRI use in the control
Table 1. Selected Demographic, Maternal, and Fetal Characteristics of Study Subjects.*

Characteristic

Definite PPHN
(N = 377)

Matched Controls
(N = 836)

Crude Matched
Odds Ratio
(95% CI)

Adjusted
Odds Ratio
(95% CI)†

no. (%)
Maternal education (yr)‡
<13

133 (35.5)

228 (27.3)

1.0

1.0

13–15

106 (28.3)

234 (28.0)

0.8 (0.6–1.1)

0.8 (0.5–1.1)

>15

136 (36.3)

374 (44.7)

0.6 (0.5–0.9)

0.7 (0.5–1.0)

White

217 (57.6)

606 (72.5)

1.0

1.0

Black

70 (18.6)

75 (9.0)

3.0 (1.9–4.7)

2.3 (1.4–3.8)

Asian

32 (8.5)

42 (5.0)

2.3 (1.4–3.8)

2.2 (1.2–3.9)

Hispanic

45 (11.9)

91 (10.9)

1.4 (0.9–2.1)

1.1 (0.7–1.8)

Other

13 (3.4)

22 (2.6)

2.0 (1.0–4.1)

1.5 (0.7–3.3)

Maternal race or ethnic group§

Maternal age¶
≤25 yr

99 (26.3)

208 (24.9)

1.0

1.0

25–30 yr

104 (27.6)

240 (28.7)

1.0 (0.7–1.4)

1.2 (0.8–1.8)

30–35 yr

112 (29.7)

261 (31.3)

1.0 (0.7–1.4)

1.2 (0.8–1.8)

62 (16.4)

126 (15.1)

1.1 (0.8–1.7)

1.4 (0.9–2.3)

>35 yr
Maternal prepregnancy BMI∥
<20

38 (10.1)

152 (18.2)

1.0

1.0

20–27

197 (52.3)

497 (59.4)

1.5 (1.0–2.4)

1.5 (1.0–2.3)

>27

134 (35.5)

174 (20.8)

3.0 (1.9–4.6)

2.6 (1.6–4.0)

8 (2.1)

13 (1.6)

2.2 (0.8–5.9)

1.9 (0.7–5.3)

Male

239 (63.4)

410 (49.0)

1.0

1.0

Female

138 (36.6)

426 (51.0)

0.5 (0.4–0.7)

0.6 (0.5–0.8)

Not available**
Infant’s sex
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group included tobacco and alcohol use, maternal diabetes, a body-mass index of more than 27,
and white race (data not shown). These factors
have previously been associated with the use of
antidepressants.13,14
Table 2 presents the matched odds ratios and
95 percent confidence intervals for antidepressant
use relative to no antidepressant use during pregnancy. The crude risk of PPHN associated with the
use of any antidepressant at any time in pregnancy was not significantly elevated (odds ratio,
1.3; 95 percent confidence interval, 0.7 to 2.2),
nor was the use of SSRIs alone at any time in pregnancy significantly associated with PPHN (odds
ratio, 1.5; 95 percent confidence interval, 0.8 to
2.9). However, when the comparison was stratified according to the timing of exposure in preg-

nancy, use of any antidepressant after the 20th
week of gestation was significantly associated with
PPHN (odds ratio, 2.9; 95 percent confidence interval, 1.3 to 6.5). Further analysis demonstrated
that this association was entirely attributable to
the subgroup of infants with late exposure to
SSRIs (odds ratio for SSRI use after the 20th week
of gestation relative to no use in the pregnancy,
5.1; 95 percent confidence interval, 1.9 to 13.3).
There was no increased risk of PPHN when SSRI
use was restricted to the first half of the pregnancy (odds ratio, 0.3; 95 percent confidence interval, 0.1 to 1.1).
Adjustment in a multivariate analysis for maternal diabetes (pregestational or gestational, with
or without treatment), maternal race or ethnic
group, and body-mass index did not attenuate

Table 1. (Continued.)

Definite PPHN
(N = 377)

Characteristic

Matched Controls
(N = 836)

Crude Matched
Odds Ratio
(95% CI)

Adjusted
Odds Ratio
(95% CI)†

no. (%)
Single or multiple pregnancy
Single

365 (96.8)

819 (98.0)

12 (3.2)

17 (2.0)

No

340 (90.2)

801 (95.8)

Yes

37 (9.8)

35 (4.2)

Multiple

1.0

1.0

1.6 (0.8–3.5)

1.4 (0.6–3.2)

1.0

1.0

2.4 (1.5–3.8)

1.6 (0.9–2.8)

Maternal diabetes

Maternal smoking
Never

226 (59.9)

494 (59.1)

1.0

1.0

Before pregnancy

84 (22.3)

206 (24.6)

0.9 (0.7–1.2)

0.9 (0.7–1.3)

During pregnancy

67 (17.8)

136 (16.3)

1.1 (0.8–1.5)

1.2 (0.8–1.7)

Never

229 (60.7)

402 (48.1)

1.0

1.0

Before pregnancy

141 (37.4)

412 (49.3)

0.6 (0.5–0.8)

0.8 (0.6–1.1)

During pregnancy

7 (1.9)

22 (2.6)

0.6 (0.2–1.4)

0.6 (0.3–1.6)

No

340 (90.2)

749 (89.6)

Yes

37 (9.8)

87 (10.4)

Maternal alcohol use

Maternal NSAID use after wk 20
1.0

1.0

1.0 (0.6–1.5)

0.8 (0.5–1.3)

* PPHN denotes persistent pulmonary hypertension of the newborn, CI confidence interval, BMI body-mass index, and
NSAID nonsteroidal antiinflammatory drug. For each characteristic, the subgroup listed first served as the reference
category for the odds ratios.
† The odds ratios for each characteristic have been adjusted for all others in the table. Other characteristics (e.g., family
income and parity) were not significantly associated with PPHN (data not shown).
‡ Educational level was not reported for two women in the definite-PPHN group.
§ Maternal race or ethnic group was self-reported.
¶ Age was not reported for one woman in the matched-controls group.
∥ The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.
** Data are missing because some women did not report their height.
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Table 2. Use of SSRIs and Other Antidepressants during Pregnancy by Mothers of Infants with PPHN and Matched Controls.*

Definite PPHN
(N = 377)

Variable

Matched Controls
(N = 836)

Crude Matched
Odds Ratio
(95% CI)

Adjusted
Odds Ratio
(95% CI)†

P Value‡

no. (%)
Maternal use of antidepressants
Never during pregnancy

357 (94.7)

799 (95.6)

Any time during pregnancy

20 (5.3)

37 (4.4)

SSRI

16 (4.2)

24 (2.9)

1.5 (0.8–2.9)

1.6 (0.8–3.2)

0.16

4 (1.1)

13 (1.6)

0.8 (0.3–2.4)

0.8 (0.2–2.7)

0.76

357 (94.7)

799 (95.6)

1.0

1.0

Other antidepressant

1.0

1.0

1.3 (0.7–2.2)

1.4 (0.8–2.5)

0.30

Maternal use of antidepressants
Never during pregnancy
Before wk 20
After wk 20

6 (1.6)

26 (3.1)

0.5 (0.2–1.3)

0.6 (0.2–1.5)

0.28

14 (3.7)

11 (1.3)

2.9 (1.3–6.5)

3.2 (1.3–7.4)

0.008

Maternal use of SSRIs
Never during pregnancy

361 (95.8)

812 (97.1)

1.0

1.0

Before wk 20

2 (0.5)

18 (2.2)

0.3 (0.1–1.1)

0.3 (0.1–1.2)

0.08

After wk 20§

5.1 (1.9–13.3)

6.1 (2.2–16.8)

0.001

14 (3.7)

6 (0.7)

Fluoxetine

3 (0.8)

4 (0.5)

Sertraline

7 (1.9)

2 (0.2)

Paroxetine

4 (1.1)

0

* PPHN denotes persistent pulmonary hypertension of the newborn, CI confidence interval, and SSRI selective serotonin-reuptake inhibitor.
For each variable, the subgroup listed first served as the reference category for the odds ratios.
† Odds ratios have been adjusted for maternal race or ethnic group, prepregnancy body-mass index, and diabetes. Further adjustment
for other factors (e.g., smoking, alcohol intake, and use of NSAIDs after week 20) did not substantially change the results.
‡ The P values refer to adjusted comparisons.
§ All mothers who reported the use of citalopram discontinued the medication before the second half of gestation.

the association between exposure to SSRIs late
in pregnancy and PPHN, which remained significantly elevated (adjusted odds ratio, 6.1; 95 percent confidence interval, 2.2 to 16.8) (Table 2).
Inclusion of other factors in the multivariate
model, such as use of NSAIDs in late pregnancy,
smoking, and alcohol intake, did not substantially
change the results (data not shown). The proportion of SSRI-exposed women taking another psychoactive drug in the second half of the pregnancy was similar for mothers of patients (29
percent) and mothers of controls (33 percent).
Furthermore, restriction of analyses to full-term
births (infants born at 37 weeks of gestation or
later) resulted in a similar estimate of the odds
ratio (adjusted odds ratio, 5.6; 95 percent confidence interval, 2.0 to 15.4). The association was
also similar for patients with and without patent
ductus arteriosus and after exclusion of mothers
whose infants died (data not shown).
Although our predefined cutoff point for ex-
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posure in late pregnancy was 20 weeks of gestation, 12 of the 14 mothers with late SSRI exposure
whose infants had PPHN continued use of their
medication at least into the eighth month of pregnancy. Post hoc analysis using a cutoff point of
26 weeks of gestation yielded identical results (adjusted odds ratio, 6.1; 95 percent confidence interval, 2.2 to 16.8). The numbers were too small
to permit examination of the effects of dose size,
specific SSRI used, or reduction of the length of
exposure before delivery.

Dis cus sion
This large case–control epidemiologic study focusing on risk factors for PPHN showed a significant association between exposure of a mother
to an SSRI during late pregnancy and the occurrence of PPHN in her infant. This finding is consistent with an earlier observation in a small cohort study.11
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Although our study cannot establish causality, several possible mechanisms suggest that a
causal association is plausible. The lung acts as
a reservoir for antidepressant drugs, and substantial accumulation of SSRIs in the lungs has been
reported.15,16 Serotonin not only has vasoconstrictive properties that increase pulmonary vascular
resistance,17 but also has mitogenic and comitogenic effects on pulmonary smooth-muscle
cells.18,19 Thus, higher circulating levels of serotonin in the fetus and accumulation of serotonin
in the fetal lung might result in the proliferation of smooth-muscle cells that is characteristic
of PPHN.
Another potential pathway is through the inhibitory effect of SSRIs on the synthesis of nitric
oxide, a vasodilator that appears to have a role in
the regulation of vascular tone and reactivity both
in utero and during postnatal life.7 In one study,
the release of nitric oxide was inhibited in a
dose-dependent fashion in synovial-cell culture
medium treated with fluoxetine.20 In a sample of
patients with cardiac disease who were treated
with paroxetine, the activity of nitric oxide synthase was inhibited and the serum levels of nitrite and nitrate were significantly decreased as
compared with pretreatment levels.21
Our findings may be consistent with some of
the transient neonatal complications noted to
occur in 20 to 30 percent of newborns with late
prenatal exposure to SSRIs.11,22-28 Mild respiratory distress, transient tachypnea of the newborn,
failure to cry, and cyanosis are among the complications that are reported with increased frequency.11,23,24,27,28 It is possible that these respiratory problems represent the less severe end of
the spectrum in a range of outcomes consistent
with PPHN.
We found a nonsignificant reduction in the
risk of PPHN when SSRI exposure was limited to
the first half of gestation; however, this estimate
was based on only two exposed patients. Our
study was specifically designed to assess the association of PPHN with SSRI use in the second
half of pregnancy. An alternative explanation for
our results is confounding, particularly confounding by indication. However, exposure to non-SSRI
antidepressants was not associated with PPHN,
nor was there an association between PPHN and
SSRIs when exposure was limited to the first half
of gestation; these observations suggest that maternal depression was not independently associ-
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ated with PPHN. Controlling for other potential
confounders, including maternal body-mass index, smoking, use of NSAIDs in late pregnancy,
and diabetes, did not attenuate the association
between SSRI use in late pregnancy and PPHN.
Although residual confounding cannot be ruled
out, we believe it is unlikely that it could account
for an elevated risk of this size. On the other
hand, it is important to note that our findings,
although statistically significant, are based on a
relatively small number of exposed mothers with
affected infants.
A potential limitation of this study is the
retrospective design, which introduces the possibilities of inaccurate recall or recall bias. However, all interviews were conducted within six
months after delivery, antidepressants are prescription medications taken over the long term,
and the study interviewers specifically and similarly questioned both mothers of patients and
mothers of controls regarding their use of antidepressants.29 The likelihood of recall bias is
reduced by the fact that neither the interviewers
nor the mothers were aware of the study hypothesis at the time of the interview.30 In addition, it
seems implausible that there would be differential recall of the gestational timing of exposure
to SSRIs and that of exposure to other antidepressants.
It is important to replicate these findings in
other studies. In addition, further research should
assess the relationship of different types and dosages of SSRIs with PPHN and with milder respiratory complications in newborns. Studies should
also be undertaken to investigate whether there is
any association between SSRIs and PPHN in the
offspring of women who discontinue SSRI use
late in pregnancy. Furthermore, to better identify
patients who may be at risk, investigations should
explore interactions between environmental and
genetic factors, the latter including polymorphisms
affecting the production or regulation of enzymes
involved in the metabolism of SSRIs,26 as well as
mutations related to PPHN.
The prevalence of major depressive disorders
among women of reproductive age is estimated to
be between 10 and 15 percent.31 SSRIs are among
the most common medications used to treat these
disorders,32,33 and continued treatment may be
needed throughout pregnancy for the health of
the mother.34 Our findings might be factored into
an assessment of the benefit and risk for a par-
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ticular mother. On the assumption that the relative risk of 6.1 for PPHN observed in our study
is true, and that the relation is causal, the absolute
risk among those who use SSRIs late in pregnancy is relatively low (about 6 to 12 per 1000
women); to put it in other terms, about 99 percent of women exposed to one of these medications late in pregnancy will deliver an infant unaffected by PPHN. Pending further studies to
confirm these findings, clinicians and their patients must consider both the benefits of SSRIs
in the treatment of depression and the potential
risk of PPHN relative to the risks and benefits of
alternative treatments or nontreatment.
Supported by a grant (HL50763) from the National Heart,
Lung, and Blood Institute and by the National Center for Birth
Defects Research and Prevention and the Massachusetts Department of Public Health.
Dr. Chambers and Dr. Jones report having received research
support from Apotex, Barr Laboratories, Par Pharmaceutical,
Teva Pharmaceuticals, and Sandoz; Dr. Louik and Dr. Werler,
research support from GlaxoSmithKline; and Dr. Mitchell, research support from GlaxoSmithKline, Barr Laboratories, and
Genpharm. No other potential conflict of interest relevant to
this article was reported.
We are indebted to Dawn Jacobs, R.N., M.P.H., Rachel Wilson, M.P.H., Fiona Rice, M.P.H., Rita Krolak, R.N., Sally Perkins,
R.N., Kathleen Sheehan, R.N., Karen Bennett Mark, R.N., Deborah Kasindorf, R.N., Clare Coughlin, R.N., Geraldine Ellison,
R.N., Joan Shander, Diane Gallagher, Nastia Dynkin, Nancy Rodriquez-Sheridan, Cecelia Stadler, Meghan Malone-Moses, Irene
Shephard, R.N., Melody Kisor, Dawn Taggett, M.P.H., Sherlonda
Allen, Michelle Hose, R.N., Beth Smith, R.N., Patricia Maloney,
R.N., Merianne Mitchell, R.T., Valerie Hillis, Steven Rivers, and
John Farrell for their assistance in data collection and computer
programming. We also thank the medical and nursing staff of
the following participating hospitals. Boston area: Baystate Medical Center, Beth Israel Deaconess Medical Center, Boston Medical Center, Brigham and Women’s Hospital, Brockton Hospital,
Cambridge Hospital, Caritas Good Samaritan Medical Center,

of

m e dic i n e

Charlton Memorial Hospital, Children’s Hospital, Emerson Hospital, Falmouth Hospital, Haverhill–Hale Hospital, Jordan Hospital, Kent Hospital, Lawrence General Hospital, Lowell General
Hospital, Melrose–Wakefield Hospital, Metro West Medical
Center–Framingham, Mt. Auburn Hospital, New England Medical Center, Newton–Wellesley Hospital, North Shore Medical
Center, Rhode Island Hospital, Saints Memorial Medical Center,
South Shore Hospital, Southern New Hampshire Medical Center, St. Elizabeth’s Medical Center, St. Luke’s Hospital, St. Vincent
Hospital, UMass Memorial Health Care, and Women and Infants’
Hospital. Philadelphia area: Abington Memorial Hospital, Albert
Einstein Medical Center, Alfred I. duPont Hospital for Children,
Bryn Mawr Hospital, Chester County Hospital, Children’s Hospital of Philadelphia, Christiana Care Health Services, Community
Hospital of Lancaster, Crozer–Chester Medical Center, Doylestown
Hospital, Frankford Hospital, Hahnemann University Hospital,
the Hospital of the University of Pennsylvania, Lankenau Hospital, Lancaster General Hospital, Lehigh Valley Hospital, Nanticoke Memorial Hospital, Pennsylvania Hospital, Sacred Heart
Hospital, St. Christopher’s Hospital for Children, St. Mary Medical Center, Temple University Health Sciences Center, Reading
Hospital and Medical Center, and Thomas Jefferson University
Hospital. Toronto area: Grand River Hospital, Guelph General Hospital, Hamilton Health Sciences Corporation, the Hospital for
Sick Children, Humber River Regional Hospital–Church Site,
Humber River Regional Hospital–Finch Site, Joseph Brant Memorial Hospital, Lakeridge Health Corporation, London Health Sciences Center, Mt. Sinai Hospital, North York General Hospital,
Oakville Trafalgar Memorial Hospital, Scarborough Hospital–
General Division, Scarborough Hospital–Grace Division, St. Joseph’s Health Centre–London, St. Joseph’s Health Centre–Toronto,
St. Joseph’s Healthcare–Hamilton, St. Michael’s Hospital, Sunnybrook and Women’s College Health Sciences Center, Toronto
East General Hospital, Toronto General Hospital, Trillium Health
Center, William Osler Heath Centre, York Central Hospital, and
York County Hospital. San Diego area: Alvarado Hospital, Balboa
Naval Medical Center, Camp Pendleton Naval Hospital, Children’s Hospital and Health Center, Kaiser Zion Medical Center,
Palomar Medical Center, Pomerado Hospital, Scripps Memorial
Hospital–Encinitas, Scripps Memorial Hospital–Chula Vista,
Scripps Memorial Hospital–La Jolla, Scripps Mercy Hospital,
SharpChula Vista Hospital, Sharp Coronado Hospital, Sharp
Grossmont Hospital, Sharp Mary Birch Hospital, Tri-City Medical Center, and UCSD Medical Center.

References

586

1. Farrow KN, Fliman P, Steinhorn RH.

6. Van Marter LJ, Leviton A, Allred EN,

The diseases treated with ECMO: focus
on PPHN. Semin Perinatol 2005;29:8-14.
2. John E, Roberts V, Burnard E. Persistent pulmonary hypertension of the newborn treated with hyperventilation: clinical features and outcome. Aust Paediatr J
1988;24:357-61.
3. Hageman JR, Adams MA, Gardner
TH. Persistent pulmonary hypertension
of the newborn: trends in incidence, diagnosis, and management. Am J Dis Child
1984;138:592-5.
4. Walsh-Sukys MC, Tyson JE, Wright LL,
et al. Persistent pulmonary hypertension of
the newborn in the era before nitric oxide:
practice variation and outcomes. Pediatrics 2000;105:14-20.
5. Fricker J. Nitric oxide may reduce
need for extracorporeal membrane oxygenation. Lancet 1996;347:1397.

et al. Persistent pulmonary hypertension
of the newborn and smoking and aspirin
and nonsteroidal anti-inflammatory drug
consumption during pregnancy. Pediatrics 1996;97:658-63.
7. Abman SH. New developments in the
pathogenesis and treatment of neonatal
pulmonary hypertension. Pediatr Pulmonol
Suppl 1999;18:201-4.
8. Dakshinamurti S. Pathophysiologic
mechanisms of persistent pulmonary hypertension of the newborn. Pediatr Pulmonol 2005;39:492-503.
9. Reece EA, Moya F, Yazigi R, et al. Persistent pulmonary hypertension: assessment of perinatal risk factors. Obstet Gynecol 1987;70:696-700.
10. Bearer C, Emerson RK, O’Riordan MA,
Roitman E, Shackleton C. Maternal tobacco smoke exposure and persistent pul-

n engl j med 354;6

www.nejm.org

monary hypertension of the newborn.
Environ Health Perspect 1997;105:202-6.
11. Chambers CD, Johnson KA, Dick LM,
Felix RJ, Jones KL. Birth outcomes in pregnant women taking fluoxetine. N Engl J
Med 1996;335:1010-5.
12. Mitchell AA, Rosenberg L, Shapiro S,
Slone D. Birth defects related to Bendectin use in pregnancy. I. Oral clefts and
cardiac defects. JAMA 1981;245:2311-4.
13. Hasler G, Pine DS, Gamma A, et al.
The associations between psychopathology and being overweight: a 20-year prospective study. Psychol Med 2004;34:104757.
14. Wisner KL, Gelenberg AJ, Leonard H,
Zarin D, Frank E. Pharmacologic treatment of depression during pregnancy.
JAMA 1999;282:1264-9.
15. Suhara T, Sudo Y, Yoshida K, et al.
Lung as reservoir for antidepressants in

february 9, 2006

Downloaded from www.nejm.org by MR GARTH E. SIMINGTON on October 11, 2006 .
Copyright © 2006 Massachusetts Medical Society. All rights reserved.

SSRI S in Pregnancy and Pulmonary Hypertension of the Newborn

pharmacokinetic drug interactions. Lancet 1998;351:332-5.
16. Lemberger L, Bergstrom RF, Wolen
RL, Farid NA, Enas GG, Aronoff GR.
Fluoxetine: clinical pharmacology and
physiologic disposition. J Clin Psychiatry
1985;46:14-9.
17. McMahon TJ, Hood JS, Nossaman BD,
Kadowitz PJ. Analysis of responses to serotonin in the pulmonary vascular bed of
the cat. J Appl Physiol 1993;75:93-102.
18. Runo JR, Loyd JE. Primary pulmonary
hypertension. Lancet 2003;361:1533-44.
19. Eddahibi S, Raffestin B, Hamon M,
Adnot S. Is the serotonin transporter involved in the pathogenesis of pulmonary
hypertension? J Lab Clin Med 2002;139:
194-201.
20. Yaron I, Shirazi I, Judovich R, Levartovsky D, Caspi D, Yaron M. Fluoxetine
and amitriptyline inhibit nitric oxide, prostaglandin E2, and hyaluronic acid production in human synovial cells and synovial
tissue cultures. Arthritis Rheum 1999;42:
2561-8.
21. Finkel MS, Laghrissi-Thode F, Pollock
BG, Rong J. Paroxetine is a novel nitric
oxide synthase inhibitor. Psychopharmacol Bull 1996;32:653-8.
22. Nordeng H, Lindemann R, Perminov

KV, Reikvam A. Neonatal withdrawal syndrome after in utero exposure to selective
serotonin reuptake inhibitors. Acta Paediatr 2001;90:288-91.
23. Costei AM, Kozer E, Ho T, Ito S, Koren G. Perinatal outcome following third
trimester exposure to paroxetine. Arch
Pediatr Adolesc Med 2002;156:1129-32.
24. Kallen B. Neonate characteristics after maternal use of antidepressants in late
pregnancy. Arch Pediatr Adolesc Med
2004;158:312-6.
25. Zeskind PS, Stephens LE. Maternal
selective serotonin reuptake inhibitor use
during pregnancy and newborn neurobehavior. Pediatrics 2004;113:368-75.
26. Laine K, Kytola J, Bertilsson L. Severe
adverse effects in a newborn with two defective CYP2D6 alleles after exposure to
paroxetine during late pregnancy. Ther
Drug Monit 2004;26:685-7.
27. Sanz EJ, De-las-Cuevas C, Kiunu K,
Bate A, Edwards R. Selective serotonin
reuptake inhibitors in pregnant women
and neonatal withdrawal syndrome:
a database analysis. Lancet 2005;365:4827.
28. Moses-Kolko EL, Bogen D, Perel J, et
al. Neonatal signs after in utero exposure
to serotonin reuptake inhibitors: litera-

n engl j med 354;6

www.nejm.org

ture review and implications for clinical
applications. JAMA 2005;293:2372-83.
29. Mitchell AA, Cottler LB, Shapiro S.
Effect of questionnaire design on recall of
drug exposure in pregnancy. Am J Epidemiol 1986;123:670-6.
30. Hernan MA, Hernandez-Diaz S, Werler MM, Mitchell AA. Causal knowledge
as a prerequisite for confounding evaluation: an application to birth defects epidemiology. Am J Epidemiol 2002;155:176-84.
31. Blazer DG, Kessler RC, McGonagle
KA, Swartz MS. The prevalence and distribution of major depression in a national community sample: the National Comorbidity Survey. Am J Psychiatry 1994;
151:979-86.
32. Kaufman DW, Kelly JP, Rosenberg L,
Anderson TE, Mitchell AA. Recent patterns of medication use in the ambulatory
adult population of the United States: the
Slone survey. JAMA 2002;287:337-44.
33. Andrade SE, Gurwitz JH, Davis RL, et
al. Prescription drug use in pregnancy.
Am J Obstet Gynecol 2004;191:398-407.
34. Moses-Kolko EL, Roth EK. Antepartum and postpartum depression: healthy
mom, healthy baby. J Am Med Womens
Assoc 2004;59:181-91.
Copyright © 2006 Massachusetts Medical Society.

february 9, 2006

Downloaded from www.nejm.org by MR GARTH E. SIMINGTON on October 11, 2006 .
Copyright © 2006 Massachusetts Medical Society. All rights reserved.

587

