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DEPRESSIVE AND ANXIETY DIS-
orders affect 13.5% and 4.7%
o f r ep roduc t i v e - aged
women, respectively.1,2 The

primary treatments for these disor-
ders are selective serotonin reuptake in-
hibitor (SSRI) antidepressants (fluox-
etine, paroxetine, sertraline, citalopram,
and fluvoxamine) and serotonin nor-
epinephrine reuptake inhibitor (SNRI)
antidepressants (venlafaxine and du-
loxetine). Gestational use of these medi-
cations is not associated with an in-
creased risk of major fetal anomalies3-9;
however, the common use of these
drugs has shifted attention to other do-
mains of reproductive toxicity, such as
neonatal behavioral signs.

The US Food and Drug Administra-
tion (FDA) and the manufacturers of
serotonin reuptake inhibitors (SRIs, in-
cluding both SSRIs and SNRIs) re-
cently agreed to a class labeling change
that cautions physicians and patients
about neonatal complications associ-
ated with late pregnancy exposure. The
label lists the clinical features of the SRI-
related neonatal syndrome, suggests a
withdrawal or toxicity mechanism for
the syndrome, and states that tapering
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Context A neonatal behavioral syndrome linked to in utero serotonin reuptake in-
hibitor (SRI) exposure during the last trimester of pregnancy has been identified. The
US Food and Drug Administration (FDA) and drug manufacturers have recently agreed
to a class labeling change for SRIs, which include selective serotonin reuptake inhibi-
tors (SSRIs) and serotonin and norepinephrine reuptake inhibitors (SNRIs), to include
information about potential adverse events in neonates exposed in utero. Integration
of data about the neonatal behavioral syndrome into the management of pregnancy
in women who take SRIs is a current challenge for physicians.

Objectives To review evidence regarding the SRI-related neonatal syndrome and
to help clinicians guide their patients in a risk-benefit decision-making process.

Data Sources We searched MEDLINE (1966–February 2005) and PsycINFO (1974–
February 2005). All articles related to neonatal signs after in utero SRI exposure were
acquired, as well as unpublished data on this topic from the FDA advisory committee
meeting of June 2004. References cited in case reports and studies were reviewed.
Foreign-language literature was included and translated to English.

Study Selection and Data Extraction Studies were included if they had clearly
identified maternal SRI exposure for a minimum of the final trimester of pregnancy through
delivery and assessed neonatal outcomes. We identified 13 case reports describing a total
of 18 cases. Nine cohort studies met criteria. When not included in the published article,
relative risks and 95% confidence intervals (CIs) were computed from raw data and sum-
mary risk ratios and 95% CIs were determined with Mantel-Haenszel estimates.

Data Synthesis Compared with early gestational SRI exposure or no exposure, late
SRI exposure carries an overall risk ratio of 3.0 (95% CI, 2.0-4.4) for a neonatal be-
havioral syndrome. The most SRI-related neonatal case reports involved fluoxetine and
paroxetine exposures. Neonates primarily display central nervous system, motor, res-
piratory, and gastrointestinal signs that are usually mild and disappear by 2 weeks of
age. Medical management has consisted primarily of supportive care in special care
nurseries. A severe syndrome that consists of seizures, dehydration, excessive weight
loss, hyperpyrexia, or intubation is rare in term infants (1/313 quantifiable cases). There
have been no reported neonatal deaths attributable to neonatal SRI exposure.

Conclusions Available evidence indicates that in utero exposure to SRIs during the
last trimester through delivery may result in a self-limited neonatal behavioral syn-
drome that can be managed with supportive care. The risks and benefits of discon-
tinuing an SRI during pregnancy need to be carefully weighed for each individual pa-
tient. Development and validation of assessment methods and clinical management
strategies are critical to advancing this research.
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the SRI in the third trimester might be
considered as an option to reduce or
prevent these symptoms.10 The goal of
this synthesis is to review published evi-
dence regarding the SRI-related neo-
natal syndrome and to help clinicians
guide their patients in this risk-
benefit decision-making process.11 This
review focuses on (1) signs that char-
acterize the SRI-related neonatal syn-
drome; (2) quantification of the risk of
this syndrome; (3) inferences about
pharmacologic mechanisms from the
literature on adults; and (4) candidate
strategies to prevent or treat the SRI-
related neonatal syndrome.

METHODS
We searched MEDLINE (1966–
February 2005) and PsycINFO (1974–
February 2005) computerized data-
bases using the key words serotonin
syndrome, SSRI-discontinuation syn-
drome, SSRI, SNRI, second generation
antidepressant agents, pregnancy, post-
partum, lactation, breastfeeding, new-
born, neonate, and pharmacokinetics. Ar-
ticles related to neonatal behavioral signs
in humans after late in utero exposure
were acquired. References cited in case
reports and studies were obtained and
reviewed. Foreign-language literature
(n=3) was included and translated to
English. Inclusion criteria were (1)
clearly identified maternal SRI expo-
sure for a minimum of the final trimes-
ter of pregnancy through delivery and
(2) presence of neonatal outcome as-
sessment. We excluded 1 case15 with a
gestational age of 27 weeks because ex-
treme prematurity would confound the
presence of neonatal signs attributable
to an SRI. The yield was divided into case
reports, case series, and cohort studies
for analysis. If not reported in the pub-
lished article, relative risks (95% confi-
dence intervals [CIs]) were computed
from raw data with exact methods. Sum-
mary risk ratios (95% CIs) were deter-
mined with Mantel-Haenszel estimates
by exact methods. All computations
were completed with intercooled STATA
software, version 8 (Stata Corp, Col-
lege Station, Tex).

RESULTS
Case Reports
We identified 13 published articles de-
scribing a total of 18 cases of SRI-
related neonatal signs (TABLE 1 and
TABLE 2). Infants were exposed to par-
oxetine (n=11), fluoxetine (n=4), ser-
traline (n=1), citalopram (n=1), and
venlafaxine (n=1). Fifteen infants were
full-term and 3 were premature (34-36
weeks of gestation). In utero SRI ex-
posure occurred in all cases for at least
the final 17 gestational weeks (me-
dian, 40 weeks; range, 17-40 weeks).

Single case reports can be valuable
for generating symptom cluster descrip-
tions and in initial data gathering for
hypothesis generation and testing in
larger studies. However, the rate of oc-
currence of an adverse outcome can-
not be determined because of the lack
of a denominator. Lack of standard-
ized information about maternal medi-
cal history, delivery complications, and
the infant’s medical workup compli-
cates the synthesis of case material.
Tempered by these limitations, the case
literature is valuable for (1) creating a
list of frequent neonatal signs; (2) ex-
amining differences in neonatal signs
related to specific SRIs; and (3) mak-
ing inferences about the likelihood of
a withdrawal or toxicity syndrome from
specific SRIs.

Reported clinical signs were tabu-
lated (Table 1 and Table 2). Tremors/
jitteriness/shivering (n=11), increased
muscle tone (n=11), feeding/digestive
disturbances (n = 9), irritability/
agitation (n=9), and respiratory dis-
tress (n=7) were the most common signs
associated with SRI exposure. The mean,
median, and modal number of signs per
case was 4. Sign onset ranged from birth
to 3 weeks and the duration ranged from
2 days to 1 month in 1 infant. In the ma-
jority of cases, sign duration was less
than 2 weeks.

Eleven (61%) of the 18 cases were as-
sociated with paroxetine exposure. In
half of these cases, neonatal sign onset
was observed at birth; in the other half,
signs were first observed 12 hours to 5
days after delivery. The variable tim-
ing of sign onset suggested that parox-

etine may be associated with both acute
neonatal toxicity and a later drug with-
drawal. It is noteworthy that parox-
etine commonly causes discontinua-
tion syndrome in adults. Explanations
for the frequent association of neona-
tal signs with paroxetine include that
paroxetine (1) is the SSRI with the
greatest pharmacological affinity for the
serotonin (5-hydroxytryptamine
[5-HT]) transporter; (2) has the most
antimuscarinic activity of the SSRIS
(similar to tricyclic antidepressants,
which give rise to cholinergic over-
drive when withdrawn)24; (3) has the
shortest half-life among the SSRIs; and
(4) lacks active metabolites, which
could provide a buffer against
withdrawal.

Four (22%) of 18 published case re-
ports involved fluoxetine exposure. In
3 of 4 cases, exposure was associated
with postnatal onset of signs within 4
hours of delivery, which suggested that
these neonates experienced drug toxic
effects as opposed to withdrawal. In the
fourth case,22 somnolence was appar-
ent after discharge on day 2, with sig-
nificant worsening by day 3 of life. Cord
blood SRI levels equivalent to those
found in adults25 and the prolonged
half-lives of fluoxetine and norfluox-
etine (the active metabolite) in neo-
nates25-29 suggested that fluoxetine-
exposed neonates experienced SRI
toxicity signs comparable with adult SRI
adverse effects.

Case Series

Databases of adverse drug event re-
ports provide an additional source of
information on the SRI-related neona-
tal behavioral syndrome (TABLE 3).
These databases afford researchers the
unique ability to detect drug events that
are too rare to be recognized in clini-
cal trials as well as events that occur in
populations excluded from clinical
trials, such as neonates. Limitations of
such databases are similar to those of
single case reports and include under-
reporting, reporting that is biased to-
ward greater symptom severity, lim-
ited case information, and inability to
determine incidence rates.
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The FDA Adverse Event Reporting
System (AERS) contained 210 pos-
sible SRI-related neonatal behavioral
syndrome cases as of November 2001.30

Of these reports, 57 cases met the FDA
case definition32 of neonatal with-
drawal syndrome, whereby the case was
reported as “SRI withdrawal” or satis-
fied 4 criteria: maternal SRI use at birth,
signs not attributable to other causes,
onset within hours to days after birth,
and resolution in days to weeks. Thirty-
seven additional cases met nearly all cri-
teria; however, they were excluded be-
cause of immediate onset of signs at
birth, which may be consistent with an
acute neonatal toxicity syndrome rather
than withdrawal. Cases that met the
above definition involved paroxetine

(n=35), sertraline (n=8), citalopram
(n=5), fluoxetine (n=4), venlafaxine
(n=3), and fluvoxamine (n=2). Neo-
natal withdrawal signs were similar to
those reported previously (Table 1 and
Table 2) and are depicted in the
FIGURE.30

In a recent analysis of the adverse
drug event database of the World Health
Organization (WHO) Collaborating
Centre for International Drug Moni-
toring,31 the relationship of SSRI drugs
to a neonatal behavioral syndrome was
assessed with an information compo-
nent (IC) measure. The IC is a statis-
tical indicator that identifies drugs that
areassociatedwithadverseevent reports
more frequently than expected. If the
lower CI around the IC (IC minus 2

standard deviations [IC − 2 SD]) is
greater than zero, a spurious associa-
tion is unlikely and further review is
warranted. The WHO database con-
tained 74 cases of “neonatal with-
drawal syndrome” or “neonatal con-
vulsions” that were associated with the
following SSRIs: paroxetine (n=51),
fluoxetine (n=10), sertraline (n=7), and
citalopram (n=6). The association was
significant for these SSRIs both as a
group (IC, 2.68; IC−2 SD, 2.36) and
individually (paroxetine: IC, 4.07; IC−2
SD, 0.37; fluoxetine: 1.07, IC−2 SD,
0.76; sertraline: IC, 1.20; IC−2 SD, 0.92;
citalopram: IC, 1.92; IC−2 SD, 1.03).
The association between the SNRI ven-
lafaxine (n = 6) and neonatal with-
drawal syndrome was also significant

Table 1. Case Reports of Neonatal Outcomes After Late In Utero SRI Exposure

Source
Maternal

SRI Dose, mg/d

Duration of
SRI Exposure,
Gestational wk

Other Exposures and
Maternal Conditions

Gestational
Age, wk

Birth
Weight, kg

Sign
Onset

Duration
of Sign, d Breastfeeding

Paroxetine
Stiskal et al,12 2001

Case 1 10 C-D Tobacco 38 1.9 Birth �7 . . .

Case 2 60-120 C-D Desipramine 37 2.6 Birth . . . Yes

Case 3 20 C-D Buspirone, gestational
diabetes

38 3.5 Birth . . . . . .

Case 4 20 C-D Trazodone,
diphenhydramine,
gestational
diabetes

38 3.2 � Birth 5 . . .

Nijhuis et al,13 2001 40 C-D 35 2.7 3-4 d 10 No

Dahl et al,14 1997 30 � 22-D Clomipramine 39 4.2 12 h 3 No

Nordeng et al,15 2001
Case 1 40 C-D; stopped

4 d PTD
Term 3.5 5 d 21 Yes

Case 2 10 � 23-D Term 3.3 Birth 10 Yes

Case 3 40 C-D; stopped
4 d PTD

Term 3.5 5 d �28 Yes

Gerola et al,16 1999 10 � 20-D Term 3.1 3 d 2 No

Herbst and Gortner,17

2003
. . . C-D 37 3 12 h 10 . . .

Citalopram
Nordeng et al,15

2001 (case 5)
20-30 � 20-D Term 4.2 Birth �7 Yes

Sertraline
Kent and Laidlaw,18

1995
200 C-D Lithium, thioridazine Term . . . 3 wk 2 Yes

Fluoxetine
Spencer,19 1993 20 � 20-D 38 3.6 4 h 4 . . .

Mhanna et al,20 1997 60 . . . Term 3 Birth 14 No

Mohan and Moore,21

2000
40 C-D 35 3.3 4 h 8 . . .

Hale et al,22 2001 40 C-D Terbutaline 37 2.8 3 d 21 Yes

Venlafaxine
de Moor et al,23 2003 75 C-D 35 3.0 1 d 8 . . .

Abbreviations: C-D, conception through delivery; D, delivery; PTD, prior to delivery; SRI, serotonin reuptake inhibitor. Ellipses indicate data not reported.
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Table 2. Associated Signs in Case Reports of Neonatal Outcomes After Late In Utero SRI Exposure

Source

Tremors,
Jitteriness,
Shivering

Increased
Muscle Tone

Feeding/Digestive
Disturbances

Irritability/
Agitation

Respiratory
Disturbances

Increased
Reflexes

Excessive
Crying

Sleep
Disturbances

Paroxetine
Stiskal et al,12 2001

Case 1 � � �

Case 2 � �

Case 3

Case 4 �

Nijhuis et al,13 2001 � � � �

Dahl et al,14 1997 � � �

Nordeng et al,15 2001

Case 1 � � � �

Case 2 � � � �

Case 3 � � � �

Gerola et al,16 1999 � � � �

Herbst and Gortner,17 2003 � �

Citalopram
Nordeng et al,15 2001 (case 5) � �

Sertraline
Kent and Laidlaw,18 1995 � � � � �

Fluoxetine
Spencer,19 1993 � � � � � � �

Mhanna et al,20 1997 � � �

Mohan and Moore,21 2000 � � � � �

Hale et al,22 2001 � � �

Venlafaxine
de Moor et al,23 2003 � � � �

Totals 11 11 9 9 7 5 4 4
Abbreviation: SRI, serotonin reuptake inhibitor.

Table 3. Late SRI Exposure and Neonatal Outcomes Reported in Case Series

Source
Study

Setting/Design Case Definition SRI Dose, mg/d

Sample With
Additional

Psychotropic
Exposure Outcome

Incidence or
IC/IC − 2 SD

FDA,30 2004 National Adverse
Event Reporting
System

Case reports from
health care
professionals,
consumers,
medical
literature,
postmarketing
clinical studies

Case reported as “SRI
withdrawal” or
satisfied 4 criteria
(n = 57): maternal
SRI use at birth;
not attributable to
other causes;
onset within hours
to days after birth;
and resolution in
days to weeks

Citalopram (n = 5)
Fluoxetine (n = 4)
Fluvoxamine (n = 2)
Paroxetine (n = 35)
Sertraline (n = 8)
Venlafaxine (n = 3)
(Doses unknown)

None Prolonged
hospitalization

37 (65%)

Sanz et al,31

2005
International

adverse event
reporting
system

Case reports

“Neonatal withdrawal
syndrome” or
“neonatal
convulsions”
(n = 74)

Paroxetine (exposed
60 d to 4 mo
before delivery)

Paroxetine (n = 51)
modal dose, 20
(range, 10-50)*

Fluoxetine (n = 10)
Sertraline (n = 7)
Citalopram (n = 6)
(Doses unknown)

Paroxetine group:
2 (3.9%) of 51

“Neonatal
withdrawal
syndrome” or
“neonatal
convulsions”
associated with
SRI medication
more frequently
than expected
(IC �0; IC − 2
SD �0)

Paroxetine:
4.07/0.37

Sertraline:
1.20/0.92

Citalopram:
1.92/1.03

Fluoxetine:
1.07/0.76

Abbreviations: FDA, US Food and Drug Administration; IC, information component, a statistical indicator that identifies drugs that are associated with adverse event reports more fre-
quently than expected according to reports for that drug, reports for that adverse event, and all the reports in the database; SRI, serotonin reuptake inhibitor.

*In 13 cases where reported.
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(IC, 2.88; IC−2 SD, 2.22). Neonatal
signs in these reported cases were simi-
lar to those reported previously
(Table 2) and are depicted in the Figure.

Cohort Studies

We identified 9 cohort studies that met
our inclusion criteria,4,25,33-40 of which
8 were controlled4,25,33-38 (TABLE 4 and
TABLE 5). In the majority of these stud-
ies,25,33-36,38,39 the cohort with “late SRI
exposure” had SRI exposure begin-
ning anytime from the time of concep-
tion forward and lasting through the
date of delivery. Exceptions to this defi-
nition include 1 study4 in which 90%
of the late-exposure cohort had SRI ex-
posure within 2 days of delivery and 1
study37 in which precise SRI exposure
timing was unknown. A commonly
used control group in these stud-
ies4,33,35 consisted of women with “early”
SRI exposure, who had SRI exposure
anytime during the first 2 trimesters
(range, 23-26 weeks) but not during the
final trimester of pregnancy.

Cohort studies currently provide the
highest-quality information regarding
perinatal signs because of the ethics of

conducting randomized SRI treat-
ment trials with pregnant women. Limi-
tations of cohort studies include sur-
veillance bias (infant assessments were
not blind or performed in a standard-
ized manner; parental reports may be
subject to recall bias) and sampling bias
(high rates of nonparticipation in sev-
eral studies could falsely elevate or re-
duce the outcome of interest). Com-
parisons across these studies were
complicated by variability in type of
control group used, retrospective vs
prospective study design, definition of
perinatal signs, and variations in ma-
ternal psychiatric diagnoses and
treatments.

Five of the cohort studies identi-
fied4,25,33,35,36 were particularly informa-
tive because they defined an SRI-
related neonatal behavioral syndrome.
Chambers and colleagues4 measured
rates of “poor neonatal adaptation,”
which they defined as jitteriness, tachy-
pnea, hypoglycemia, hypothermia, poor
tone, respiratory distress, weak or ab-
sent cry, or desaturation during feed-
ing. They prospectively compared rates
of poor neonatal adaptation in third tri-
mester fluoxetine-exposed infants
(n=73) with infants whose mothers dis-
continued fluoxetine before the third
trimester (n=101). The unadjusted rela-
tive risk of poor neonatal adaptation
in neonates with late fluoxetine expo-
sure relative to early fluoxetine ex-
posure was 5.7 (95% CI, 2.5-13.1) The
adjusted relative risk was 8.7 (95% CI,
2.9-26.6), as approximated from the ad-
justed odds ratio obtained by logistic-
regression analysis adjusted for prema-
turity, use of preterm labor medications,
preeclampsia, eclampsia, hyperten-
sion, smoking status, maternal age, so-
cioeconomic status, race, average dose
of fluoxetine, gestational diabetes, mode
of delivery, alcohol use, evidence of ma-
ternal or neonatal infection near the
time of delivery, and therapy with other
psychotherapeutic drugs near deliv-
ery.4 In a retrospective study with simi-
lar study groups,33 the unadjusted rela-
tive risk of poor neonatal adaptation
in neonates with late fluoxetine ex-
posure (n=53) relative to early fluox-

etine exposure (n=11) was 3.3 (95% CI,
0.5-22.5).

Costei et al35 prospectively com-
pared complications in neonates with
early (n=27) and late (n=55) gesta-
tional paroxetine exposure and non-
teratogen (n=27) exposure. No a priori
definition for complications was used,
however those noted by the authors
(respiratory distress, hypoglycemia, bra-
dycardia, sucking problems) have sig-
nificant overlap with “poor neonatal ad-
aptation,” as defined above. The
unadjusted relative risk of poor neo-
natal adaptation in neonates with late
paroxetine exposure relative to those
with early paroxetine exposure or
no SRI exposure was 4.0 (95% CI,
1.2-13.1).

Oberlander et al36 prospectively com-
pared rates of poor neonatal adapta-
tion (same definition as Chambers et
al4) in neonates born to mothers with
late-pregnancy SSRI exposure (group
1: paroxetine [n=17], fluoxetine [n=7],
and sertraline [n=4]), those with SSRI
plus clonazepam exposure (group 2:
paroxetine [n=16], fluoxetine [n=2]),
and medication- and psychiatric illness–
free control mothers (group 3). The un-
adjusted relative risk of poor neonatal
adaptation in neonates from the com-
bined groups 1 and 2 relative to group
3 was 3.5 (95% CI, 0.9-14.1). The syn-
drome began within the first hours af-
ter delivery and resolved within 48
hours. All affected neonates had mild
to moderate respiratory distress (grunt-
ing, upper airway congestion, or tran-
sient tachypnea of the neonate requir-
ing oxygen and continuous positive
airway pressure). There were no group
differences in Bayley mental or devel-
opmental indices at 2 and 8 months
of age.

Laine and colleagues25 prospec-
tively measured rates of “serotonin
overstimulation,” their term for SSRI-
related toxicity. Serotonin overstimu-
lation was measured by modification
of a scale developed for adults, the
Serotonin Syndrome Scale.41 Ratings
for the following 8 signs were re-
corded on a scale from 0 (none) to 3
(severe): myoclonus, restlessness,

Figure. Frequencies of Specific Signs
Reported to the FDA Adverse Events
Reporting System30

Sign

No. of Infants With Specific Sign

Jerkiness
Hyperreflexia

EEG Abnormalities

Hypotonia
Vomiting
Screaming
Trouble Breathing
Crying
Posturing
Tachypnea
Seizures
Agitation
Tremor
Trouble Feeding
Jitteriness
Hypertonia
Irritability

Shivering
Hypothermia
High-Pitched Cry

Respiratory Distress

0 105 15 20

Ordered by frequency of occurrence (n = 57 infants).
EEG indicates electroencephalographic; FDA, US Food
and Drug Administration.
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Table 4. Late SRI Exposure and Neonatal Outcomes Reported in Cohort Studies

Source Study Setting/Design
Gestational Exposure

Groups SRI Dose, mg/d
Sample With Additional
Psychotropic Exposure

Chambers et al,4

1996
Teratogen information

service
Prospective and

retrospective maternal
reports and infant
medical record review

Early: �25 wk (n = 101)
Late: �24 wk (n = 73) (90%

continued to within 2 d of
delivery)

Unexposed (n = 226)

Early: fluoxetine mean dose,
28

Late: fluoxetine mean dose,
25

Combined fluoxetine
groups: 30%

Cohen et al,33 2000 Perinatal/reproductive
psychiatry clinic

Retrospective chart review

Early: first-second trimester
(n = 11)

Late: third trimester to
delivery (n = 53)

Fluoxetine mean dose, 27
(range, 10-60)

Total sample: 25 (39%) of
64

Costei et al,35 2002 Teratogen counseling service
Prospective maternal reports

via telephone interview

Early: 1 wk-6 mo (n = 27)
Late: Throughout third

trimester (n = 55)
Unexposed (n = 27)

Paroxetine (combined
early/late groups) median
dose, 20 (range, 10-60)

None

Goldstein et al,34 1995 Pharmaceutical pregnancy
registry

Prospective and
retrospective review of
parental or physician
reports via telephone
interview

Late: third trimester to
delivery (n = 112)

Historical control from
National Hospital
Discharge Survey
(n = 3 888 000)

Fluoxetine median dose, 20
(range, 10-80)

Unknown

Hendrick et al,39 2003 Perinatal mood disorder
program

Uncontrolled prospective
review of psychiatric,
obstetric, and pediatric
records

Late gestational SRI
exposure: minimum of 5
half-lives of elimination for
each compound before
delivery (n = 38)

Citalopram (n = 4) median
dose, 20 (range, 20-40)

Fluoxetine (n = 15) median
dose, 20 (range, 10-60)

Paroxetine (n = 8) median
dose, 20 (range, 10-40)

Sertraline (n = 11) median
dose, 75 (range, 25-150)

Unknown

Kallen,37 2004 National Birth Registry
Prospective cohort study

with review of antenatal
and pediatric registry
record review

SSRI group (n = 558)*
Comparison group: all

women giving birth
(n = 573 728)

Citalopram (n = 285)
Paroxetine (n = 106)
Fluoxetine (n = 91)
Sertraline (n = 77)
(Doses unknown)

SRI group: 185 (18.7%) of
987†

Laine et al,25 2003 Research program
Prospective pediatrician

evaluation of neonates
using Serotonin
Syndrome Scale41

SSRI group: 7-41 wk prior to
delivery; mean, 38 wk

Citalopram (n = 10)
Fluoxetine (n = 10)
Unexposed (n = 20)

Citalopram median dose, 20
(range, 20-40)

Fluoxetine median dose, 20
(range, 20-40)

SSRI group: 3 (15%) of 20

Oberlander et al,36,40

2004
Research program in

children’s and women’s
health center

Prospective cohort study
with infant medical record
review

Group 1: SSRI alone first
trimester to delivery
(n = 28)

Group 2: SSRI �
clonazepam first
trimester to delivery
(n = 18)

Group 3: Unexposed (n = 23)

Group 1:
Paroxetine (n = 17) mean

dose, 22.2 (range, 10-40)
Fluoxetine (n = 7) mean

dose, 21.3 (range, 10-30)
Sertraline (n = 4) mean dose,

81.3 (range, 50-150)
Group 2:
Paroxetine (n = 16) mean

dose, 21.6 (range, 5-40)
Fluoxetine (n = 2) mean

dose, 15.0 (range, 10-20)

18 (100%) of 18

Zeskind and
Stephens,38 2004

Research program in
neonatal nursery of
medical center

Prospective cohort study
with maternal medical
record review

SSRI group: exposed up to
labor and delivery
(n = 16); exposed until
late third trimester (n = 1)

Unexposed (n = 17)

SSRI group: Citalopram
(n = 5) mean dose, 24
(range, 20-40)

Fluoxetine (n = 1), 30
Paroxetine (n = 3) mean

dose, 17.5 (range,
12.5-20)

Sertraline (n = 5) mean dose,
56 (range, 25-100)

Sequential combinations of
the above (n = 2) and in
combination with
bupropion (n = 1)

None

Abbreviations: SRI, serotonin reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.
*There may be an additional patient in this group based on the specific SSRI exposure data; however, this is the sample size reported by the study author. Original article reported

an estimate that 88.5% of this sample was exposed to an SSRI after week 23 of gestation; however, exact dates of exposure were not reported.
†Total sample of women taking any antidepressant (tricyclic, SRI, or other) who had reported use of other drugs is estimated to be 987 from data in the original article.
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Table 5. Late SRI Exposure and Neonatal Outcomes Reported in Controlled Cohort Studies

Source Outcomes
Incidence,

Relative Risk (95% CI) Comments

Chambers et al,4 1996* Special care nursery admission
Poor neonatal adaptation†
Prematurity
Major congenital anomalies
Minor congenital anomalies
Birth weight �10th percentile

2.7 (1.4-5.0)
3.5 (1.7-7.2)
3.5 (1.1-10.7)
1.4 (0.6-3.4)
2.4 (1.1-5.1)
1.3 (0.4-5.0)

First 3 outcomes were measured for
late vs early exposed groups

Premature infants were excluded in
calculation of relative risk for
special care nursery admission

Congenital anomalies were calculated
for combined fluoxetine groups vs
unexposed group

Last outcome was measured for late
relative to early and unexposed
groups

Cohen et al,33 2000* Poor neonatal adaptation†
Special care nursery admission

3.3 (0.5-22.5)
2.1 (0.3-14.6)

Both outcomes were measured for late
vs early exposed groups

Costei et al,35 2002* Neonatal complications (respiratory
distress, hypoglycemia,
bradycardia, sucking
problems)/prolonged
hospitalization‡

Prematurity
Respiratory difficulties

4.0 (1.2-13.1)

5.4 (1.3-23.2)
4.4 (1.0-19.5)

All outcomes were measured for late
vs early � unexposed groups

Hendrick et al,39 2003 Special care nursery admission 10.5% incidence

Goldstein et al,34 1995 Poor neonatal adaptation†§
Respiratory signs
Hypoglycemia
Sleep problems
Hyperbilirubinemia
Prematurity
Congenital anomalies

13.4% incidence
0.6 (0.1-2.2)
1.4 (0.2-10.3)
1.7 (0.4-6.6)
0.4 (0.1-1.1)
1.9 (0.8-4.4)
1.0 (0.3-3.1)

Late SSRI exposed
All relative risks were measured for late

SSRI-exposed neonates vs
historical controls

Kallen,37 2004* Respiratory distress
Hypoglycemia
Low Apgar score
Convulsions
Preterm delivery
Low birth weight
Jaundice

2.0 (1.4-2.8)
1.4 (1.0-2.1)
2.4 (1.3-4.2)
4.1 (1.5-10.9)
2.1 (1.7-2.7)
2.2 (1.6-3.0)
1.1 (0.7-1.6)

All outcomes were measured for
SSRIs relative to all members of a
birth registry

Laine et al,25 2003* Serotonin Syndrome Scale score on
days 1-4 �¶

Presence of �1 serotonergic sign on
days 1-4

121 vs 30

1.9 (1.1-3.2)

Outcome was measured in
SSRI-exposed vs unexposed
groups

No significant difference between
citalopram and unexposed groups

Oberlander et al,36,40

2004*
Special care nursery admission rate#
Poor neonatal adaptation†
Bayley Scales of Infant Development

2- and 8-mo assessments
Gestational age
Birth weight
Apgar scores
Congenital anomalies

2% (Groups 1 and 2); 0% (Group 3)
3.5 (0.9-14.1)
No differences

No differences
No differences
No differences
No differences

Last 6 outcomes are for combined
groups 1 and 2 vs group 3

Zeskind and Stephens,38

2004 �**
Tremulousness
Motor activity
Behavioral state:

No. of different behavioral states
No. of changes in behavioral states

Active sleep:
No. of bouts active sleep
No. of startles

29% increase; effect size, 0.63; P = .08
43% increase; effect size, 0.50; P = .16

32% decrease; effect size, −0.89; P = .02
57% decrease; effect size, −0.98; P = .01

49% decrease; effect size, −1.77; P�.001
48% increase; effect size, 0.44; P = .26

All outcomes are for SSRI-exposed vs
unexposed groups

Abbreviations: CI, confidence interval; SRI, serotonin reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.
*Crude relative risk was computed with numbers provided in the original article; crude rather than adjusted relative risk was used to improve comparability across studies.
†These investigators4,33,34,36,40 used the same poor neonatal adaptation core definition: jitteriness, respiratory difficulties, and hypoglycemia. Additional signs that were variably in-

cluded in this cluster were hypothermia,4 poor tone,4,33 weak/absent cry,4,36,40 desaturation with feeding,4,36,40 lethargy,33,34,36,40 poor color,33 sleep disturbance,34 and irritability.34

‡Infants with neonatal complications and prolonged hospitalization appear to be the same from the article. This relative risk is a conservative estimate based on information in the
article.

§Because poor neonatal adaptation was not determined in the historical control, the relative risk for poor neonatal adaptation could not be computed. Relative risks were calculated
for the remaining neonatal signs with numbers in the original article used to approximate frequencies.

�Serotonin Syndrome Scale41 score comprised ratings for myoclonus, restlessness, tremor, shivering, hyperreflexia, emesis, involuntary movements, and rigidity.
¶Data necessary to compute relative risk not available.
#Relative risk could not be computed because denominator was 0.
**Numbers used were those from adjusted raw data (adjustment for gestational age, which was significantly lower in SRI relative to unexposed infants; P = .02). Percentage dif-

ference was calculated as [(meanSSRI – meanunexposed)/meanunexposed] � 100. Effect size was calculated as [(meanSSRI − meanunexposed)/SDunexposed]. P values reported are 2-tailed.42
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tremor, shivering, hyperreflexia, eme-
sis, involuntary movements, and rigid-
ity. Laine et al compared rates of sero-
tonin overstimulation in infants born
to healthy mothers without gesta-
tional medication use (n=20), with
serotonin overstimulation in infants
born to mothers with late-pregnancy
fluoxetine use (n=10), and those with
with late-pregnancy citalopram use
(n=10). The serotonin overstimula-
tion scores in late-pregnancy SSRI-
exposed (combined fluoxetine and cita-
lopram groups) and unexposed
newborns during the first 4 days of life
were 121 and 30, respectively (P=.008
by Wilcoxon signed rank test). The un-
adjusted relative risk of having at least
1 serotonergic symptom in the first 4
days after birth in SSRI-exposed neo-
nates relative to unexposed neonates
was 1.9 (95% CI, 1.1-3.2).

Unlike the 5 studies described above,
Zeskind and Stephens38 assessed ges-
tational SSRI effects on distinct ele-
ments of neonatal behavior in a stan-
dardized environment at varying
intervals during 1 hour of monitoring.
Tremulousness, motor activity, and
startles were more common in SSRI-
exposed neonates relative to unex-
posed neonates (effect sizes, 0.44-
0.63), although results were not
statistically significant by 2-tailed hy-
pothesis testing42 because of low power.
The SSRI-exposed neonates also had
significantly fewer changes in and total
number of behavioral states (index of
global nervous system function; behav-
ioral states include quiet sleep, active
or rapid eye movement [REM] sleep,
drowsy, alert, active alert, and crying)
and fewer bouts of active (REM) sleep
relative to unexposed neonates (effect
sizes, −0.89 to −1.77).

A critical methodological limitation
of all of the aforementioned studies was
minimal characterization of maternal
psychiatric symptom status. Uncon-
trolled maternal psychiatric illness con-
stitutes an exposure associated with
neonatal fussiness, irritability, incon-
solability, decreased motor tone, de-
creased activity level, and lethargy.43

This maternal illness variable is not ad-

equately controlled through compari-
son of women with early- vs late-
pregnancy SRI exposure4,33,35 since the
latter group may have continued medi-
cations through delivery because of
greater illness severity or incomplete
symptom remission. Research that dis-
sects neonatal complications from
psychiatric illness, SRI exposure, or an
interaction will improve the sophisti-
cation of decision making for SRI use
during pregnancy.

Data Synthesis

In the 5 cohort studies4,25,33,35,36 that de-
fined an SRI-related neonatal behav-
ioral syndrome, late SRI exposure (rela-
tive to early gestational SRI exposure
or no exposure) carried an overall neo-
natal behavioral syndrome risk ratio of
3.0 (95% CI, 2.0-4.4) (Table 4 and
Table 5). Neonatal behavioral signs
across the cohort studies and the case
series were similar to those reported in
the single case reports (Tables 1-5 and
Figure). The primary SRIs reported in
the studies and the adverse event da-
tabases were paroxetine31,35,37 and fluox-
etine.4,25,33 The robust gestational SRI
exposure–related differences in behav-
ioral state in 1 report38 warrant fur-
ther study.

Neonatal medical management con-
sisted primarily of supportive care in
special care nurseries. Neonates with
late SRI exposure had an overall spe-
cial care nursery admission risk ratio
of 2.6 (95% CI, 1.4-4.7)4,33 and an over-
all respiratory difficulty risk ratio of 2.3
(95% CI, 1.6-3.2)35,37,44 relative to neo-
nates with early or no SRI exposure.
Respiratory difficulties ranged from
mild upper airway congestion and tran-
sient tachypnea to cyanosis with pro-
vision of oxygen by mask, continuous
positive airway pressure, or intuba-
tion. The incidence of intubation was
0.3% (1/313, measured from total term
infants in cohort studies with suffi-
cient case detail).25,33-36,39 There were no
occurrences (0/313, measured from
total term infants in cohort studies with
sufficient case detail)25,33-36,39 of a “se-
vere syndrome” (seizures, dehydra-
tion, excessive weight loss, and hyper-

pyrexia as defined by the American
Academy of Pediatrics)45 in this small
sample. Neonates with late SRI expo-
sure had an unadjusted relative risk of
4.1 (95% CI, 1.5-11.0) for seizure rela-
tive to controls.37 No neonatal deaths
attributable to late-pregnancy antide-
pressant exposure were reported. Pro-
longed hospitalization was rare (ex-
cept in 1 study,35 in which 22% of
neonates required up to 2 weeks of hos-
pitalization). Medical interventions
were limited to respiratory support and
treatment with empirical intravenous
antibiotics for putative infection.

As anticipated, affected neonates re-
ported to adverse event databases re-
quired more interventions than those
described in case reports and clinical
studies because of the bias toward re-
porting more symptomatic cases. In-
terventions in the 57 cases reported to
the FDA AERS included prolonged hos-
pitalization (n = 37; 65%), sedative
medications (n=11; 19%), ventilation/
oxygen (n=5; 9%), tube feeding (n=4;
7%), antibiotics (n=3; 5%), and intra-
venous fluids (n=3; 5%). It is notewor-
thy that the AERS database, which rep-
resents reports of the most prominent
adverse events, included predomi-
nantly mild complications and sup-
portive medical measures in a minor-
ity of neonates. In the WHO database,31

there was 1 case of coma in an infant
born to a mother treated with fluox-
etine, buspirone, and carbamazepine
(Emilio J. Sanz, MD, PhD, written com-
munication, March 31, 2005). This in-
fant’s ultimate outcome is unknown. To
our knowledge, no deaths attributable
to late-pregnancy antidepressant expo-
sure have been reported in neonates.

COMMENT
Possible Mechanisms of the
SRI-Related Neonatal Syndrome

Inferences From Adults. Mechanistic
understanding of the SRI-related neo-
natal syndrome will help guide prac-
tices that may prevent, treat, or mini-
mize the syndrome. However, several
barriers make mechanistic ascertain-
ment challenging. Little is known about
neonatal psychopharmacology. Be-
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cause neonatal behavior is shaped by
a multitude of variables (maternal
health, fetal health, characteristics of la-
bor and delivery, infant temperament,
neonatal medical problems, and ma-
ternal medication or illicit drug use),
large controlled trials are needed to es-
tablish associations between these vari-
ables and the SRI-related neonatal syn-
drome. Neonatal behavior is observed,
which inherently increases the diffi-
culty of assessing internal mecha-
nisms. Nevertheless, it is important to

note the similarity of neonatal signs
after in utero SRI exposure with adult
SRI discontinuation syndrome, cholin-
ergic overdrive, and serotonin syn-
drome (TABLE 6). Furthermore, infer-
ences from adult SRI pharmacology may
provide a framework that serves as a ba-
sis for neonatal research.

Paroxetine and fluoxetine are the SRIs
most commonly reported with the neo-
natal syndrome. This observation may
be related to the pharmacology of these
drugs or to the usage frequencies of preg-

nant women. On the basis of extrapo-
lation from adult SRI pharmacology, ges-
tational exposure to SRIs with short half-
lives, like paroxetine, could lead to a
neonatal withdrawal syndrome that oc-
curs with declining levels. Paroxetine’s
highly potent inhibition of 5-HT reup-
take and affinity for muscarinic recep-
tors could render neonates with in utero
exposure susceptible to both serotonin
withdrawal and cholinergic overdrive.
Alternatively, some neonates might ex-
perience acute paroxetine-induced tox-
icity. Late gestational exposure to SRIs
with long half-lives, like fluoxetine,
could be associated with a neonatal tox-
icity syndrome with immediate onset of
signs at birth. Fluoxetine’s long half-
life and pharmacologically active me-
tabolite norfluoxetine likely contribute
to these signs. Available neonatal
SRI pharmacokinetic data support the
conclusions derived from short vs long-
half-life considerations. Concentra-
tions of fluoxetine and norfluoxetine re-
mained unchanged44 or increased
slightly (a likely result of breast-milk
drug transmission22,47,48) in infants be-
tween delivery and the second day of
life,25,26 while concentrations of other
SSRIs decreased by 30% to 60% by day
2 (paroxetine was metabolized most
rapidly, followed by citalopram and
sertraline).24,35

The timing and intensity of neona-
tal signs are influenced by dose and
treatment duration,32 enzymatic activ-
ity levels of serotonin synthesis and me-
tabolism, and availability of serotonin
precursors. Full-term or preterm sta-
tus, exposure to other drugs or he-
patic enzyme inhibitors or inducers, and
the health of the neonate also affect
complication risks.49 Because the lim-
iting metabolic step of the SRIs is oxi-
dative metabolism by the hepatic cy-
tochrome P450 (CYP450) isoenzymes
2D6, 3A4, and 2C19, maternal and in-
fant CYP genotypes are relevant.

Continuum of Serotonergicity. De-
spite speculations about SRI half-life and
the likelihood of neonatal toxicity vs
withdrawal, these phenomena prob-
ably occur along a continuum. Seroto-
nin reuptake inhibitors with short half-

Table 6. Cholinergic Overdrive, SRI Discontinuation, and SRI Syndromes in Adults Compared
With Neonatal Syndrome After Late In Utero SRI Exposure

Adult Syndromes

SRI-Induced Neonatal
Behavioral Syndrome*

Cholinergic
Overdrive24

SSRI
Discontinuation

Symptoms46
Serotonin

Syndrome41

Sleep/Energy

Insomnia
Drowsiness
Malaise
Low energy
Vivid dreams (rapid

eye movement
rebound)

Insomnia
Fatigue

Insomnia
Restless sleep
Somnolence
Need to be awakened for

feedings

Central Nervous System

Irritability
Anxiety

Irritability
Anxiety
Dizziness
Headache

Dizziness
Disorientation

Irritability

Gastrointestinal

Nausea
Vomiting
Diarrhea
Abdominal pain

Nausea
Emesis
Diarrhea

Diarrhea Emesis
Diarrhea
Poor suck necessitating

tube feeding

Motor

Motor overactivity
Motor withdrawal
Parkinsonism

Gait instability
Tremor

Motoric restlessness
Akathisia
Tremor
Myoclonus
Hyperreflexia

Agitation
Tremors, jitteriness,

shivering
Motor automatisms
Hyperreflexia
Decreased tone
Increased tone, rigidity

Somatic

Muscle aches
Hot and cold flashes
Sweating

Sweating
Hyperthermia

Fever
Hypothermia
Temperature instability
Hypoglycemia

Sensory

Shocklike sensations
Paresthesias
Visual disturbances

Respiratory/Cardiovascular

Increased respiratory rate
Respiratory distress
Nasal congestion
Acrocyanosis

Abbreviations: SRI, serotonin reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.
*Data are from this review.
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lives may be present in sufficient
concentrations at birth to induce toxic-
ity and decrease over time at rates suf-
ficient to induce withdrawal signs. In
adults, moderate increases in postsyn-
aptic serotonin receptor stimulation pro-
duce adverse effects in the gut (nausea,
diarrhea) and central nervous system
(agitation, insomnia, headache). Large
amounts of intrasynaptic serotonin not
only increase postsynaptic serotonin re-
ceptor stimulation but also displace do-
pamine from subcortical dopamine re-
ceptors to produce extrapyramidal signs
and symptoms, such as akathisia, rigid-
ity,50 and serotonin syndrome, which
consists of life-threatening seizures, hy-
perpyrexia, neuromuscular symptoms,
and mental status changes.51 Three dis-
tinct criteria sets have been proposed to
capture the nature and severity of sero-
tonin activation in adults.43,51,52 Seroto-
nin syndrome has not been operation-
alized in neonates. Two of the reported
cases17,19 provided a convincing descrip-
tion of a neonatal serotonin syndrome
similar to that observed in adults that in-
cluded intensive care unit admission for
unexplained temperature instability, ex-
tremes of hypotonicity and hypertonic-
ity, and seizures.

It is conceivable that long-term
blockade of serotonin reuptake with SRI
treatment causes receptor desensitiza-
tion in response to chronic high levels
of intrasynaptic serotonin. Abrupt SRI
discontinuation could lead to rapid de-
creases in intrasynaptic serotonin and
rebound increases in receptor sensitiv-
ity and in serotonin-mediated events in
distal brain targets.32,53,54 The similar-
ity of SRI withdrawal to motion sick-
ness implicates this sequence of events
in the 5-HT1A autoreceptor system.53

Individual variation in neonatal SRI me-
tabolism and pharmacodynamic sen-
sitivity to SRIs may affect the presence
and severity of neonatal signs.

Potential Strategies to Prevent,
Minimize, and Treat SRI-Induced
Neonatal Behavioral Syndrome

In perinatal pharmacology, clinicians
must guide patients in making deci-
sions with limited data. It is important

to include the well-documented health
risks of depression during pregnancy
in the risk-benefit decision-making pro-
cess, and appropriate treatment of the
depression must be a primary consid-
eration.11 Continuation of the drug to
which a patient has responded is an ap-
propriate choice because of the knowl-
edge of efficacy and adverse effects for
the individual patient. In the follow-
ing section, we outline potential ap-
proaches to prevent, minimize, and treat
the SRI-related neonatal behavioral syn-
drome on the basis of extant data and
clinical experience in the treatment of
perinatally depressed women.

Prevention

The incidence of neonatal syndrome in
association with specific SRI agents has
not been established. While case re-
ports, AERS reports, and clinical stud-
ies highlight neonatal complications in
paroxetine- and fluoxetine-exposed neo-
nates, this observation may be due to
greater frequency of gestational use. No-
tably, neonatal respiratory distress af-
ter late gestational paroxetine expo-
sure was described by 2 investigators.35,36

To reduce the risk of the SRI-
related neonatal syndrome, SRI prod-
uct labeling has been changed to re-
flect that tapering the drug in late
pregnancy may be considered.10 Be-
cause the metabolic removal of the drug
from the fetal compartment occurs
gradually as the maternal dose and se-
rum level decline,39,55,56 the SRI could
be tapered and discontinued approxi-
mately 2 weeks prior to the due date
(fluoxetine can be stopped because of
its long half-life) and resumed imme-
diately after delivery.55 A taper in high-
risk individuals could precipitate an
antepartum recurrence that could com-
plicate labor and delivery. Without evi-
dence of preventive efficacy, this plan
should be used only after careful re-
view by the physician and patient of the
risks and benefits to mother, fetus, and
neonate. Another limitation to the taper
strategy is unpredictability of birth tim-
ing, and a late-pregnancy drug taper
leading to a meaningful increase in fe-
tal and neonatal health has not been es-

tablished. A late-pregnancy taper may
also increase the risk of postpartum-
onset depression in susceptible indi-
viduals. Optimal treatment of mater-
nal depression must remain a primary
concern. Additional research is needed
before a definitive recommendation can
be made.

Treatment of Symptomatic Infants

Education of physicians, delivery and
nursery nurses, and parents is para-
mount, both during pregnancy and dur-
ing the postpartum period. Clinicians
who identify signs in infants with late
gestational SRI exposure can counsel
parents and initiate appropriate treat-
ments. Education may include the po-
tential for short-lived (2-4 weeks) neo-
natal signs that may disrupt feeding,
sleeping, motor tone, and consolabil-
ity of the infant. The following inter-
ventions have not been specifically stud-
ied in neonates with SRI-related
behavioral syndrome but often are pro-
vided in the special care nursery45: In-
fants being treated for withdrawal from
other medications are provided a quiet,
low-light environment and frequent
small feedings to address increased calo-
rie requirements and feeding difficul-
ties. Mother-infant skin-to-skin con-
tact is easily implemented and results
in improvement in temperature regu-
lation, breathing regularity, behav-
ioral state, weight gain, and overall in-
fant health.57-59 Similarly, swaddling and
demand feeding have positive effects on
infant regulation and mother-infant
attachment.

Some SRI-exposed neonates have se-
vere signs of toxicity that warrant more
aggressive treatments, such as anticon-
vulsant therapy, fluid replacement, and
respiratory support. Nonanticonvul-
sant pharmacologic interventions for
SRI-related neonatal signs have been de-
scribed in 4 published cases. These in-
terventions must be cautiously consid-
ered prior to any recommendations for
routine management. In 1 case,23 a single
dose of venlafaxine (1 mg) was given to
a 3-day-old neonate with withdrawal
manifested by restlessness, agitation,
choreiform movements of arms, hyper-
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tonia, jitteriness, and delayed gastric
emptying after late in utero exposure to
venlafaxine. A decrease in agitation and
irritability occurred within 2.5 hours and
was followed by relapse with signs of
withdrawal several hours later. Conser-
vative measures were used until signs
dissipated 8 days later. In 3 other cases,15

chlorpromazine (0.5 mg/kg) was ad-
ministered to paroxetine-exposed neo-
nates every 6 to 8 hours, tapering to ev-
ery 12 hours, for 2 days to 3 weeks. The
decision to initiate chlorpromazine was
based on above-threshold scores (�8)
on the Neonatal Abstinence Scale
(NAS)60 (2 infants had an NAS score of
8 and 1 had a score of 18), which cap-
tured signs of irritability, inability to
sleep or feed, motor rigidity, hyperre-
flexia, and inconsolable crying. The ra-
tionale for the medication choice was not
given; however, this medication is
known to have both sedative and anti-
serotonergic effects.61

CONCLUSIONS
The neonatal behavioral syndrome as-
sociated with late in utero SRI expo-
sure is usually mild, self-limited, and
similar to familiar syndromes such as in-
fantile colic. The incidence, severity
spectrum, and preventive and therapeu-
tic interventions for this syndrome must
be established. Research domains in-
clude: (1) validation of a case defini-
tion and instrument for diagnosing this
syndrome; (2) determination of inci-
dence in general and for specific SRIs;
(3) prospective assessment in neonates
whose mothers have well-character-
ized SRI exposures and psychiatric
symptom measurement; (4) examina-
tion of pharmacologic mechanisms that
underlie signs by clarifying the relation-
ship among time course of signs, cord
blood, and neonatal serum SRI concen-
trations; (5) assessment of late-
pregnancy drug tapering through pro-
spective measurement of fetal and
neonatal well-being and maternal men-
tal health; (6) evaluation of the impact
of the syndrome on maternal-infant be-
havioral interactions; (7) tests of the
safety and efficacy of treatments for neo-
natal behavioral syndrome (eg, mother-

infant skin-to-skin contact, pharmaco-
logic interventions); (8) definition of the
relationship of drug delivery through
breast milk and the infant’s behavioral
signs, including whether breast-milk SRI
transmission contributes to or amelio-
rates neonatal signs and whether neo-
natal signs may be diminished by the
skin-to-skin contact that occurs through
the act of breastfeeding; and (9) evalu-
ation of the relationship between neo-
natal signs and long-term neurodevel-
opment.62
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