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Selective serotonin reuptake inhibitors (SSRIs) and benzodi-
azepines are frequently used to treat maternal depression during
pregnancy, however the effect of increased serotonin (5HT) and
�-amino-butyric acid (GABA) agonists in the fetal human brain
remains unknown. 5HT and GABA are active during fetal neu-
rologic growth and play early roles in pain modulation, therefore,
if prolonged prenatal exposure alters neurodevelopment this may
become evident in altered neonatal pain responses. To examine
biologic and behavioral effects of prenatal exposure, neonatal
responses to acute pain (phenylketonuria heel lance) in infants
with prolonged prenatal exposure were examined. Facial action
(Neonatal Facial Coding System) and cardiac autonomic reac-
tivity derived from the relationship between respiratory activity
and short term variations of heart rate (HRV) were compared
between 22 infants with SSRI exposure (SE) [fluoxetine (n � 7),
paroxetine (n � 11), sertraline (n � 4)]; 16 infants exposed to
SSRIs and clonazepam (SE�) [paroxetine (n � 14), fluoxetine (n
� 2)]; and 23 nonexposed infants during baseline, lance, and
recovery periods of a heel lance. Length of maternal SSRI use
did not vary significantly between exposure groups—[mean
(range)] SE:SE� 183 (31–281):141 (54–282) d (p � 0.05).
Infants exposed to SE and SE� displayed significantly less facial
activity to heel lance than control infants. Mean HR increased
with lance, but was significantly lower in SE infants during
recovery. Using measures of HRV and the transfer relationship
between heart rate and respiration, SSRI infants had a greater
return of parasympathetic cardiac modulation in the recovery

period, whereas a sustained sympathetic response continued in
the control group. Prolonged prenatal SSRI exposure appears to
be associated with reduced behavioral pain responses and in-
creased parasympathetic cardiac modulation in recovery follow-
ing an acute neonatal noxious event. Possible 5HT-mediated pain
inhibition, pharmacologic factors and the developmental course
remain to be studied. (Pediatr Res 51: 443–453, 2002)

Abbreviations
5HT, 5 hydroxytryptamine (serotonin)
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LFP, low-frequency power
NE, norepinephrine
NFCS, Neonatal Facial Coding System
NICU, neonatal intensive care unit
PKU, phenylketonuria
RP, respiratory power
RSA, respiratory sinus arrhythmia
SE, SSRI-exposed infants
SE�, SSRI- and BZ-exposed infants
SSRI, selective serotonin reuptake inhibitors

Maternal anxiety and depression are frequently treated dur-
ing pregnancy with psychotropic medications such as SSRIs
and BZs (1). Given that all psychotropic medications diffuse
easily across the placenta, clinicians caring for women with

psychiatric illness during their pregnancies are faced with the
difficult task of making recommendations regarding psycho-
tropic medication use with unknown effects on the growing
fetus. To date, none of these medications have been approved
for use during pregnancy by the Food and Drug Administration
(1), however, the widespread use of SSRIs alone or in combi-
nation with BZs to treat anxiety and depression during preg-
nancy has raised many unanswered questions about the long-
term neurodevelopmental effects following prenatal exposure.
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At pharmacologically active doses, SSRIs inhibit the re-
uptake of 5HT at the presynaptic junction, leading to increased
concentrations of this neurotransmitter in the synaptic cleft.
Throughout the human neuroaxis, GABA acts as an inhibitory
amino acid transmitter that produces membrane hyperpolariza-
tion through a variety of GABA receptors. GABA agonist
medications, such as BZs exert their pharmacologic effects via
binding to specific sites on the GABAa receptor.

Before assuming their roles as neurotransmitters, both 5HT
and GABA appear early in embryogenesis as developmental
signals involved in regulating the morphogenesis of both
GABA and monoamine (i.e. 5HT, NE, and DA) systems (2, 3),
such as cell migration, axonal outgrowth, and synaptogenesis,
coordinating mediators of intercellular communication (4, 5),
and modulation of respiratory rhythm (6) in the developing
fetus, (7–10). The trophic action of GABA, mediated by
GABAa receptors, on developing neurons (see Ref. 10 for
review) appears to involve the regulation of Ca2� homeostasis
and interestingly it acts as a trophic factor for monoamine (i.e.
5HT) neuronal function (7–9). The functional implications of
disrupting these processes are not well understood.

In the growing fetal and infant brain, both 5HT and its
co-neurotransmitter GABA have important inhibitory roles
regulating pain signals (11–13). Monoamines (5HT) play key
roles in the modulation of nociception at all levels of the
central nervous system (CNS) extending from cutaneous sur-
faces, the dorsal horn of the spinal cord to the thalamus, and
higher limbic cortical structures responsible for conscious ap-
preciation of pain. Similarly, the GABAergic system is one of
the earliest neurotransmitter systems to develop. GABA recep-
tor agonists, such as BZs, facilitate the effects of GABA at the
GABAa receptor. High concentrations of GABA and GABA
receptors have been found in regions of the CNS that are
implicated in the afferent transmission of nociceptive informa-
tion or the production of antinociception (spinal cord, medul-
lary and pontine nuclei, and thalamus.) (14).

With increased levels of 5HT after SSRI exposure, cortical
morphology in monoaminergic-rich regions of the brain and
general monoaminergic ontogeny and function may be altered.
In animal models, prenatal exposure to SSRI medication pro-
duces a variety of adverse neuroanatomic and behavioral con-
sequences, though outcomes are not consistent (4, 15) and the
functional consequences are uncertain. Prenatal exposure to
these antidepressants has been shown to result in both reduced
numbers as well as function of monoaminergic receptors (16)
in neonatal in rats (17); findings that persist in the mature
animal (18). Comparable human data are lacking. Fluoxetine is
regarded as safe to use during pregnancy (1) with little or no
risk of congenital malformations (19–22). However, little is
known about the neurobehavioral function in infants following
in utero exposure to SSRIs (23–25). Case reports have de-
scribed infants with pre- and postnatal fluoxetine exposure and
marked acrocyanosis, tachypnea, temperature instability, irri-
tability, and elevated drug levels (26–28). Cohen (29) reported
that among a cohort of 64 infants with late gestation fluoxetine
exposure, there was a higher frequency of poor neonatal ad-
aptation, jitteriness, tachypnea, hypoglycemia, hypothermia,
poor tone, and a weak or absent cry. Similarly, in a prospective

study of 228 pregnant women taking fluoxetine, Chambers (30)
reported that infants with late gestation exposure had higher
rates of premature delivery, admission to special-care nurser-
ies, and poor neonatal adaptation. Birth weight was also lower
and birth length shorter in infants exposed to fluoxetine late in
gestation. Chambers also observed fluoxetine-exposed infants
had a higher risk for three or more minor anomalies, even after
BZ exposure was controlled for, suggesting that the effect of
prenatal exposure might have subtle effects on the developing
brain that only become apparent later in infancy. Beyond these
reports, the duration of these symptoms beyond the immediate
postnatal period and relationship to infant development is
unknown.

Given the dual roles of GABA and 5HT as trophic agents
and as neurotransmitters, it is conceivable that alterations to the
prenatal levels of these neurochemicals and the developmental
ontogeny of these systems may lead to changes in infant pain
behaviors. In this context, pain response in the newborn period
may be a sensitive probe of altered neurodevelopment after
prolonged prenatal exposure. Further, because 5HT and GABA
are active in modulation (i.e. inhibition) of pain signals, we
hypothesized that prolonged prenatal exposure and hence in-
creased levels of inhibitory neurotransmitters at developmental
sensitive periods would blunt a typical neonatal pain response.
In the current study, biobehavioral responses to an acute
noxious event (PKU heel lance) on the second day life were
examined in infants with prolonged prenatal psychotropic med-
ication exposure and compared with nonexposed control term
born infants.

METHODS

Subjects

With approval from the University of British Columbia
Research Ethics Board, Children’s and Women’s Health Cen-
ter of British Columbia Research Review Committee, and
informed parent consent, a consecutive cohort comprised of
mothers and their infants were recruited during pregnancy as a
part of a larger study of psychotropic medication use pre- and
postpartum. Two groups of medication exposed infants were
studied while undergoing heel lance PKU blood collection
(Table 1); 22 with prenatal SSRI exposure (SE) [paroxetine (n
� 11), fluoxetine (n � 7), sertraline (n � 4)]; 16 infants with
SRRI [paroxetine (n � 14), fluoxetine (n � 2)] combined with
the benzodiazepine clonazepam (SE�), and 23 control term
born nonexposed infants (C). A control group of term born
healthy infants and mother dyads were recruited at birth and
studied during the PKU blood collection for comparative pur-
poses. Of the 82 eligible mothers approached during pregnancy
while on medication, 52 were recruited, and the remainder
declined. Fourteen infants in the medication group were not
included for analysis due to technical reasons. Of the 26
control infants studied, 3 were eliminated from the final data
set for technical reasons. All infants underwent the blood
collection without complications. Criteria for inclusion were
birth weight 2500–3200 g and/or �37 wk gestational age at
birth, and absence of congenital heart or CNS lesions. Median
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doses of SSRIs, BZ, and the length of exposure did not differ
between groups.

Procedure

The study was conducted in a specially designated room
adjacent to the newborn nursery in Children’s and Women’s
Health Center of British Columbia while infants underwent the
routine heel lance blood collection screening for metabolic
diseases (PKU). A research nurse recruited all infants. The
infant was seated on his/her mother’s lap during the procedure.
Recording began when the infant was in an awake, alert,
noncry state (31).

Behavioral data acquisition. A camera technician carried
out video-recording during baseline, lance, and recovery peri-
ods. The NFCS (32, 33) was used to provide detailed facial
activity. NFCS-trained coders, blind to the subject group and
all information about the infants, coded the presence or ab-
sence of a discrete set of precisely defined facial actions, using
slow motion and stop frame playback technique. From the
NFCS, seven facial actions were coded (brow bulge, eye
squeeze, nasolabial furrow, open mouth, vertical mouth stretch,
horizontal mouth stretch, taut tongue), as they have been
associated with reactivity to nociceptive procedures in full term
healthy neonates (33), premature neonates (34, 35), and in
infants up to age 18 mo of age (36).

Facial action from the last 20 s of baseline, and first 20 s
from the lance and 20 s from the recovery were coded in
random order. One coder carried out the NFCS coding, after
reaching at least 0.85 interrater reliability during training.
Reliability was calculated according to the conservative for-
mula described elsewhere (32) that assess the proportion of
agreement on actions recorded by two coders relative to the
total number of actions coded as occurring.

Physiologic signal acquisition. Analysis of short-term vari-
ations in heart rate that follows a noxious event were used to
examine the neurologic sequelae following prenatal psycho-
tropic medication exposure. Variability in HR is mediated
primarily by changing levels of parasympathetic and sympa-
thetic outflow from the CNS to the sinoatrial node at the heart.
The HR power spectrum typically contains a peak at the
respiratory frequency representing RSA and peaks at lower
frequencies between 0.01 and 0.15 Hz. Studies using selective
pharmacologic blockade of the cardiac sympathetic and para-
sympathetic receptors have shown that fluctuations in heart rate
above 0.15 Hz are mediated exclusively by changes in para-

sympathetic activity, whereas lower frequency changes are
mediated jointly by changes in parasympathetic and sympa-
thetic efferent activity (37). Thus, with spectral analysis, short-
term HR variability can be used to quantify changing levels of
cardiac autonomic modulation.

Parasympathetic influences affecting HR via the vagus nerve
are easier to identify, therefore these autonomic influences
have been studied more than the diffuse sympathetic influ-
ences. Most of the work investigating autonomic modulation of
HR has focused on variations in HR that occur with respiration
(i.e. 0.15–1.0 Hz, RSA) and has lead to the suggestion that
infant HR variability associated with RSA may be a measure of
individual differences in stress response, and the functional
status of the CNS and autonomic control mechanisms (38, 39).
This vagal tone, however, may not quantify the entire spectrum
of autonomic arousal and this limitation has raised concern
about its broad application as a biopsychologic probe (40).
Moreover, the magnitude of RSA is influenced by both respi-
ratory rate and tidal volume (i.e. RSA increases as respiratory
rate slows and tidal volume increases). Thus, the magnitude of
the RSA may be a measure of cardiac vagal activity only when
respiratory activity remains stable, which is rarely the case in
a clinical setting with infants—particularly during exposure to
noxious stimuli.

To account for the empirical limitations of spectral analysis
of HRV, the mathematical technique, transfer function analysis
(TFA), was used to derive specific measures of parasympa-
thetic and sympathetic modulation of HR from the relationship
between short-term changes in HR (RSA) and respiratory
activity (37, 41, 42). Use of transfer function analysis of HRV
and respiratory activity has been previously used to demon-
strate a maturational increase in sympathetic modulation of
heart rate during quiet sleep in healthy preterm infants (43) and
the autonomic effects of noxious events and anesthesia in term
and former preterm infants (41–44).

Three standard surface chest electrodes were used to pro-
duce continuous ECG, and a two-belt microprocessor-
controlled inductance plethysmograph system was used to
produce a respiratory signal (Respiratrace-Plus, NonInvasive
Monitoring Systems, Miami, FL, U.S.A.). Both signals were
digitally sampled to disk at 360 Hz using a personal computer–
based data acquisition system (HR View Software, Boston
Medical Technologies, Boston, MA, U.S.A.). Calibration of
the respiratory signal was performed using a previously de-
scribed algorithm (45), assuming an infant tidal volume of 7

Table 1. Infant characteristics at birth

Group (no.)

SE* (22) SE�† (16) C (23)

Birth age (wk) 39.5 (37.3–42.0) 39.6 (37.6–41.6) 39.2 (37.0–41.6)
Birth wt (g) 3401 (2703–4270) 3490 (2865–4240) 3485 (2690–4150)
Head circumference 34.3 (32–37) 34.532.5036.00 35.0 (38.5–32)
Length 51.84 (47–64) 51.5 (49–54.5) 51.6 (47–57)
Apgar score 1 min (median) 7.00 (3–9) 8.00 (3–9) 8.00 (1–9)
Apgars score 5 min (median) 9.00 (7–9) 9.00 (6–9) 9.00 (8–9)

* Fluoxetine (n � 7), paroxetine (n � 11), sertraline (n � 4).
† Fluoxetine (n � 2), paroxetine (n � 14) with clonazepam.
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mL/kg. Respiratory volumes were normalized to a standard
body surface area of 1.73 m2 to enable comparisons between
previous adult and infant respiratory data (41, 42). One lead of
surface ECG and respiratory activity were recorded continu-
ously during baseline, lance, and recovery periods.

R waves were detected from the sampled ECG and used to
form a smoothed instantaneous 4 Hz HR time series (46). The
inductance respiratory signal (RP) was digitally low-pass-
filtered and decimated to 4 Hz. Segments of HR and respiratory
activity (2.2 min each) were selected from 1) the resting
baseline period within 5 min before the lance, 2) a lance period
starting within 20 s after the heel prick blood collection, and 3)
a recovery period within 7 min after the lance. The epoch
selection criteria were based on quantitative assessment of
signal stability and the absence of gross movement artifact
according to previously reported procedures (41, 42).

Power spectral estimates of HR were quantified using the
area (power) of the spectrum in a low-frequency region (LF:
0.04–0.15 Hz) and a high-frequency region (HF: 0.15–0.80
Hz), as well as by the ratio of LFP and HFP power (LFP/HFP),
as previously described (37). Similar measures of respiratory
activity were tabulated from the respiratory power spectrum to
yield total respiratory power (RP) (LF-RP and HF-RP).

To further determine the contribution of both sympathetic
and parasympathetic components to HR modulation, the effects
of respiratory activity on heart rate was assessed using transfer
function analysis, as previously reported in infants (41, 42) and
adults (37). Autospectra of the HR and respiratory signals and
the cross spectrum between them were estimated for each
128-s (512 points) segment as previously described (47). The
complex transfer function, or frequency response, between
respiratory activity and HR was quantified using the cross-
spectral method to yield magnitude (gain) and phase compo-
nents. A squared coherence spectrum was also computed to
define the degree of the linear relation between respiratory
activity and HR. The coherence varied between 0 and 1.

Quantitative measures of cardiac parasympathetic and sym-
pathetic cardiac control were derived from the average coher-
ence weighted transfer gains of the 2.2-min segments of data as
previously reported in infants (42, 44). Using this technique,
previous work during pharmacologic treatment of adults with
either atropine while upright, or propranolol while supine,
demonstrated transfer gain and phase plots characteristic of
pure parasympathetic and pure sympathetic modulation of HR
(37), respectively. A pure sympathetic HR response (during
standing with atropine) was characterized by a reduced gain at
frequencies �0.01 Hz and a phase delay. In contrast, under
pure vagal conditions (supine plus propranolol), the heart rate
response was characterized by higher gain at all frequencies
and no phase delay. This technique has been previously used to
study pain reactivity and responses to anesthetics in infants
(41, 42, 44).

Statistical Analysis

A group by time repeated measure ANOVA was used to
compare outcome measures across study periods. Post hoc
comparisons were conducted where appropriate. A difference

was considered statistically significant for p values �0.05. To
determine the significance of differences of change from base-
line for cardiac autonomic measures, analysis of covariance
was used to examine the effect initial or starting measure had
on lance response. To examine differences in facial activity
between the groups across time periods during the lance event,
a one-way ANOVA was used.

Behavioral data. To examine the pattern of facial response
over time, occurrence of each of the seven NFCS facial actions
were summed within each of 10, 2-s time segments, to yield 10
facial scores with a possible range of 0–7, for each event. One
infant’s data were missing for the recovery event, as the face
was out of view. To retain equal cell sizes in the ANOVA, the
infant’s pain score for the event was replaced with the mean
value for that cell, i.e. the mean values observed for infants in
that group during the recovery event.

Physiologic data. The mean and SEM of the HR, respiratory
activity, and power spectra for each data segment were calcu-
lated. For the purposes of display, group average transfer
function estimates of both gain and phase from each experi-
mental epoch were computed as previously described (37).

RESULTS

All subjects were born at the end of term pregnancies,
without major complications at birth or significant differences
in demographic variables between groups (Table 1). None of
the infants were admitted to a special care nursery/NICU for
care in the newborn period. Exposure to medications occurred
in the last two trimesters and the length of maternal SSRI use
did not vary significantly between the SE and SE� exposure
groups (Table 2). With the exception of one, all mothers took
their regular medication in the 3 d before and after birth, and
thus we assumed that all maternal medication levels were at a
steady state at the time of the study. The majority of infants
were breast fed and differences in background characteristics
between breast-feeding and non-breast-feeding infants were
not significant.

NFCS Facial Pain Response

Facial activity increased significantly from baseline to lance
in all groups, and decreased from the lance to recovery [F �
122; df (2,1); p � 0.01]. In Figure 1, 10 blocks of 2-s duration
are presented in 20-s segments of facial action for each study
period. Facial activity did not differ significantly between the
groups during baseline or recovery. During lance, reactivity
was significantly lower among SE- and SE�-exposed infants,
compared with controls, in the first [F � 3.70; df (2,60); p �
0.03] and second [F � 4.44; df (2,60); p � 0.02] time periods
of the lance event. After this initial 4 s of the lance period, the
SE group remained lower throughout, but the difference was
not statistically significant. Facial action responses did not vary
between infant breast-feeding and those not breast-feeding (p
� 0.05).

Physiologic Data

Mean heart rate. Mean HR increased with lance and fell in
recovery in all groups. [F � 84, df (2,1); p � 0.01]. However,
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mean HR was significantly lower among both SE-exposed
infant groups in the recovery period. (p � 0.04) (Fig. 2).
Differences between breast-fed and non-breast-fed infants were
not significant (p � 0.05).

Power spectral estimates. In both SSRI-exposed groups, LF
and HF power decreased significantly [F � 12.7, df (2,1); p �
0.01; and F � 25.9, df (2,1); p � 0.01, respectively] from
baseline, and increased again in the recovery period (Fig. 3).
LFP differences were not significantly different between
groups, however, HFP was significantly higher in the recovery
period among both groups of exposed infants. The ratio LFP/
HFP remained stable in both groups across study periods with
minimal changes (F � 0.29, p � 0.70) and no significant
differences were observed between groups (F � 0.2, p � 0.57)
(Fig. 3). Finally, total respiratory power increased significantly
from baseline with the lance and decreased in the recovery
period in both groups [F � 59.1, df (2,1); p � 0.01] (Fig. 4)
with no group differences.

Transfer function estimates of respiratory sinus arrhyth-
mia. Qualitatively, during baseline transfer gain was high at all
frequencies in exposed and control groups (Fig. 5, A and B).
Because outcomes were not significant between SE and SE�
groups, for clarity only SE versus control transfer function
results are presented in Figure 5. Phase began at 0° at 0 Hz and
decreased slightly with increasing frequencies, illustrating a
predominance of vagal cardiac modulation in the prelance
baseline condition. In response to the lance, transfer gain
decreased across all frequencies and became very low in the
HF range, suggesting increased sympathetic modulation. In
contrast to the control group, transfer phase did not fall from
baseline among SE-exposed infants, suggesting increased sym-
pathetic cardiac modulation was accompanied by a minimal
withdrawal of parasympathetic activity. In the recovery period,
group transfer gain among all infants increased across all
frequencies while phase remained below 0°, consistent with a
return of parasympathetic and sympathetic modulation near

baseline levels. However, among SE infants, LF transfer gain
increased to levels significantly higher (p � 0.02) than con-
trols, reflecting a return to greater levels of parasympathetic
modulation.

In summary, from the transfer function results, both exposed
and nonexposed infants responded to the heal lance with
increased sympathetic and reduced cardiac parasympathetic
modulation. However, SE infants responded with maintenance
of parasympathetic activity (less parasympathetic withdrawal)
with the lance and a markedly increased parasympathetic
modulation during recovery than control infants. This was
particularly evident among the SE alone group. These results
are consistent with the lower mean HR and increased HF
spectral power in the recovery phase.

DISCUSSION

Consistent with our hypothesis, prolonged second and third
trimester prenatal psychotropic medication exposure was asso-
ciated with an attenuated acute pain response in the newborn
period. The duration of facial action and cardiac autonomic
reactivity were shorter and less intense among SE and SE�
infants compared with nonexposed control infants. In particu-
lar, among exposed infants there was a reduced immediate
facial response and maintenance (less withdrawal) of parasym-
pathetic cardiac modulation following the lance. Further, dur-
ing the recovery period, lower mean HR and increased para-
sympathetic cardiac modulation were present. Importantly,
these effects were observed in the absence of the poor perinatal
behaviors reported by Chambers (30) and Cohen (29). Al-
though we observed no differences between medication-
exposure groups, at this point we are unable to determine to
what the extent BZ exposure alone may have influenced pain
reactivity.

The mechanism(s) underlying these behavioral outcomes is
unclear at present, however, at least two possibilities may

Table 2. Medication exposure characteristics [means (range)]

Group (no.)

SE* (22) SE�† (16) C (23)

Length of exposure SSRI‡ (mean days) 183 (31–281) 149 (54–282) 0
Length of exposure CL‡ (mean days) 0 128 (40–208) 0
Breast feeding (no.) 17 13 20
Age at time of PKU (h) 51.5 (27–117) 53.4 (34–129) 50.1 (26–121)
Maternal analgesia (no.)

Epidural 11 11 8
Spinal 4 3 1
Local 1 0 0

Dose of SSRI at time of delivery
(median, mg/d) (range)

Paroxetine 20 (10–30) 20 (5–40) —
Fluoxetine 20 (10–30) 12.5 (10–15) —
Sertaline 62.5 (50–150) — —

Dose of clonazepam at time of delivery
(median, mg/d) (range)

—

Paroxetine � CL 0.5 (.25–1.75)
Fluoxetine � CL 0.43 (.1–.75)

* Fluoxetine (n � 7), paroxetine (n � 11), sertaline (n � 4).
† Fluoxetine (n � 2), paroxetine (n � 14) with clonazepam.
‡ Days before delivery.
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account for our findings. One involves direct pharmacologic
effects of the drugs still present in the infants at the time of the
PKU test. The other is that we observed the effects of altered
brain development due to prolonged in utero exposure to the
medications. The pharmacokinetic data collected in a concur-
rent study from the same cohort indicate the continued pres-
ence of all three drugs in infant plasma at this time (48). In the
case of fluoxetine, the drug concentrations were the same as in
the cord blood of the infants at delivery, whereas for paroxetine
and sertraline, the levels at PKU testing were 60% and 27%,
respectively, of the concentrations in cord blood. These differ-
ences likely reflect differences in the fetal/neonatal ability to
metabolize the compounds. They also resulted in concentra-

tions of fluoxetine (mean � 40.7 ng/mL) that were substan-
tially higher than the levels of paroxetine (3.0 ng/mL) and
sertraline (1.6 ng/mL). However, as the latter two agents are
more potent inhibitors of brain serotonin uptake compared with
fluoxetine (49), the potential pharmacologic effects of the drugs
could have been similar. Although all three drugs are excreted
in breast milk (48, 50–52), exposure of the infant via this route
at the time of PKU testing (i.e. the second postnatal day) would
be likely be limited, inasmuch as effective breast-feeding is not
normally established by this time (53). Although we did not
measure drug levels in colostrum at the time of the PKU
testing, breast milk fat content increases as lactation becomes
established so that lipid-soluble drugs, such as SSRIs would
transfer more readily into mature milk than into colostrum
(54). Moreover, even when effective breast-feeding is estab-
lished, the drug levels in breast milk are insufficient to result in
the plasma concentrations observed in the infants at the time of
PKU testing (48, 50–52). Pharmacologic effects may have also
been secondarily expressed as altered neonatal behaviors (jit-
teriness, tachypnea, hypothermia, poor tone, lethargy) reported
in other cohorts of exposed infants (27–30), which as behav-
ioral states can by themselves also influence pain reactivity
(32). None of these behavioral disturbances were reported
among exposed infants in our cohort in the newborn period or
at the time to the PKU test. Although clonazepam levels have
been detected in serum of infants breast-feeding of mothers
taking this medication during and after pregnancy, adverse
behavioral effects have not been reported with this exposure
(55).

The second mechanism that could explain our findings is
altered brain development due to prolonged in utero exposure
to SSRIs. Because of the dual roles of GABA agonists and
5HT in pain inhibition and as trophic developmental signals, an
increase in their levels in the prenatal period may alter the
receptor numbers and/or function of their receptors or postre-
ceptor mechanisms, thereby altering postnatal behavior. Evi-
dence from both from animal and human studies suggests that
exposure to substances that increase the presence, enhance, or
block the action of neurochemicals during crucial periods of
fetal brain growth may alter brain structure and function, and
subsequent behavior (3, 56). Therefore, examining the influ-
ence of prenatal medication exposure in human infants offers
opportunities to investigate how levels of neurochemicals (i.e.
central 5HT and GABAa), altered by the pharmacologic action
of specific medications influences the neural ontogeny and the
subsequent development of particular behaviors (regulation of
pain response) mediated by those neurotransmitters. Because
pain reactivity is a 5HT- and GABA-mediated process at
multiple levels of the neuraxis, it is conceivable that infant pain
reaction may be an ideally suited probe to examine CNS
development and, in particular, the behavioral teratogenic con-
sequences of prenatal SSRI exposure. In the context of our
study, given the inhibitory role these neurotransmitters play in
the pain system, the observed blunted pain reactivity may
reflect an increased or altered capacity to modulate pain
signals.

In animal models, prenatal exposure to SSRI medication
produces a variety of adverse neuroanatomic and behavioral

Figure 1. Mean facial pain score across each of ten 2-s events (mean facial
pain score � SEM per 2-s period). Square, SSRI; triangle, control infants;
diamond, SSRI�.
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consequences, though outcomes are not consistent (15) and the
long-term functional consequences are not clear. Prenatal ex-
posure to SSRIs in rats results in a reduced number of �-ad-
renergic and serotonin receptors (16), abnormalities in brain
serotonin receptor binding and density in the postnatal period
in rats (17), and decreased numbered of 5HT receptors and
altered function that persists in the mature animal (18). In an

analogous experiment, Huether (4) raised the dietary content of
the serotonin precursor, tryptophan in rats during pregnancy
and lactation. Feeding rats this enriched diet caused a substan-
tial retardation in the maturation of the 5HT system in the brain
of rat offspring. This appears to be associated with structural
abnormalities such as delayed outgrowth of 5HT axons and
reduced collateral sprouting and synapse formation in the brain

Figure 2. Hear rate response to lance from baseline (mean, bpm � SEM). Square, SSRI; triangle, control infants; diamond, SSRI�. *p � 0.05 for repeated
measures ANOVA across time epochs; **p � 0.05 between exposure groups and control infants during recovery.

Figure 3. LFP, HFP, and LFP/HFP ratio response to heel lance from baseline (bpm/L2/Hz � SEM). Square, SSRI; triangle, control infants; diamond, SSRI�.
*p � 0.05 for repeated measures ANOVA across time epochs; **p � 0.05 between exposure groups and control infants during recovery.
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of developing rats. It has also been demonstrated that prenatal
fluoxetine exposure leads to age-dependent (prepubescent) and
CNS site-specific (hypothalamus, limbic system, and amyg-
dala) alterations to the density of 5HT transporters (57) and
reduced 5HT content (58). Studies of behavior in rats with
postnatal serotonin agonist exposure have shown accelerated
eye-opening and increased anxiety (59). Interestingly, these
effects were age-dependent, appearing in early in neonatal life
(15). The functional implications of these findings remain to be
elucidated.

At present, there are no published studies of pain reactivity
in individuals after prenatal SSRI or GABA agonist exposure,
however, analogous work with cocaine-exposed infants might
illustrate parallel effects. Like SSRIs, cocaine inhibits reuptake
of monoamines such as 5HT (56, 60) and as such can be
considered “a pharmacologic analogue” of SSRIs. Prenatal
exposure leads to increased 5HT levels in the synaptic cleft
(56), resulting in up-regulation of postsynaptic receptors, de-
layed maturation of the serotonergic system, interference with
neural migration in areas of the cortex in regions regulated by
the monoaminergic system (61), and supersensitivity to cat-
echolamines [see Mayes for review (62)], all areas that poten-
tially adversely affect pain/stress reactivity. Emerging evidence
suggests that prenatal cocaine exposure leads to an altered
neurotransmitter system, activity, or receptor formation for all
three monoaminergic systems (62). In a single study of acute
pain responses in cocaine-exposed infants, Roumell et al. (63)
reported fewer discrete negative expressions of distress and
anger and more sadness at 18 mo of age. Although this study
did not control for maternal-infant interaction or the effects of
the care-giving environment, and therefore may not reflect the
direct effects of drug exposure per se, it might provide indirect
evidence that altered prenatal 5HT levels are associated with

subsequently altered pain reactivity. Our study of pain re-
sponses in the newborn period was an attempt to examine pain
reactivity (and by extension CNS development) without the
confounding influence of environment and maternal care
taking.

In the current study, both SE and SE� groups had similar
response to the noxious event, and therefore it is not possible
on the basis of this study to determine the specific effects of
GABA agonists have on the developing brain. However, it is
conceivable that both these medications may alter pain system
function. Early exposure to BZs in rats appears to alter nervous
system development by decreasing GABAa receptor function
(9, 64) and density (65), as well as the trophic action of GABA
(65, 66). In prenatally exposed offspring in animal models,
signs of abnormal behavior such as chronic anxiety, the inabil-
ity to habituate to a novel environment, impaired complex
discrimination (66, 67), impaired learning and memory (68),
and delayed suckling function have been observed (69, 70).
Furthermore, prenatal exposure to diazepam and other BZs
appear to alter corticotropin and noradrenergic neuron function
involved with stress response systems (9, 71). Evidence of
adverse neurobehavioral effects after prenatal BZ exposure in
humans is limited and no studies of alerted pain reactivity
following prenatal exposure have been reported. The effects of
prenatal exposure have been limited to a description of a
“floppy infant syndrome” (72, 73) or “withdrawal” symptoms
such as hypotonia, hypothermia, respiratory depression, and
poor suckling in the newborn period (74–77). Given these
animal data and the role GABA may play in the developing
nervous system, it is conceivable human infants’ early pain
behavior may also be adversely affected following prenatal
exogenous GABA agonist exposure. This will have to be
determined in future studies of prenatal GABA agonist expo-
sure and pain reactivity in newborn infants.

Infant pain reactivity is directly and interactively related to
emerging functional neuroanatomy, neurochemicals that regu-
late levels of arousal (behavioral states) and emotion during
fetal development and infancy (78, 79), and therefore factors
that disrupt pain response may be reflective of alterations to
other behaviors resurfacing in some new expression, as cogni-
tive demands change with age. Because monoaminergic-rich
regions of the brain (i.e. striatum, locus ceruleus, and posterior
parietal cortex) are involved with regulation of arousal and
attention, exposure to SSRIs in utero may adversely affect
those developing regions of the brain, similar to the effects
following prenatal cocaine exposure (see Mayes for review
(62)]. Altered prenatal 5HT and GABA levels may also ad-
versely influence the infant’s capacity to regulate arousal and
stress rather than directly influence nociception per se. Atten-
tion and its relation to pain reactivity in SE infants remains to
be studied.

Limitations. The human models needed to explain the ef-
fects of SE are complex and involve multiple neurologic,
developmental, maternal genetic, and pre- and postnatal envi-
ronmental factors. Not all of these factors can be controlled for
in a single study, or mechanisms of action understood with
available analytic models. In this preliminary study, we were
not able to distinguish the effects of SSRIs from maternal stress
and anxiety because we did not study a nonpharmacologically
treated but depressed group of mothers, and therefore we could
not account for the effects of prenatal stress alone on the
developing fetus. Further, we were not able to control for
unforeseen changes in levels of maternal depression/stress (in

Figure 4. Total respiratory power response to heel lance from baseline
(L2/Hz/m2 � SEM). Square, SSRI; triangle, control infants; diamond, SSRI�.
*p � 0.05 for repeated measures ANOVA across time epochs.
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Figure 5. The complex transfer function, or frequency response, between respiratory activity and HR quantified using the cross-spectral method to yield
magnitude (gain) and phase components. (A) Mean transfer function gain and phase in control infants (mean � SEM). Axis for magnitude is bpm/L/m2 (� SEM).
(B) Mean transfer function gain and phase in SE infants (mean � SEM). Axis for magnitude is bpm/L/m2 (� SEM).
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both directions) or medication use (i.e. benzodiazepines,
switches to other medications, etc.) during the course of the
study. The developmental significance of a reduced or blunted
pain response remains unclear. Mechanisms that account for
how SE could influence pain, and arousal and emotional
development in infants need to be examined in long-term
studies. This will need to include investigation of a complex
model of the interaction between multiple maternal, pharma-
cologic environmental, and biologic variables.

In summary, this study is the first to show that antenatal
exposure to SSRIs is associated with diminished facial and
heart rate responses to the painful heel lance procedure at the
time of PKU testing 2 d after birth. These altered responses
could have resulted from the continued presence of the drugs
that the infants received via placental transfer before birth, or
from altered brain development due to prolonged in utero
exposure to the SSRIs. They may also reflect the poor neonatal
adaptation that has been reported in infants exposed to the
drugs in the third trimester. The coadministration of BZs in
41% of the depressed women may have contributed to the
altered responses. Further studies involving larger numbers of
pregnant women taking SSRIs with and without BZs and
whose infants are studied beyond the postnatal period are
required to extend our findings. Our findings should not prej-
udice the clinical urgency of treating maternal depression
during and after pregnancy, inasmuch as the risks of untreated
or undertreated maternal depression to mothers and their off-
spring during and after pregnancy currently outweigh any
known adverse effects of the SSRIs. Substantial work is needed
to further our understanding of the effects of prenatal psycho-
tropic medication exposure on infant development.
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