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ABSTRACT: Prenatal selective serotonin reuptake inhibitor (SSRI)
exposure increases the risk for adverse neonatal behavioral out-
comes; although it is unknown whether altered brain function is
present before birth. We investigated fetal vascular and heart rate
changes at 36-wk gestation in SSRI-treated women with mood
disorders (n = 29) [exposed (EXP)] and controls (n = 45) [non-EXP
(NEXP)]. Fetal middle cerebral artery (MCA) flow parameters and
heart rate characteristics were obtained during pre-SSRI dose morn-
ing and postdose afternoon sessions. Maternal mood and cord Hb and
hematocrit were measured. Basal fetal heart rate (fHR) did not differ
between groups or across the day. The fHR short- and long-term
variations, accelerations, and duration of high variability episodes re-
mained lower and did not change across the day in EXP, whereas all
increased significantly in NEXP. In both groups, MCA flow velocity and
volume flow increased significantly across the day. EXP MCA pulsa-
tility index was significantly lower, as was MCA cross-sectional area.
EXP cord Hb and hematocrit were significantly increased. Prenatal SSRI
exposure reduced fetal MCA flow resistance and fHR variability, before
and after an SSRI dose, controlling for maternal mood. These changes
and the SSRI-related increased red cell indices suggest possible fetal
hypoxia. (Pediatr Res 70: 96-101, 2011)

ncreasing use of selective serotonin reuptake inhibitor

(SSRI) antidepressants to manage maternal mood distur-
bance during pregnancy has raised concerns about the long-
term effects of increased central serotonergic tone during fetal
development (1-3). Widespread observations of neonatal neu-
robehavioral disturbances (4,5), altered infant stress regulation
(6,7), and increased risk for neonatal persistent pulmonary
hypertension (8) have been reported. Although persistent pul-
monary hypertension in neonates has been supported by find-
ings of increased pulmonary arterial wall thickness, associated
with lower oxygen saturation and a higher mortality in fluox-
etine-exposed (EXP) newborn rats (9), a subsequent human
report did not replicate the earlier human reports (10). Such
adverse consequences may reflect the effects of SSRI-related
increased levels of the neurotransmitter serotonin during fetal
development (3,11). SSRIs primarily act by blocking the

Received October 4, 2010; accepted January 23, 2011.

Correspondence: Dan Rurak, Ph.D., Child and Family Research Institute, Room 208C,
950 West 28th Avenue, Vancouver BC, Canada V5Z4H4; e-mail: drurak@cw.bc.ca

Supported by the Canadian Institutes of Health Research [T.F.O., CIHR #MOP
57837]; HELP (Human Early Learning Partnership), Senior Career Award and is the R.
Howard Webster Professorship in Child Development (UBC, College of Interdisciplinary
Studies) [T.F.O.]; and Investigatorship Award from the Child & Family Research
Institute [D.R.].

96

serotonin transporter thereby increasing extracellular sero-
tonin levels, and because SSRIs readily cross the placenta and
the blood-brain barrier, it is conceivable that they alter early
brain development via increased central serotonin levels (12).
It remains unclear, however, what mechanisms underlie these
disturbances and whether the effects of prenatal SSRI expo-
sure are apparent before birth, long before ongoing antenatal
medication exposure ends.

To date, very little is known about SSRI effects on the
human fetal physiologic functions (13). In a single report, fetal
middle cerebral artery (MCA) Doppler blood flow velocities
increased by 18.5% over an expected clinical level in two
fetuses of depressed SSRI-treated pregnant women (14). In
pregnant sheep, an 8-d i.v. fluoxetine infusion resulted in
initial transient reductions in uterine blood flow and fetal
oxygenation, prolonged reduction in fetal rapid eye movement
(REM) sleep, and augmented prepartum cortisol increase (15—
17). Altered fetal REM sleep could affect cerebral blood flow
and metabolism via changes between quiet and REM sleep
which may in turn have long-term effects on brain growth and
maturation (18). It remains unknown whether these fetal
effects reflect an acute but transient pharmacological phenom-
enon or represent sustained alterations in brain development
or function (19).

In this study, we examined fetal heart rate (fHR) variability
and Doppler blood flow velocity variables in the MCA, um-
bilical artery, and uterine arteries at 36-wk gestation in de-
pressed women taking SSRI medications and in non-SSRI-
treated women. To distinguish acute pharmacological effects
from long-term sustained outcomes, we examined fetal blood
flow and fHR variability measures before a typical morning
SSRI dose (trough) and during an afternoon postdose (peak)
session. Given, previous reports of neonatal cardiorespiratory
and neurobehavioral disturbances in our sheep model after
prenatal SSRI exposure (15-17), we expected blunted fetal
brain blood flow indices and heart rate variability during late
gestation would be present during both trough (predose) and

Abbreviations: ANCOVA, analysis of covariance; EXP, exposed; NEXP,
nonexposed; fHR, fetal heart rate; HAM-A, Hamilton Rating Scale for
Anxiety; HAM-D, Hamilton Rating Scale for Depression; MCA, middle
cerebral artery; PI, pulsatility index; REM, rapid eye movement; SSRI,
selective serotonin reuptake inhibitor
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peak (1-2 h postdose) drug conditions, reflecting sustained
fetal effects rather than an acute pharmacological effect.

METHODS

This longitudinal observational study was approved by the UBC Research
Ethics Board and the BC Women’s Hospital Research Review Committee.
Informed consent was obtained from EXP and NEXP mothers recruited
during their second trimester from a Reproductive Mental Health Clinic,
community midwife, and family physician clinics in metropolitan Vancouver.
All SSRI-treated mothers were started on medication based on clinical need,
had a diagnosis of a mood disorder, and were already on antidepressant
medications at the time of conception (Table 1).

Inclusion criteria for both groups included singleton pregnancy, confirmed
GA, no known fetal anomalies, ability to give informed consent, and lack of
substance abuse. Exclusion criteria for both groups included bipolar disorder,
exposure to over the counter medications other than vitamins, and significant
maternal medical, obstetrical, or fetal conditions. Mothers in the EXP group
who were taking other CNS prescription drugs at the time of study were
included (Table 1). However, no mothers in this group were taking more than
one SSRI.

Maternal mood. Maternal mood was assessed at the time of enrolment
(late second trimester) and the fetal study (mid third trimester) using clinician
rated measures [Hamilton Rating Scale for Depression (HAM-D) and Anxiety
(HAM-A) (20).

Experimental protocol. On the study morning (35-36 wk), subjects in the
SSRI-treated group were asked to withhold their morning dose of SSRI. Both
groups were to eat and drink normally before arrival and they were all placed
in a semirecumbent, left lateral decubitus position throughout the ultrasound
examination except when the left uterine artery was assessed (right lateral
decubitus). Fetal and placental position and adequacy of amniotic fluid
(amniotic fluid index between 5 and 95 percentile) and fetal movements were
documented by ultrasound before study onset. The study protocol involved
two 2-h sessions, a morning session (~0815 h) and an afternoon session
(~1230 h). In-between the morning and afternoon sessions, a standard rest
break occurred (120 min) during which a standard lunch was provided while
mothers were encouraged to get up and move around during the break.

The Doppler vascular study protocol was performed by K.L. who was
blinded to medication status and focused on the four arterial vessels. The
pulsatility index (PI), mean Doppler flow velocity, vessel diameter/cross-
sectional area, and volume flow were determined in the MCA and right and
left uterine arteries and the PI alone in the umbilical artery. The scans were
done using an Aloka ProSound 5500 with a curvilinear 4—7 MHz: probe using
B mode, color flow, and pulse wave Doppler where appropriate. All mea-
surements other than vessel diameter were performed five times and the mean
value used for the analysis. The vessel diameter was measured to the nearest
0.1 mm from the inner dimensions (i.e. inner surface to inner surface) at three
different locations several millimeters apart, astride where Doppler sampling
was performed. This was repeated three times and the mean of the nine
measures taken. The protocol took on average ~40 min. Volume flow in the
fetal MCA and uterine arteries was calculated as the product of mean Doppler
flow velocity times vessel cross-sectional area (calculated from the measure-
ment of vessel diameter) (21).

The fHR variability study then followed the ultrasound protocol and
consisted of computerized cardiotocography (Oxford Sonicaid 8002; Oxford
Instruments, UK) performed for the next 50 min. Data collected from the
Sonicaid system included baseline fHR, accelerations, decelerations, short-
and long-term variation, and minutes of high episodes (22).

Table 1. Specific SSRIs (n), prenatal dose (range), and length of
prenatal exposure (mean = SD)

SSRI antidepressants Dose Days of prenatal
(n = 29) (mean mg) exposure
Fluoxetine (4)*f 37.5 £26.3 (10-60) 216 = 96
Paroxetine (3) 23.3 = 5.8 (20-30) 268 = 17
Sertraline (4) 125 =90 (25-200) 188 = 98
Venlafaxine (13)* 158 = 56 (56-263) 272 + 12
Citalopram (5)+# 38 = 18 (10-60) 273 £ 18

* One mother was also treated with bupropion.
T One mother was also treated with quetiapine.
+ One mother was also treated with trazodone.

Neonatal data. Neonatal measures (GA, birth weight, head circumference,
and so on) were obtained from the birth examination records. Cord blood Hb
and hematocrit were measured at BCWH.

Data analysis. Comparisons of maternal group characteristics were under-
taken using univariate analyses of variance. Categorical variables were com-
pared using x*. Repeated measures analyses of covariance (ANCOVA) were
used to examine time (morning versus afternoon) X group |[SSRI EXP versus
non-EXP (NEXP)] differences in physiological parameters, using measures of
prenatal (third trimester) maternal mood as the key covariate in all analyses.
Measures of maternal anxious and depressed mood were used in separate
models; however, as depressed and anxious symptoms were highly correlated,
only outcomes using HAM-D scores as a covariate are reported. We calcu-
lated effect sizes (eta squared, 1) to examine the strength of these associa-
tions, as the statistical significance of the findings would be affected by sample
size and potentially by multiple comparisons. Univariate analysis of variance
was used to determine differences in maternal and fetal group characteristics.
A p value of <0.05 was considered significant. Values are given and the
mean *= SE. All statistical analyses were carried out using SPSS (18.0;
http://www.spss.com/).

RESULTS

Maternal and fetal/neonatal characteristics. With the ex-
ception of maternal mood and weight, maternal characteristics
did not differ significantly between exposure groups (p >
0.05; Table 2). At both the 27- to 28-wk and 36-wk visits,
maternal depressed and anxious mood symptoms were signif-
icantly higher among the SSRI-treated group. Daily doses of
each commonly prescribed SSRI (fluoxetine, paroxetine, ser-
traline, venlafaxine, and citalopram) were in a typical thera-
peutic range and the mean duration of therapy spanned most
or all of pregnancy (Table 1). The use of alcohol and tobacco
was low and did not differ significantly between groups.

Neonatal outcomes were similar between groups, with the
exception of lower Apgar scores at 1 min among EXP neo-
nates (Table 3). GA was lower and the percentage delivering
at less the 37-wk gestation was significantly higher (13.8
versus 2.1%) in the EXP group. Four EXP and one NEXP
infant that delivered <37 wk were born between 4 and 10 d
(mean 4.8 = 1.5 d) after the 36-wk fetal blood flow study.
Head circumference was significantly smaller in EXP (34.2 =
0.3 versus 35.1 = 0.2 cm (p = 0.002); however, the signifi-
cance disappeared when GA was added to the regression
model. For a variety of technical reasons (i.e. infants were
outborn and lack of routine cord blood gas analysis), we were
able to obtain cord blood for studies of red cell indices in only

Table 2. Maternal characteristics in the nonexposed and exposed
groups (means = SE)

Nonexposed Exposed
(n = 45) (n = 29)
Maternal age (y) 343 *£49. 335 6.2
Maternal weight at 36 wk (kg) 76.1 £10.5 84.1 = 12.6*
Gravidity 2.1 0.1 22=*09
Parity 04 *=0.6 04 *+0.6
Alcohol drinks up to 36-wk study (n) 478 = 8.0 6.94.7 £ 12.5
Education (y) 1797 =345 1732 39

Smoking (n) 1 1

GA on fetal study day (wk) 36.1 =0.16  36.36 =0.17
Prenatal mood symptoms
HAM-A score (27 wk) 79 +59 12.8 £ 6.6*
HAM-D score (27 wk) 72 *6.2 11.3 = 6.7*
HAM-A (36 wk) 9.1 263 11.6 = 4.54*
HAM-D (36 wk) 7.65 =597  10.56 = 4.5%

* p < 0.05, for differences between groups.
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Table 3. Birth outcome data in the exposed and nonexposed
groups (mean *= SD) and by < or =37 wk GA at birth

Exposed (n = 29)

Nonexposed (n = 45)

Birth weight (g) 3534 (431) 3326 (394)
Birth length (cm) 51.8(2.4) 50.7 (2.1)
Head circumference (cm) 35.1(1.4) 34.1 (1.3)*
Gender of baby (M;F) 24:24 10:13
Apgar score at 1 min 8.63 (1.0) 7.0 (1.7)*
Apgar score at 5 min 9.0 (.3) 8.9 (.5)
Gestation age at birth (wk) 40.1 (1.0) 39.6 (1.1)*

* p < 0.05 for differences between exposed and nonexposed groups.

a subgroup of infants. In EXP (n = 10), Hb and hematocrit
were significantly higher compared with NEXP (n = 11)
(182 = 7.9 versus 159 = 3.8 mg/dL and 0.528 = 0.06 versus
0.477 = 0.03, respectively), controlling for gestation age,
delivery type, and maternal mood at 36-wk gestation (F =
6.150; p = 0.031; m* = 0.359 and F = 7.212; p = 0.021;
1 = 0.396, respectively). Characteristics of neonates (gesta-
tional age, birth weight, and head circumference) with cord
blood measurements did not differ significantly from those
neonates lacking such estimates (p > 0.05).

Umbilical and uterine artery flow characteristics. Overall,
there was an exposure by time interaction for patterns of
umbilical artery blood flow across the day (F = 4.32, p =
0.041, n2 = 0.058; Table 4). In the NEXP group, umbilical
artery PI decreased significantly from morning to afternoon
(F=3.89,p =0.055, n2 = 0.085), whereas in the EXP group,
it did not change significantly over the day but was lower than
in the NEXP group in the morning (Table 4). No differences
in any of the uterine artery flow characteristics examined were
noted (p < 0.05).

Fetal movements, heart rate, and heart rate variability.
Maternally perceived fetal movement counts did not differ
between the NEXP and EXP groups, nor across the day (F =
0.315; p = 0.57, n2 = 0.004; Fig. 1). Basal heart rate at the
onset of each study session was similar between groups and no
significant differences emerged between morning and after-
noon (p > 0.05); however, differences in fHR variability
indices emerged between groups and across the day. A sig-
nificant time by exposure group interaction regarding short-
term variations emerged across the day (F = 6.91, p = 0.010,
1> = 0.086). Namely, little or no change was observed across
the day among EXP (F = 0.234, p = 0.632, n2 = 0.009; Fig.

1507 14
A - B i
S140f g 12
= L =1 .
% 130 > 10 !r<2
o0 w g
120" 8
C § 2 . D
B 18
b E Tﬂ‘
ﬁ 16} &,/'é E 60 -
g 14| T'/T = %é_i/i
< >
E 1f k3
—
= 100 40
Ez . F 70
E =
8 35 F)
g « oo
2 30f E
by 25 %50
=
.!n 20‘ E
I AM PM 40 AM PM

Figure 1. Basal fetal heart rate (A), short-term variability (B), fetal heart rate
accelerations (C), long-term variation (D), duration of high variability (E),
and fetal movements/h (F) in the nonexposed ([]) and exposed (H) groups in
the morning (AM) and afternoon (PM) monitoring sessions. *ANCOVA (F =
6.91; p = 0.010; n2 = 0.086) for differences between EXP and NEXP groups;
**a group by time interaction significantly different from the corresponding
AM value.

1), whereas among NEXP, short-term variation increased
significantly from morning to afternoon (F = 9.763, p =
0.003, n2 = 0.179). The number of fHR accelerations in the
EXP group were lower compared with NEXP fetuses (F =
6.57,p = 0.012, n2 = (0.083). Accelerations in EXP remained
unchanged from morning to afternoon (F' = 0.006, p = 0.937,
n2 = 0.000), whereas they increased in the NEXP (F' = 3.067,
p = 0.087, n2 = 0.064; Fig. 2). Similarly, long-term variation
in EXP fetuses remained unchanged across the day (F =
0.215; p = 0.647; n2 = 0.008) and among NEXP fetuses
increased from morning to afternoon (F = 10.0; p = 0.003;
1* = 0.183; Fig. 2). The same pattern appeared for duration
of high-HR variability episodes, which remained essen-
tially unchanged in EXP (F = 1.96; p = 0.173; n2 = 0.068)
and increased significantly across the day NEXP (F' = 5.18;
p = 0.028; n2 = 0.103; Fig. 2). Number of decelerations
did not differ between groups or over the day (p > 0.05,
data not shown).

Table 4. Umbilical artery pulsatility index (PI) and mean uterine artery (UtA) PI, mean flow velocity (MVC), vessel cross-sectional area,
and total uterine artery blood flow in the nonexposed and exposed groups

Nonexposed (n = 45)

Exposed (n = 28)

Variable AM PM AM PM
Umbilical artery PI 0.957 = 0.022 0.883 = 0.021* 0.871 = 0.027% 0.872 = 0.029
UtA PI 0.672 = 0.023% 0.691 = 0.022 0.671 = 0.034§ 0.684 = 0.030
UtA MVC (cm/s) 107.0 = 4.8 101.9 =39 1042 +53 104.9 = 6.1
UtA area (cm?) 0.172 = 0.008 0.171 = 0.009 0.166 = 0.010 0.166 = 0.008
UtA flow (mL/min) 2159.4 = 102.7 2123.8 = 144.2 1934.7 = 165.3 2124.1 = 176.3

AM, morning; PM, afternoon.
* ANCOVA, p < 0.05, for change from the corresponding morning value.
T ANCOVA, p < 0.05, for differences between groups.

¥ n = 21, only used subjects where we had complete data from morning and afternoon study sessions.

§ n = 32 for UtA variables.
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Figure 2. Middle cerebral artery pulsatility index (A), mean blood flow velocity
(B), volume flow (C), and vessel cross-sectional area (D) in the NEXP ((J) and
EXP (M) groups in the morning (AM) and afternoon (PM) monitoring sessions.
MCA cross-sectional area is represented as a mean, as it was not expected to
change with time across the day. *ANCOVA (F = 4.53; p = 0.037; n* = 0.061)
for differences between EXP and NEXP groups; **a group by time interaction
significantly different from the corresponding AM value.

MCA flow. In EXP fetuses, MCA PI was significantly lower
during the morning session and remained lower across the day
(F =4.53; p=0.037; n2 = 0.061; Fig. 2). Changes across the
day were not significant in either group (p > 0.05). In both
groups, MCA mean flow velocity (F = 5.43; p = 0.024, n2 =
0.093) and MCA volume flow when expressed as a percentage
change increased across the day (p < 0.05), by 47.0 = 13.7%
and 34.0 = 15.6% in the NEXP and EXP groups, respectively.
This is consistent with the increase in mean flow velocity
(volume flow = mean flow velocity X cross-sectional area).
MCA vessel cross-sectional area (calculated from the vessel
diameter) was significantly lower in the EXP compared with
the NEXP group, with the difference averaging 17.4% (p =
0.029). MCA vessel diameter was significantly related to birth
weight (p = 0.036) but not to gestation length or head
circumference. However, the association was weak, account-
ing for only 8% of the variance in vessel diameter and could
not account for the difference between NEXP and EXP.
Importantly, all of these outcomes were observed when con-
trolling for maternal depressed (HAM-D) or anxious
(HAM-A) mood symptoms at 36 wk.

DISCUSSION

In this study, typical antenatal clinical assessment tools
demonstrated that prenatal SSRI exposure was associated with
a blunted fHR characteristics and MCA flow impedance both
before and after a typical daily dose of the antidepressant, at
36-wk gestation. First, among the EXP fetuses, there were not
the increases in fHR variability from morning to afternoon
that occurred in the NEXP group. This included measures of
short- and long-term variation, heart rate accelerations, and the
duration of high variability episodes. Heart rate accelerations in
the EXP group were lower over the day compared with the
NEXP group. Second, among EXP, MCA PI was lower and
remained so across the day. MCA cross-sectional area was also
lower compared with NEXP fetuses. In both groups, mean MCA
flow velocity and percentage volume flow increased across the

day. Third, in the EXP group, there was reduced GA at birth, a
higher Hb and hematocrit, and increased incidence of preterm
birth, as reported previously (23,24).

Increased fHR variability across the study day in the NEXP
fetuses may reflect a typical diurnal variation in fHR, previ-
ously reported in the near-term human fetus (25). The mech-
anisms involved in this circadian rhythm have not been elu-
cidated in the human, but in pregnant sheep, fetal circadian
rhythms in activity, behavior, and cardiovascular function are
linked to a fetal plasma melatonin rhythm, which is derived at
least in part from the maternal melatonin rhythm via placental
transfer (26,27). Why the fHR variables in the EXP group did
not show the AM to PM changes remains unclear. Serotonin
plays a major role in the entrainment of circadian rhythms
(28); however, previously an 8-d i.v. infusion of fluoxetine to
pregnant sheep in late gestation did not alter maternal or fetal
circadian rhythms (29). It is possible that the much longer
duration of SSRI exposure in the human fetuses in the current
study could have affected circadian rhythms; assessment of the
development of circadian rhythms in newborns EXP in utero
to SSRIs may help to clarify this issue. Alternatively, the
SSRIs could have interrupted the links between the fetal
circadian rhythm generator and the brain stem nuclei that
control heart rate.

The number of fHR accelerations were significantly less in
the EXP group compared with the NEXP group in both
morning and afternoon study sessions, and there were also
trends for reduced long-term variation and duration of high
variability episodes in the EXP group. These variables are
reduced with fetal growth restriction and this has been attrib-
uted to delayed maturation of the CNS (30). Although we did
not find a significantly lower birth weight in the EXP group,
reduced birth weight and increased frequency of growth re-
striction in SSRI EXP fetuses have been reported (23,24).
With increasing growth restriction, fetal biophysical variables
including movement and tone are impaired (30). Fetal move-
ments did not differ between groups, however these estimates
were based on maternal perceptions of fetal movement, which
may underestimate fetal movements (31).

In both groups, decreased MCA PI, increased MCA mean
velocity and percentage increase in MCA volume flow were
observed, suggestive of increase in MCA perfusion across the
day. These changes may reflect circadian rhythms in fetal
brain perfusion, similar to a fetal lamb circadian rhythm in
carotid arterial blood flow (32). Although changes from
morning to afternoon MCA Doppler indices represent circa-
dian rhythms, this suggests that SSRIs do not affect fetal
circadian rhythms, but rather affect links between the circa-
dian rhythm generator and entrained physiologic variables,
such as fHR variability.

Decreased fetal cerebral arterial vessel resistance indices
occur with fetal growth restriction and the accompanying
hypoxia in humans and animals (30). Given that MCA PI was
significantly lower in the EXP group, this could represent a
redistribution of cardiac output to maintain the delivery of
oxygen and nutrient molecules to vital organs such as the
heart, brain, and adrenal gland by increasing blood flow (33,
34). In EXP fetuses, decreased MCA PI was not accompanied
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by increased volume flow, and this may have been secondary
to a smaller cross-sectional MCA area. Because growth of the
vascular system seems to be linked to the metabolism of the
tissues perfused (35), our findings may suggest either a re-
duced metabolic rate and/or reduced volume of the brain
tissue perfused by the MCA in the EXP group.

Reduced number of fHR accelerations and lower MCA PI
may also reflect fetal hypoxemia, as do increased cord blood
Hb and hematocrit in EXP fetuses. Intrauterine hypoxia is a
stimulus for increased fetal erythropoietin and circulating
nucleated red cells, subsequently leading to long-term in-
creased Hb and hematocrit (36). If prenatal SSRI exposure is
indeed associated with fetal hypoxemia, then it is of a long-
term nature. In an animal model, i.v. fluoxetine administration
to pregnant ewes resulted in transient fetal hypoxemia and
reduced uterine blood flow (15), reflecting a transient increase
in blood serotonin (37) and serotonin’s action as a potent
uterine vasoconstrictor (38).

Overall, our findings raise the possibility that SSRIs ad-
versely affect the fetus via at least two mechanisms. First,
there could be a direct central effect of altered serotonergic
tone that influences brain development and maturation, lead-
ing to changes in brain blood flow, lowered metabolic rate or
tissue volume in the brain region perfused by the MCA, and
altered prenatal cardiac autonomic control. During brain de-
velopment, serotonin acts as a regulatory factor influencing
cell proliferation, migration, and differentiation. Thus, SSRI-
elicited alterations in brain serotonin levels could affect these
processes; hence, prenatal SSRI exposure in rats alters cell
proliferation and survival in multiple areas of the fetal brain
(39). Second, there could be systemic effects of transient
increases in blood serotonin associated with each daily SSRI
dose, resulting in repetitive bouts of reduced uterine blood
flow and fetal hypoxemia, which could lead to a redistribution
of fetal cardiac output as well as endocrine and metabolic
changes affecting fetal growth, brain development, and gesta-
tion length (38,40).

A number of key limitations need mentioning. Although
there are no reasons to believe that the individual SSRI
medications may have distinguishable effects, our cohort was
too small to detect differences in the effects of the individual
SSRIs. Furthermore, some mothers were also treated, although
for short periods, with other psychotropic medications, we
could not distinguish an effect specific to these medications.
Although four of EXP fetuses delivered <37.0 wk, they did so
a mean of 5.0 = 1.9 d after our blood flow studies, thus it is
unlikely that we observed the early signs of a preterm labor.
Importantly, comparing blood flow differences between fe-
tuses who went on to deliver at term, compared with those that
delivered preterm, indicated no differences between these
groups and thus the potential effects of a preterm labor were an
unlikely explanation for our findings. Furthermore, we as-
sumed that mood differences and SSRI exposure were the
main independent variables, and randomization between ex-
posure groups was not possible. Thus, not accounting for
unmeasured maternal illness characteristics and related phys-
iological alterations inherent to perinatal maternal mood dis-
orders may have contributed to an ascertainment bias. How-

ever, if SSRIs are effective in treating these mood disorders,
they should lessen the negative impacts on the offspring,
whereas in our population-based study of neonatal outcomes
after prenatal SSRI exposure indicated that maternal depres-
sion and SSRIs have additive negative effects (24).

In summary, fetal SSRI exposure reduced fetal MCA flow
resistance and fHR variability and decreased MCA cross-
sectional area both before and after a typical prenatal maternal
SSRI dose, controlling for antenatal maternal mood. More-
over, prenatal SSRI exposure was associated with increased
cord blood Hb and hematocrit. These findings may reflect an
SSRI-related pharmacologic, vascular, or metabolic influ-
ences; however, exposure-related increase in Hb and hemat-
ocrit suggest possible fetal hypoxia and sustained in utero
SSRI related changes in fetal brain blood flow and functional
effects. Further studies are needed to examine the mechanisms
that link fetal SSRI exposure with altered central blood flow
and behavioral outcomes in the newborn period.
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