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Objective: This study determined the placental transfer of an-
tidepressants and their metabolites.

Method: A total of 38 pregnant women taking citalopram, flu-
oxetine, paroxetine, or sertraline participated. Maternal and
umbilical cord blood samples were obtained to determine anti-
depressant and metabolite concentrations.

Results: Antidepressant and metabolite concentrations were
detectable in 86.8% of umbilical cord samples. The mean ratios
of umbilical cord to maternal serum concentrations ranged
from 0.29 to 0.89. The lowest ratios were for sertraline and par-
oxetine; the highest were for citalopram and fluoxetine. Mater-
nal doses of sertraline and fluoxetine correlated with umbilical
cord concentrations of these medications.

Conclusions: Umbilical cord concentrations of antidepressants
and their metabolites were almost invariably lower than corre-
sponding maternal concentrations. Maternal doses predicted
umbilical concentrations of fluoxetine and sertraline. Mean
umbilical cord to maternal serum ratios were significantly lower
for sertraline than fluoxetine, suggesting that sertraline may
produce less fetal medication exposure than fluoxetine near
delivery.

(Am J Psychiatry 2003; 160:993-996)

’]:) date, over 2,000 reported prenatal exposures to se-
lective serotonin reuptake inhibitor antidepressants have
not identified a risk for major congenital anomalies (1, 2).
However, several reports have described perinatal compli-
cations, including jitteriness, irritability, and respiratory
difficulties after third-trimester exposure to these antide-
pressants (2-6). Whether these complications resulted
from newborns’ exposure to these medications during
pregnancy remains obscure.

Investigations that detail the extent of fetal exposure to
medications provide a basis for assessing a potential effect
of exposure (e.g., higher concentrations in umbilical cord
blood associated with complications) (7). The current in-
vestigation sought to extend previous preliminary data (7)
by examining the extent of placental passage of antidepres-
sants when these medications are taken in late pregnancy.

Method

A total of 38 pregnant women who came to the Pregnancy and
Postpartum Mood Disorders Program at the University of Califor-
nia at Los Angeles (UCLA) were included in the study. All partici-
pants were nonsmokers and in good health, with a mean age of 35
years (SD=4). All women were taking antidepressants for the treat-
ment of depression and were taking the medications for a mini-
mum of five half-lives of elimination for each compound studied
before delivery. Written informed consent was obtained for collec-
tion of serum samples.

Immediately after each birth, a blood sample was collected
from the umbilical vein before delivery of the placenta. A mater-
nal serum sample was also obtained. The blood samples were col-
lected in red-top tubes placed in diagnostic specimen containers
and mailed by overnight delivery to the UCLA clinical laboratory.
Upon arrival at the laboratory, the blood was centrifuged at 950 g
for 10 minutes, and the serum was removed and transferred in 1-
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ml aliquots to sterile polypropylene tubes. The tubes were coded
and stored at —-20°C until assay.

The method for serum assay has been detailed in previous re-
ports (8). Briefly, the concentration of antidepressants and metab-
olites in serum was described by means of an isocratic high-perfor-
mance liquid chromatography separation followed by ultraviolet
detection. The assays had a low limit of sensitivity of 1 ng/ml (flu-
oxetine, norfluoxetine, paroxetine, sertraline, and desmethylsertra-
line) or 10 ng/ml (citalopram and desmethylcitalopram).

The degree of placental passage was calculated as the ratio of
medication concentration of umbilical cord to maternal serum. A
ratio of <1.0 would indicate incomplete placental passage. Con-
sistent with our previous reports, concentrations that were below
the limit of detection were converted to the limit of detection
(e.g., <1 ng/ml=1 ng/ml) for data analysis, thereby erring on the
side of overestimation.

Statistical analyses were performed by using nonparametric
(Spearman’s) correlations since the distributions of the variables
were not normal; t tests were used for comparisons of means.

Results

A total of 38 umbilical cord and 37 maternal serum sam-
ples were obtained. Maternal serum samples were ob-
tained within 30 minutes of delivery in 33 cases and within
2-6 hours in five cases.

Antidepressant and/or metabolite concentrations were
detectable in 33 (86.8%) of 38 umbilical cord serum sam-
ples. Umbilical cord and maternal serum concentrations
of medication are shown in Table 1. Mean ratios of cord to
maternal serum concentrations of antidepressants and
metabolites ranged from 0.29 to 0.89, with sertraline pro-
ducing the lowest ratio and citalopram producing the
highest. Mean ratios of cord to maternal serum concentra-
tions were significantly lower for sertraline than for fluoxe-
tine (t=3.35, df=23, p=0.003) and for desmethylsertraline
than for norfluoxetine (t=3.04, df=23, p=0.006).
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TABLE 1. Serum Concentrations of Antidepressants and Their Metabolites in 38 Pregnant Women Taking Citalopram,

Fluoxetine, Paroxetine, or Sertraline

Ratio of Cord

Maternal Serum Cord Serum to Maternal Serum Bgt(\)/yer;n
Dose Concentration (ng/ml) Concentration (ng/ml) Concentration Oral Dose
Number Medication  (mg/day)  Medication Metabolite Medication  Metabolite Medication  Metabolite  and Delivery

1 Citalopram 20 44 —b 36 —b 0.82 19

2 Citalopram 20 12 <10 17 11 1.42 1.00 48

3 Citalopram 20 64 20 27 <10 0.42 0.50 14

4 Citalopram 40 62 18 <10 <10 0.17 0.57 23

5 Fluoxetine 10 137 30 131 26 0.97 0.87 15

6 Fluoxetine 15 30 73 10 29 0.33 0.40 37

7 Fluoxetine 20 35 135 18 105 0.51 0.78 12

8 Fluoxetine 20 60 107 23 45 0.38 0.42 24

9 Fluoxetine 20 96 104 66 62 0.69 0.60 41
10 Fluoxetine 20 13 51 7 18 0.54 0.35 15
11 Fluoxetine 20 40 388 14 46 0.35 0.12 9
12 Fluoxetine 20 100 115 70 47 0.53 0.41 27
13 Fluoxetine 20 35 126 26 116 0.74 0.92 21
14 Fluoxetine 20 19 35 6 22 0.32 0.63 14
15 Fluoxetine 30 68 224 41 133 0.60 0.59 11
16 Fluoxetine 40 94 184 100 168 1.06 0.91 17
17 Fluoxetine 40 83 200 43 90 0.52 0.45 16
18 Fluoxetine 40 112 135 152 213 1.36 1.58 26
19 Fluoxetine 60 299 254 201 182 0.67 0.72 32
20 Paroxetine 10 59 24 0.41 6
21 Paroxetine 15 22 <1 0.05 19
22 Paroxetine 20 34 31 0.91 21
23 Paroxetine 20 <1 <1 — 30
24 Paroxetine 20 —b 3 — 34
25 Paroxetine 20 <1 <1 — 40
26 Paroxetine 25 10 6 0.56 13
27 Paroxetine 40 38 24 0.63 13
28 Sertraline 25 22 74 3 11 0.14 0.15 16
29 Sertraline 50 5 22 1 7 0.20 0.32 9
30 Sertraline 50 10 68 <1 12 0.10 0.18 35
31 Sertraline 50 3 18 2 14 0.66 0.77 24
32 Sertraline 50 3 43 <1 6 0.33 0.14 7
33 Sertraline 75 5 24 <1 <1 — 21
34 Sertraline 100 25 10 10 35 0.40 0.27 14
35 Sertraline 100 50 240 10 35 0.20 0.15 24
36 Sertraline 100 8 102 3 33 0.38 0.32 32
37 Sertraline 100 47 216 14 72 0.30 0.33 13
38 Sertraline 150 47 184 11 43 0.23 0.23 16

a Appearance, pulse, grimace, activity, respiration.
b Not measured.
¢ Not given.

Maternal dose of sertraline correlated significantly with
cord serum concentration of sertraline (r=0.71, df=9, p=
0.01) and cord serum concentration of desmethylsertraline
(r=0.74, df=9, p=0.01). Maternal fluoxetine dose showed a
significant relationship with cord serum concentration of
norfluoxetine (r=0.80, df=13, p=0.0007) and was nearly sig-
nificant with serum cord concentration of fluoxetine (r=
0.66, df=13, p=0.06). No relationship emerged between ma-
ternal dose and cord serum concentration of citalopram
(r=-0.87, df=1, p=0.33) or cord serum concentration of par-
oxetine (r=0.20, df=6, p=0.64).

Neonatal outcomes were obtained from a review of ob-
stetric and pediatric records. All infants were born at 37-41
weeks of gestation and were of normal birth weight. Ad-
verse outcomes occurred for five of 38 infants and were
defined broadly to include 5-minute Apgar scores of <7
and special-care nursery admission for any length of time
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(Table 1). These five infants did not have the highest serum
umbilical cord concentrations of medication.

Four infants required special-care nursery admission
after delivery. One infant (number 1) was admitted be-
cause of hypotonia and apneic episodes. This infant had
been exposed throughout pregnancy to clonazepam, a
medication that has been linked to neonatal apnea and
hypotonia when used prenatally (9). Another infant (num-
ber 32) was diagnosed with Hirschsprung’s disease and
was admitted to the special-care nursery for surgical cor-
rection. Two infants (numbers 5 and 16) required admis-
sion to the special-care nursery for respiratory distress at-
tributed to tight nuchal cords.

One infant (number 35) had meconium-stained fluid, a
tight nuchal cord, and a low 5-minute Apgar score but did
not require admission to the special-care nursery.
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Admission to

Gestational Exposure 5-Minute Special-Care
to Antidepressant Apgar Score? Nursery
Entire pregnancy 6 Yes
Week 23 to delivery 10 No
Entire pregnancy 9 No
Entire pregnancy 8 No
Entire pregnancy 7 Yes
Entire pregnancy 9 No
Entire pregnancy 9 No
Entire pregnancy 9 No
Entire pregnancy 9 No
Entire pregnancy 9 No
Entire pregnancy —¢ No
Entire pregnancy —¢ No
Entire pregnancy 9 No
Week 32 to delivery 9 No
Entire pregnancy —¢ No
Entire pregnancy —¢ Yes
Entire pregnancy 8 No
Entire pregnancy —¢ No
Week 28 to delivery 9 No
Week 12 to delivery 8 No
Week 15 to delivery —¢ No
Week 10 to delivery 9 No
Entire pregnancy 9 No
Entire pregnancy 9 No
Week 34 to delivery 10 No
Weeks 1-5, week 16 to delivery 8 No
Week 25 to delivery 9 No
Week 6 to delivery 8 No
Week 39 to delivery —¢ No
Week 22 to delivery —¢ No
Week 34 to delivery 9 No
Weeks 1-2, week 15 to delivery 9 Yes
Entire pregnancy 9 No
Week 27 to delivery 9 No
Entire pregnancy 6 No
Week 36 to delivery —¢ No
Entire pregnancy 8 No
Entire pregnancy 9 No

Discussion

This study examined umbilical cord serum concentra-
tions of medication and neonatal outcomes after maternal
use of antidepressants near term. Umbilical cord serum
samples provide a mechanism to examine fetal blood (10)
and represent the least invasive estimate of fetal exposure
to prenatal medications.

The study found that umbilical cord serum concentra-
tions of antidepressants were almost invariably lower than
maternal serum concentrations. Mean ratios of cord to
maternal serum concentrations of antidepressants and
their metabolites ranged from 0.29 to 0.89. Sertraline pro-
duced the lowest ratio, followed by paroxetine. Citalopram
produced the highest ratio, followed closely by fluoxetine.
Mean ratios of cord to maternal serum concentrations
were significantly lower for sertraline than for fluoxetine,
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suggesting that sertraline may produce less fetal medica-
tion exposure than fluoxetine.

Variation in protein binding may explain differences in
the ratios for cord to maternal serum concentrations (11):
sertraline is the most protein-bound of the four medica-
tions, while citalopram is the least (12). Medication half-
life, which is the longest for fluoxetine (12), may also have
influenced these ratios.

A relatively short medication half-life has been impli-
cated in neonatal withdrawal symptoms after third-tri-
mester exposure (3, 5). In this study, symptoms suggesting
withdrawal in the infants were not observed after prenatal
exposure to either the long- or short-acting antidepres-
sants. Of note, signs of medication withdrawal in new-
borns remain to be better defined and distinguished from
complications resulting from other causes.

Maternal doses of fluoxetine and sertraline correlated
highly with serum cord concentrations of these medica-
tions. However, while higher doses of fluoxetine and ser-
traline resulted in higher cord serum concentrations, the
relationship was not 1:1; i.e., a doubling of the dose did not
double the fetal exposure. These data suggest that an in-
crease in maternal medication dose during pregnancy will
not necessarily be accompanied by a comparable increase
in fetal exposure.

None of the infants in this study was born preterm or of
low birth weight. This finding contrasts with the national
rates of 7.6% and 11.6%, respectively, for these complica-
tions (13) but is not surprising since the mothers in this
study—healthy nonsmoking middle-class women—gener-
ally represent a group at low risk for neonatal complications.

The greater concentrations of metabolite relative to
parent compound in the cord serum samples suggest that
the fetus is able to metabolize and eliminate the medica-
tions—at least to some extent. As fetal drug clearance at
term approximates only one-third that of adults (14), it is
encouraging to know that maternal use of antidepressants
in late pregnancy does not lead to accumulation of medi-
cation in fetal circulation.
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