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Objective: The available data on antide-
pressant levels in nursing infants were an-
alyzed in order to calculate average infant
drug levels and determine what factors
influence plasma drug levels in breast-
feeding infants of mothers treated with
antidepressants.

Method: Electronic searches of MEDLINE,
PreMEDLINE, Current Contents, Biological
Abstracts, and PsycINFO from 1966
through July 2002 followed by biblio-
graphic searches identified 67 relevant
studies (two unpublished). By consensus
the authors identified 57 studies of mater-
nal plasma, breast milk, and/or infant
plasma antidepressant levels from nursing
mother-infant pairs, measured by liquid
chromatography.

Results: Infants with recent prenatal ex-
posure and symptomatic infants included
in case reports were analyzed separately.
Infant plasma levels were standardized
against the average maternal level for
each drug. The average infant-maternal
plasma ratio was calculated for each drug,

and correlations of infant plasma level to
maternal dose, maternal plasma level,
and breast milk level were calculated.
Nortriptyline, paroxetine, and sertraline
usually produce undetectable infant lev-
els. Of drugs currently used, fluoxetine pro-
duces the highest proportion (22%) of in-
fant levels that are elevated above 10% of
the average maternal level. Based on
smaller numbers, the data on citalopram
indicate that it produces elevated levels in
17% of infants. The milk-to-plasma ratios
for 11 antidepressants had a statistically
significant negative association with the
percentage of the drug bound to protein.

Conclusions: Nortriptyline, paroxetine,
and sertraline may be preferred choices
in breast-feeding women. Minimizing the
maternal dose may be helpful with citalo-
pram. Current data do not support moni-
toring breast milk levels in individual pa-
tients. Future researchers should report
maternal, breast milk, and infant antide-
pressant levels along with other appropri-
ate variables.

(Am J Psychiatry 2004; 161:1066—1078)

Estpartum depression occurs in 13% of mothers (1),
and as many as 50% of affected women are treated with
antidepressant medication (2). Because 60% of mothers
initiate breast-feeding (3), substantial numbers of women
with postpartum depression and women who require
chronic antidepressant therapy may wish to continue
breast-feeding while taking antidepressants. Unfortu-
nately, there is little available information about the
potential risk to the infant. The medical literature con-
tains multiple case reports and case series involving
measurements of antidepressant levels in maternal
plasma, breast milk, and/or infant plasma. Although
several published reviews summarize the available data
(4-7), they focus on only one class of drug (5), do not di-
rectly compare different drugs (6, 7), or were published
before data on newer drugs such as citalopram and par-
oxetine were available (4). We present a pooled analysis
of all available data on antidepressant levels in nursing
mother-infant pairs.
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Method

Published Data

Electronic searches of MEDLINE, PreMEDLINE, Current Con-
tents, Biological Abstracts, and PsycINFO from 1966 through July
2002 were conducted by using the keywords “antidepressant
drugs,” “antidepressive agents,” “human milk,” “lactation,” and
“breast feeding” and the name of each antidepressant drug. Re-
trieved studies were examined for additional references. The in-
clusion criterion was the measurement of antidepressant levels in
lactating mothers, breast milk, or nursing infants, alone or in any
combination. Of 65 studies identified, two (8, 9) were excluded
because levels were measured by immunoassay only, which is an
inaccurate method of quantification (10, 11). Four others (12-15)
were excluded because actual drug levels were not specified. A
seventh (16) was excluded because the patient had galactorrhea
and was not breast-feeding. An eighth report (17) contained data
also included in a subsequent publication (18). Data were ana-
lyzed from the remaining 57 articles (Table 1). Some authors mea-
sured antidepressant levels in plasma, and others measured lev-
els in serum. Thus, in Table 1 “maternal level” denotes a level
measured in plasma or serum; similarly, “infant level” refers to a
level measured in plasma or serum.
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TABLE 1. Published Studies Included in a Pooled Analysis of Antidepressant Levels in Lactating Mothers, Breast Milk, and
Breast-Feeding Infants

Type of Data Extracted
From the Study

Number  Case Maternal Infant Breast Milk
Study Drug(s) of Cases Report Levels? Levels® Levels Limit of Quantification (ng/ml)¢
Erickson et al., 1979 (19) Amitriptyline 1 Yes Yes 28 (blood)
Bader et al., 1980 (20) Amitriptyline 1 Yes Yes Yes 10 (blood, milk)
Brixen-Rasmussen et al., Amitriptyline 1 Yes Yes Yes 5 (blood), 15 (milk) (for metabolite,
1982 (21) 10 in blood and 30 in milk)
Pittard et al., 1986 (22) Amitriptyline 1 Yes Yes —d
Breyer-Pfaff et al., 1995 (23) Amitriptyline 1 Yes Yes Yes 5 (blood)
Yoshida et al., 1997 (24) Amitriptyline 2 Yes Yes 20 (blood, milk)
Clomipramine 2 Yes Yes 20 (blood, milk)
Dothiepin 2 Yes Yes 20 (blood, milk)
Imipramine 4 Yes Yes 20 (blood, milk)
Briggs et al., 1993 (25) Bupropion 1 Yes Yes Yes 5 (blood, milk) (20 for metabolites)
Jensen et al., 1997 (26) Citalopram 1 Yes Yes Yes 2.4 (blood, milk)
Ohman et al., 1997 (27) Citalopram 2 Yes Yes —d
Spigset et al., 1997 (28) Citalopram 2 Yes Yes 2 (blood), 4 (milk)
Lepola et al., 2000 (29) Citalopram 7 Yes Yes 5 (blood, milk)
Rampono et al., 2000 (30) Citalopram 7 Yes 1 (blood)
Schmidt et al., 2000 (31) Citalopram 1 Yes Yes Yes 2 (blood, milk)
Nordeng et al., 2001 (32) Citalopram 3 Yes Yes Yes 4 (blood, milk)
Fluvoxamine 1 Yes Yes 0.43 (blood, milk)
Paroxetine 4 Yes Yes Yes 5 (blood, milk)
Wisner et al., 1995 (33) Clomipramine 4 Yes Yes 10 (blood)
Birnbaum et al., 1999 (34)  Clomipramine 1 Yes 20 (infant)
Desipramine 4 Yes 10-25 (infant)
Fluoxetine 13 Yes 20-50 (infant)
Imipramine 2 Yes 20-25 (infant)
Nortriptyline 4 Yes 20-25 (infant)
Paroxetine 2 Yes 20 (infant)
Sertraline 3 Yes 5 (infant)
Stancer et al., 1986 (35) Desipramine 1 Yes Yes Yes 2 (blood, milk)
Buist et al., 1993 (36) Dothiepin 12 Yes Yes Yes 10 (blood, milk)
llett et al., 1992 (37) Dothiepin 8 Yes Yes Yes 2 (blood, milk), 10 (one infant
sample)
Kemp et al., 1985 (38) Doxepin 1 Yes Yes Yes 10 (blood)
Matheson et al., 1985 (39) Doxepin 1 Yes Yes Yes Yes 3 (blood), 7 (milk)
Frey et al., 1999 (40) Doxepin 1 Yes Yes Yes 25 (blood)
Isenberg, 1990 (41) Fluoxetine 1 Yes Yes Yes —d
Burch et al., 1992 (42) Fluoxetine 1 Yes Yes 5 (blood, milk)
Lester et al., 1993 (43) Fluoxetine 1 Yes Yes Yes —d
Taddio et al., 1996 (44) Fluoxetine 10 Yes Yes 1 (blood, milk)
(one only)
Brent et al., 1998 (45) Fluoxetine 1 Yes Yes —d
Yoshida et al., 1998 (46) Fluoxetine 4 Yes Yes Yes 2 (blood, milk), 5-20 (some infant
samples)
Kristensen et al., 1999 (47)  Fluoxetine 14 Yes (two Yes Yes Yes 15 (blood, milk)
infants)
Hendrick et al., 2001 (48) Fluoxetine 20 Yes Yes 1 (blood)
Wright et al., 1991 (49) Fluvoxamine 1 Yes Yes 2 (blood)
Yoshida et al., 1997 (50) Fluvoxamine 1 Yes Yes —d
Arnold et al., 2000 (51) Fluvoxamine 1 Yes Yes Yes 5 (blood, milk)
Hagg et al., 2000 (52) Fluvoxamine 1 Yes Yes 43 (blood), 7 (milk)
Piontek et al., 2001 (53) Fluvoxamine 2 Yes Yes 2.5 (blood)
Sovner et al., 1979 (54) Imipramine 1 Yes Yes —d
Dodd et al., 1999 (55) Nefazodone 2 Yes Yes 50 (blood, milk)
Matheson et al., 1988 (56) Nortriptyline 1 Yes Yes 15 (blood), 30 (milk)
Wisner et al., 1991 (57) Nortriptyline 7 Yes Yes 4-5 (blood)
Wisner et al., 1996 (58) Nortriptyline 5 Yes Yes 4 (blood)
Mammen et al., 1997 (59) Nortriptyline 2 Yes Yes 4 (blood)
Wisner et al., 1997 (60) Nortriptyline 7 Yes Yes 4 (blood), 10 (one infant sample)
Altshuler et al., 1995 (61) Nortriptyline 1 Yes Yes Yes for 10 (blood) for nortriptyline; 0.5
and sertraline sertraline (blood, milk) for sertraline
Spigset et al., 1996 (62) Paroxetine 1 Yes Yes —d
Begg et al., 1999 (63) Paroxetine 10 Yes Yes 4 (blood, milk)
Ohman et al., 1999 (64) Paroxetine 7 Yes Yes 5 (blood, milk)
Stowe et al., 2000 (65) Paroxetine 16 Yes Yes 4 (blood, milk)
Hendrick et al., 2000 (66) Paroxetine 1 Yes Yes Yes 1 (blood), 2 (milk)
Misri et al., 2000 (67) Paroxetine 24 Yes Yes Yes 0.1 (blood, milk)

(continued)
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TABLE 1. Published Studies Included in a Pooled Analysis of Antidepressant Levels in Lactating Mothers, Breast Milk, and

Breast-Feeding Infants (continued)

Type of Data Extracted

From the Study

Number  Case Maternal Infant Breast Milk
Study Drug(s) of Cases Report Levels? LevelsP Levels Limit of Quantification (ng/ml)¢
Epperson et al., 2001 (18) Sertraline 14 Yes Yes 2.5 (blood)
Mammen et al., 1997 (68) Sertraline 3 Yes Yes 2 (blood)
Stowe et al., 1997 (69) Sertraline 11 Yes Yes 1 (blood)
Kristensen et al., 1998 (70)  Sertraline 8 Yes 5 (blood)
Wisner et al., 1998 (71) Sertraline 8 Yes Yes 2 (blood)
Dodd et al., 2000 (72) Sertraline 10 Yes Yes 5 (blood, milk)
llett et al., 1998 (73) Venlafaxine 3 Yes Yes Yes 10 (blood, milk)
Hendrick et al., 2001 (74) Venlafaxine 2 Yes Yes 10 (blood)

2 Some authors measured antidepressant levels in plasma, and others measured levels in serum. Thus, “maternal level” denotes a level mea-

sured in plasma or serum.

b Some authors measured antidepressant levels in plasma, and others measured levels in serum. Thus, “infant level” denotes a level measured

in plasma or serum.

¢ Limit of quantification of the parent drug. Limit may be higher for metabolites. “Blood” represents maternal blood, “infant” represents infant
blood. In some cases, the limit of quantification was higher for the infant’s blood because of the small volume of blood obtained.

d Not reported.

We contacted the seven authors who had published the largest
series of data and the manufacturers of each drug produced in the
United States. Two additional unpublished papers were discov-
ered, but data on individual cases were not available from these
studies.

Within the 57 articles we identified, some data could not be
used because they included immunoassay data or drug levels av-
eraged over several patients. One report (63) presented some data
only as the calculated area under the curve. Since these data
could not be compared to one-time measurements, they were ex-
cluded. We were unable to obtain the original blood and breast
milk levels for those subjects from the authors.

One subject, patient 9 from a study by one of us (71), was ex-
cluded. In this case, the infant’s sertraline and norsertraline levels
were 64 ng/ml and 68 ng/ml, respectively, which were more than
50% of the mother’s levels. In the 58 other published cases involv-
ing sertraline, the infant level did not exceed 4.9 ng/ml for sertra-
line or 24 ng/ml for norsertraline. The original investigators be-
lieved the unusually high sertraline levels in this infant were
spurious.

Data were extracted by one author (M.D.) and checked on two
occasions by another (A.M.W.). Of greatest value were data sets
that included maternal blood levels, breast milk levels, and infant
blood levels; however, many data sets included two and some
only one of these measurements. Only 18 studies (17, 23, 25, 31,
33, 39, 45, 51, 53, 56, 57, 59-61, 66-68, 71) specifically stated the
proportion of breast milk versus bottle feedings; 11 infants (67)
were more than 80% breast-fed, seven infants (17, 23, 31, 57, 68)
were about 60%-80% breast-fed, one (exposed to fluvoxamine)
(53) was half breast-fed, and one (exposed to bupropion) (25) was
about 30% breast-fed; the other 49 infants were fully breast-fed.
Only one publication (51) reported a patient’s smoking status,
and none commented on alcohol use.

Where possible, we categorized data sets as collected either
from patients who were studied because the infant was symp-
tomatic in some way (case reports) or from patients identified for
study in other ways (research cases). When possible, we also
noted which infants had been exposed to the same antidepres-
sant before birth.

Unpublished Data

In addition to the published cases, data were also available
from 36 unpublished cases (Table 2). Dr. Weissman collected ma-
ternal blood, breast milk, and infant blood from 11 mother-infant
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pairs in which the mothers were taking five different antidepres-
sants. Dr. Wisner collected maternal and infant blood from 15
mother-infant pairs; the mothers in five pairs were taking sertra-
line and the mothers in 10 pairs were taking nortriptyline as part
of ongoing clinical trials. In these studies, after complete descrip-
tion of the study to the subjects, written informed consent was
obtained. Blood was collected from mothers and infants by veni-
puncture. For breast milk samples, the entire output from one
breast was collected while the infant nursed at the other breast.

The blood samples were immediately centrifuged, and the
plasma was frozen at -70°C. The milk samples were immediately
frozen as well. All samples were sent to the laboratory of James M.
Perel, Ph.D., at the University of Pittsburgh Medical Center, for
analysis.

Concentrations of the drugs and their major active metabolites
were assayed with previously validated analytical methods that
used high-performance liquid chromatography. The methods en-
tailed solvent extraction from alkaline solution of 1.0-ml plasma
samples, followed by back extraction into dilute acid. By using an
automated sample processor, these extracts were injected onto a
C-18 column and resolved with a phosphate buffer/acetonitrile
mobile phase, and the levels were determined by using a variable-
wavelength ultraviolet light detector and automatic integration.
For fluvoxamine, the limit of quantitative detectability necessary
to assay physiologically significant levels for infants was lower
than the published range (75). Adjustment of the wavelengths to
optimize the signal-to-noise ratio, increasing the percentage of fi-
nal extract injected, and careful chromatographic conditions per-
mitted validation of all the methods at levels of quantification
down to 1.5 to 2.0 ng/ml for the various compounds: sertraline
(71, 76), fluoxetine and citalopram (77), and paroxetine (unpub-
lished method of G. Rudolph and J. Perel, 2001; similar to preced-
ing method). The level of detectability was about one-third the
level of quantification. In cases where a full milliliter of infant
plasma was not available, the levels of quantification and detect-
ability were correspondingly compromised.

Milk samples were assayed by the method of standard addi-
tion, so that each sample served as its own matrix. A volume of 0.5
ml of milk was used per extraction tube instead of the 1.0 ml used
in the plasma assays. Five 0.5-ml volumes for each milk sample,
containing zero or various known amounts of the drug (and me-
tabolites, as appropriate), were extracted and chromatographed
as were the 1.0-ml plasma samples. The results were then graphi-
cally extrapolated to determine the correct values.
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Statistical Analysis

For studies that had more than one value for breast milk levels
for the same feeding (i.e., hind milk and fore milk levels or right
and left breast levels), the values were averaged. For statistical
analysis, levels reported as “not detected” were entered as zero
and levels reported as detected but not quantifiable were entered
as 0.1 ng/ml less than the limit of quantification. Sensitivity anal-
yses were done by recoding “not detected” from “0” to half the
limit of quantification and “detectable but not quantifiable levels”
from 0.1 ng/ml below the limit of quantification to half the limit of
quantification.

For some studies, several measurements per mother-infant
pair were reported. To avoid undue influence from a given pa-
tient, we included only one measurement from a given source
(maternal plasma, milk, or infant plasma) per subject. If there
were several measurements from one source (e.g., milk), we chose
the single measurement that corresponded in time to another
measurement (e.g., plasma). Few infants had more than one
plasma level measurement. For those who did, we used the first
infant blood level obtained, since younger infants may metabo-
lize the medication more slowly than older infants. For infants
with multiple measurements and a history of prenatal exposure,
we used the first measurement taken after the infant was older
than five times the adult half-life of the parent drug.

Infants selected for study because they were symptomatic were
analyzed separately from the others. Infants with prenatal expo-
sure whose only measurements were taken within five half-lives
of the parent drug were excluded from the primary analysis. This
allowed us to examine data that reflected primarily breast-feed-
ing drug exposure, rather than prenatal drug exposure. To com-
pute correlations between mothers’ and infants’ levels, we used
mother and infant levels from blood samples taken simulta-
neously.

We included metabolite levels in some analyses by computing
a weighted sum of the parent drug plus metabolite levels, using
the metabolite’s biological activity relative to the parent drug as
the weighting factor (Table 3). However, because metabolites
were often not measured, the analyses we will describe are based
on parent drug levels alone except where otherwise stated.

A one-way analysis of variance (ANOVA) was used to compare
infant plasma levels across medications. To standardize the infant
plasma concentrations so that results with one drug could be
compared to results with another, we divided each infant plasma
level by the average maternal plasma level for each drug. We
would have preferred to divide by the minimum therapeutic level
for each drug, but minimum therapeutic levels have not been de-
fined for antidepressants other than tricyclics.

Correlations of the milk level with the mother’s plasma level
and of the infant’s plasma level with the mother’s dose and blood
level were computed for each medication. Only correlations
based on five or more observations are reported. Correlations for
all subjects combined were adjusted for medication by using in-
dicator variables.

Results

The complete database of published and unpublished
cases included druglevels for 15 antidepressants and their
major active metabolites (Table 3). The database con-
tained 337 research cases, including measurements for
238 infants. An additional six cases that had been studied
because of suspected adverse effects in the infant were
classified as case reports (39-41, 43, 45, 47) (Table 4).

These cases were excluded in the calculation of average
blood or breast milk drug levels but were included in ex-
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amination of predictors of breast milk and infant druglev-
els. Two of the infants in the research cases had also dis-
played adverse effects (31, 32) (Table 4), but these infants
had not been selected for study on this basis and were in-
cluded in all analyses.

In addition to excluding the case reports, the analyses in
Table 5 and Table 6 also excluded data from infants with
prenatal exposure who were younger than five times the
average adult half-life of the parent drug. Table 5 presents
the mean dose, maternal plasma level, breast milk level,
and milk/plasma ratio for each drug. Drug levels were de-
tectable in breast milk for all antidepressants studied.
Pearson correlations between maternal plasma and breast
milk levels were statistically significant for citalopram,
dothiepin, fluvoxamine, and paroxetine. Despite large
study groups, the correlation between maternal plasma
and breast milk levels did not reach statistical significance
for fluoxetine or sertraline.

Table 6 compares the infant plasma levels with the ma-
ternal plasma and breast milk levels for each drug. The
standardized infant plasma level for each drug (infant
level divided by the average maternal plasma level for that
drug) is given on the left side of the table. We defined ele-
vated infant levels as those above 10% of the average ma-
ternal level. Other than dothiepin, which was studied in
only three infants, fluoxetine produced the highest pro-
portion of elevated infant levels and the highest mean
standardized infant level (Table 6). Citalopram also pro-
duced a relatively high percentage of elevated infant
levels. Repeating the analysis of infant levels with the
weighted sum of the metabolites included did not sub-
stantially change the results (data not shown). Of note, the
only infant with an elevated paroxetine level, 31.4 ng/ml
(32), was 5 days old and had a history of prenatal exposure
to paroxetine, which may have caused the high level. How-
ever, that infant’s mother also had an unusually high level
of paroxetine in her breast milk. All other infant paroxetine
levels were zero (limit of quantification, 4-5 ng/ml), and
these infants included three with prenatal exposure who
were 4.0-5.6 weeks old.

In the ratios of infant to maternal plasma levels for each
individual mother-infant pair, fluoxetine and citalopram
again produced relatively high proportions of elevated in-
fant levels (Table 6). Fluvoxamine and clomipramine each
produced an elevated level in one infant out of the three
studied. For venlafaxine, which had substantial infant me-
tabolite levels, we repeated the analysis with the weighted
sum of the metabolites. When the metabolites were in-
cluded in the analysis, venlafaxine produced a mean stan-
dardized infant level of 0.06 ng/ml in the five infants stud-
ied, and one infant had an elevated plasma level. The
infant-to-mother ratio for venlafaxine was 0.12, with ele-
vated ratios for two of the five infants. These five infants all
had substantial metabolite levels (16-225 ng/ml) despite
having levels of the parent drug of zero. For the other
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TABLE 2. Previously Unpublished Antidepressant Plasma and Breast Milk Levels in 36 Breast-Feeding Mother-Infant Pairs

Infant’s Mother’s Antidepressant Treatment
Mother- Infant’s Infant’s Infant’s Birth Current Mother’s Dose Duration Time Between Last Dose
Infant Pair Age (weeks) Sex Weight (kg) Weight (kg) Weight (kg) Drug (mg/day) (weeks) and Blood Sampling (hours)
1 4.8 F 3.270 4.45 77.2 Fluoxetine 20 6 9
2 5.1 M 2.410 3.19 65.5 Sertraline 50 5 8
3 29.1 F 3.510 8.27 62.4 Fluvoxamine 250 94 9
4 1.6 F 3.736 3.85 73.4 Citalopram 20 26 9
5 1.7 F 3.580 5.74 65.3 Citalopram 20 12 10
6 19.6 M 3.540 6.77 53.7 Sertraline 50 14 8
7 929 F 3.810 5.41 135.8 Paroxetine 30 156 10
8 7.3 M 3.520 4.71 66.9 Paroxetine 20 140 8
Y 1.4 M 2.810 5.03 52.4 Sertraline 100 4 10
10 929 F 3.300 4.77 98.0 Sertraline 50 2 8
11 28.1 F 4.250 8.03 91.2 Paroxetine 10 10 8
12 4.0 — 3.830 — — Sertraline 50 4 12
13 4.0 M 3.260 — — Sertraline 50 4 1
14 4.0 — 3.660 — — Sertraline 50 4 4
15 4.0 — 3.740 — — Sertraline 50 4 1
16 4.0 F 3.150 — — Sertraline 50 4 3
17 4.0 M 3.090 — — Sertraline 50 4 27
18 4.0 M 3.200 — — Sertraline 50 4 25
19 2.0 F 0.910 — — Nortriptyline 100 3 12
20 — F — — — Nortriptyline 100 3 14
21 7.0 F 2.690 — — Sertraline 100 3 9
22 7.0 M 3.690 — — Nortriptyline 100 3 "
23 10.0 F 3.690 — — Sertraline 100 3 12
24 11.0 F 3.710 — — Sertraline 100 3 13
)5 7.0 IF 3.290 — — Nortriptyline 50 3 14
26 7.0 M 3.200 — — Nortriptyline 50 3 12
27 7.0 F 3.710 — — Sertraline 100 3 14
28 9.0 F 2.290 — — Sertraline 100 3 13
29 6.0 F 4.340 — — Sertraline 100 3 12
30 5.0 F 2.860 — — Sertraline 100 3 14
31 15.0 F 4.220 — — Nortriptyline 50 3 12
32 11.0 M 3.260 — — Nortriptyline 50 3 "
33 9.0 IF — — — Nortriptyline 50 3 13
34 15.0 F 3.060 — — Sertraline 100 3 11
35 8.0 M 3.030 — — Nortriptyline 50 3 12
36 12.0 M 3.800 — — Nortriptyline 50 3 7

a E-Nortriptyline and Z-nortriptyline are stereoisomers of nortriptyline. Their full names are E-10-hydroxynortriptyline and Z-10-hydroxynortriptyline.

1070 http.//ajp.psychiatryonline.org Am | Psychiatry 161:6, June 2004



Maternal Breast Milk
Drug or Metabolite Plasma Level Level Infant Plasma
Measured? (ng/ml) (ng/ml) Level (ng/ml)
Fluoxetine 106 578 0.0
Norfluoxetine 203 111 13.0
Sertraline 10 30 0.0
Norsertraline 21 35 1.9
Fluvoxamine 370 380 0.0
Citalopram 44 41 1.8
Desmethylcitalopram 16 25 1.4
Didesmethylcitalopram 6 1 0.0
Citalopram 63 68 21
Desmethylcitalopram 19 26 1.4
Didesmethylcitalopram 6 12 0.0
Sertraline 42 90 0.0
Norsertraline 75 71 0.0
Paroxetine 77 50 0.0
Paroxetine 68 54 0.0
Sertraline 22 12 0.0
Norsertraline 31 12 29
Sertraline 17 18 0.0
Norsertraline 20 21 0.0
Paroxetine 17 10 0.0
Sertraline 20 — 0.0
Norsertraline 41 — 0.0
Sertraline 28 — 0.0
Norsertraline 69 — 1.9
Sertraline 15 — 0.0
Norsertraline 28 — 1.8
Sertraline 31 — 0.0
Norsertraline 38 — 1.5
Sertraline 62 — 1.5
Norsertraline 115 — 5.1
Sertraline 15 — 0.0
Norsertraline 42 — 11.9
Sertraline 23 — 0.0
Norsertraline 33 — 1.5
Nortriptyline 106 — 0.0
E-Nortriptyline 21 — 0.0
Z-Nortriptyline 117 — 0.0
Nortriptyline 10 — 0.0
E-Nortriptyline 17 — 0.0
Z-Nortriptyline 105 — 1.9
Sertraline 42 — 0.9
Norsertraline 53 — 29
Nortriptyline 110 — 0.0
E-Nortriptyline 14 — 0.0
Z-Nortriptyline 66 — 1.9
Sertraline 13 — 0.0
Norsertraline 20 — 0.0
Sertraline 4 — 0.0
Norsertraline 7 — 1.9
Nortriptyline 160 — 0.0
E-Nortriptyline 17 — 0.0
Z-Nortriptyline 141 — 0.0
Nortriptyline 58 — 2.0
E-Nortriptyline 9 — 1.9
Z-Nortriptyline 38 — 7.1
Sertraline 28 — 0.0
Norsertraline 82 — 34
Sertraline 53 — 1.5
Norsertraline 145 — 5.6
Sertraline 74 — 1.5
Norsertraline 150 — 1.5
Sertraline 29 — 0.0
Norsertraline 60 — 2.0
Nortriptyline 39 — 0.0
E-Nortriptyline 4 — 0.0
Z-Nortriptyline 50 — 4.6
Nortriptyline 72 — 1.9
E-Nortriptyline 7 — 0.0
Z-Nortriptyline 110 — 1.9
Nortriptyline 73 — 0.0
E-Nortriptyline 10 — 0.0
Z-Nortriptyline 79 — 3.9
Sertraline 27 — 0.0
Norsertraline 45 — 1.9
Nortriptyline 150 — 0.0
E-Nortriptyline 14 — 0.0
Z-Nortriptyline 164 — 1.9
Nortriptyline 111 — 0.0
E-Nortriptyline 71 — 0.0
Z-Nortriptyline 65 — 1.9
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drugs studied, including the metabolites produced no
substantial changes in the analysis (data not shown).

We analyzed the correlations of the infant plasma level
to the mother’s dose, mother’s plasma level, breast milk
level, and infant age for the five drugs for which five or
more infant levels were reported (Table 7). We found that
the maternal dose was highly correlated with the infant
plasma level for citalopram and was weakly correlated for
sertraline. Maternal dose did not predict infant level for
fluoxetine, nortriptyline, or paroxetine. The maternal
plasma level was moderately correlated with the infant
level for sertraline but not citalopram, fluoxetine, or nor-
triptyline. Maternal breast milk level was significantly cor-
related with infant plasma level for citalopram, fluoxetine,
and paroxetine. However, the correlation between breast
milk and infant plasma level for paroxetine is high because
the 5-day-old infant (32) with a paroxetine level of 31.4 ng/
ml was exposed to unusually high levels of paroxetine in
the breast milk (153 ng/ml versus an average of 28 ng/ml
for the other infants with measurable levels). The level was
zero for the other 24 infants. It is interesting that infant age
was not correlated with infant plasma level for any drug.
(Again, infants with recent prenatal exposure were ex-
cluded from this analysis.) Including the metabolites in
the analysis produced no significant changes in the corre-
lations (data not shown).

Of the 15 excluded infants (those with prenatal exposure
who were younger than five times the average half-life of
the parent drug), 12 had mothers taking fluoxetine and
had measurable infant plasma levels. The mean plasma
level for these 12 infants was 35.5 ng/ml, compared to a
mean plasma level of 7.9 ng/ml for the 36 fluoxetine in-
fants who were not excluded (t=2.52, df=46, p=0.03).

We also compared the mean infant fluoxetine plasma
levels for infants with and without prenatal exposure who
were older than five half-lives of the parent drug. The 22
older infants with prenatal exposure to fluoxetine had a
mean level of 7.9 ng/ml, compared to 2.8 ng/ml for nine
older infants with no prenatal exposure. This is not a sta-
tistically significant difference. Similar comparisons for
paroxetine, citalopram, sertraline, and nortriptyline did
not reveal any significant differences between infants with
and without prenatal exposure who were older than 5 half-
lives of the parent drug (data not shown).

Six infants originally selected for study because of
symptoms were excluded from the preceding analysis. Of
these, four were exposed to fluoxetine and two to doxepin.
The symptomatic infants exposed to citalopram (31) and
paroxetine (32) were included in our analyses because
they were studied prospectively and then found to have
symptoms (Table 4).

For 11 antidepressants we had both ratios of milk to ma-
ternal plasma levels and published information on per-
centage of free drug, which allowed us to calculate protein
binding (80, 81). For these 11 drugs, the ratio of milk to
maternal plasma levels had a statistically significant nega-
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TABLE 3. Typical Doses and Major Metabolites of Antidepressants Taken by Mothers in Studies of Breast-Feeding Mother-

Infant Pairs
Metabolite 1 Metabolite 2 Metabolite 3
Half-Life % Biological % Biological % Biological
of Parent Activity Activity Activity
Typical Drug Compared Compared Compared

Drug Taken Dose (78, 79) to Parent to Parent to Parent
by Mother (mg/day) (hours) Name Drug Name Drug Name Drug
Amitriptyline 150 20 Nortriptyline 100
Bupropion 300 21 Erythrohydro- 50 Hydroxybupropion 50 Threohydro- 50

bupropion bupropion
Citalopram 20 35 Norcitalopram 13 Didesmethyl- 13

citalopram

Clomipramine 200 32 N-Desmethyl- 100 8-Hydroxy- 100 8-Hydroxy- 100

clomipramine clomipramine desmethyl-

clomipramine

Desipramine 150 20 2-Hydroxy- 100

desipramine
Dothiepin 100 19 Nordothiepin 502 Dothiepin-S-oxide 502 Nordothiepin-S- 50

(northiaden) oxide
Doxepin 150 9 N-Desmethyldoxepin 100
Fluoxetine 20 96 Norfluoxetine 100
Fluvoxamine 150 16 —b
Imipramine 150 12 Desipramine 100
Nefazodone 300 17 Hydroxynefazodone 100 Dione metabolite 0 m-Chlorophenyl- 0

(BMS-180492A) piperazine
(m-CPP)

Nortriptyline 75 37 E-Nortriptyline© 502 Z-Nortriptylined 502
Paroxetine 20 22 —b
Sertraline 100 26 Norsertraline 10
Venlafaxine 150 5 0-Desmethyl- 100

venlafaxine

2 Unknown; value is an estimate.
b No active metabolite.

€ E-10-Hydroxynortriptyline.

d 7-10-Hydroxynortriptyline.

tive association with the percentage of the drug bound to
protein (rs=—0.69, N=11, p=0.02).

Our methods of data extraction could have led to over-
or underestimation of the infant plasma levels. Initially, we
coded undetectable infant levels as zero, which could lead
to underestimation, and we coded detectable but not
quantifiable infant levels as 0.1 ng/ml less than the limit of
detectability, which could lead to overestimation of infant
levels. We therefore repeated the analyses in Table 6 and
Table 7 under different conditions to assess the robustness
of our results.

First, undetectable infant levels were recoded from zero
to half the level of quantification. The standardized infant
levels (Table 6) were now elevated (>10% of the average
maternal level) in one of four amitriptyline infants, the
one bupropion infant, the one dothiepin infant, three of
36 nortriptyline infants (8%), and three of 47 paroxetine
infants (6%). The proportion of infants with elevated stan-
dardized levels changed from 22% to 25% for fluoxetine.
The correlations in Table 7 changed slightly. Two correla-
tions changed in statistical significance: the correlation
between maternal dose and infant level for paroxetine be-
came significant at r=0.35 (p<0.05), and the correlation be-
tween maternal dose and infant level for sertraline be-
came nonsignificant at r=0.25.
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We then recoded detectable but nonquantifiable infant
levels, reducing them from 0.1 ng/ml less than the limit of
quantification to half the limit of quantification. The stan-
dardized infant levels (Table 6) were now elevated (>10% of
the average maternal level) in six (17%) of 36 fluoxetine in-
fants instead of 22% and in 0% of sertraline infants instead
of 7%. The correlations in Table 7 again changed slightly,
but there were no changes in statistical significance.

Discussion

There are many factors potentially affecting breast milk
and infant plasma levels of maternally ingested antide-
pressants. These include protein binding, CYP2D6 poly-
morphisms, lipophilicity, and the presence of other drugs
(including herbs) ingested by the nursing mother. We
found a strong negative relationship between antidepres-
sant protein binding and potential transmission to the fe-
tus that to our knowledge has not been addressed in previ-
ous studies. According to currently available data, breast-
feeding infants exposed to nortriptyline, paroxetine, or
sertraline seem unlikely to develop detectable or elevated
plasma levels, while infants exposed to fluoxetine appear
to be at higher risk of developing elevated levels, especially
following prenatal exposure or if levels are high in the
breast milk. Citalopram may produce elevated levels in

Am | Psychiatry 161:6, June 2004



WEISSMAN, LEVY, HARTZ, ET AL.

TABLE 4. Case Reports of Adverse Effects of Antidepressants in Breast-Feeding Infants

Infant Levels (ng/ml)2

Age Prenatal
Study Drug (weeks) Symptoms Drug  Metabolite Exposure
Schmidt et al., 2000 (31)  Citalopram 6.6  Uneasy sleep (resolved after dose was halved) 12.7° — No
Matheson et al., 1985 (39) Doxepin 8 Respiratory depression, drowsiness; recovered 3 62 No
24 hours after exposure ceased
Frey et al., 1999 (40) Doxepin 1.6 Hypotonia, vomiting, poor sucking and 10 0 No
swallowing, weight loss; recovered 24 hours
after exposure ceased
Isenberg, 1990 (41) Fluoxetine 14.9¢ Irritability — — No
Lester et al., 1993 (43) Fluoxetine 10.3  Crying, decreased sleep, increased vomiting, 340 208 No
watery stools; diary documented that symptoms
returned on rechallenge and resolved after
discontinuation of breast milk
Brent et al., 1998 (45) Fluoxetine, Possible seizure, recurring after drug exposures
carbamazepine, stopped
and buspirone
Fluoxetine Yes
Time 1 1.9 0 58
Time 2 3.0 61 57
Carbamazepine Yes
Time 1 1.9 0.5 —
Time 2 3.0 <0.5 —
Buspirone Yes
Time 1 1.9 —d —
Time 2 3.0 —d —
Kristensen et al., 1999 (47)
Infant 10 Fluoxetine 6.4  Uncontrollable crying, irritability, and poor 0 187 Yes
feeding
Infant 14¢ Fluoxetine 1.7 Uncontrollable crying, irritability, and poor 252 185 Yes
feeding
Nordeng et al. (32) and Paroxetine 0.7 Lethargy, poor weight gain, hypotonia that 31.4 31.4 Yes

Nordeng (personal
communication), 2001

persisted through first 4-6 weeks of life

2 Some authors measured antidepressant levels in plasma, and others measured levels in serum. Thus, “infant leve

in plasma or serum.
b | evel decreased to 4.5 ng/ml with half the dose.

B

denotes a level measured

€ Authors reported that 2 weeks of fluoxetine treatment began when the mother was 3 months postpartum.

d Not detectable.
€ Also exposed to methadone.

some infants, especially if the maternal dose or breast milk
level is high, but more data are needed before firm conclu-
sions can be drawn. Although our research does not show
that the elevated levels have consequences for infants, a
conservative approach to management may be to pre-
scribe only medications that do not appear in infants’
plasma.

Short-Term Effects of Antidepressant Exposure

Short-term but potentially serious adverse effects of
breast-feeding exposure to antidepressants have been
noted in individual case reports (Table 4). Of note, the 10-
week-old infant studied by Lester et al. (43) had no history
of prenatal exposure to fluoxetine yet developed plasma
levels higher than the average maternal plasma level in
our database. This measurement may have been spu-
riously high because it was obtained at a commercial
laboratory rather than a research laboratory (4), but the
infant’s symptoms correlated with withdrawal and reexpo-
sure to the mother’s breast milk. The fluoxetine-exposed
infant studied by Brent and Wisner (45) had levels that in-
creased between 2 and 3 weeks of age. These findings sup-
port our conclusion that fluoxetine is more likely than
other antidepressants to accumulate in nursing infants.
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The symptomatic infant with citalopram exposure re-
ported by Schmidt et al. (31) is interesting because the
symptoms occurred in an infant with no history of prena-
tal exposure whose level was 13% of the average maternal
plasma level in our database. This supports our classifica-
tion of infant levels above 10% of the maternal level as of
potential clinical significance.

Long-Term Effects of Antidepressant Exposure

This pooled analysis focused only on infant plasma and
breast milk levels. However, plasma levels or even brain
tissue levels may not accurately predict the biochemical
effect of an antidepressant on the brain (82, 83). Therefore,
a low or undetectable infant plasma concentration by it-
self cannot reassure us that the antidepressant will have
no effect on the rapidly developing brain. The larger ques-
tion—whether chronic exposure to low doses of antide-
pressant medication poses long-term neurodevelopmen-
tal risks to the infant—remains unanswered. The limited
information available from small controlled (24, 69, 84)
and uncontrolled (46, 50) studies of asymptomatic infants
is reassuring. Platelet serotonin uptake is not decreased in
breast-fed infants exposed to sertraline; by inference,
breast-feeding exposure to sertraline should therefore not
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TABLE 5. Maternal Antidepressant Dose and Plasma and Breast Milk Levels in Breast-Feeding Mother-Infant Pairs in 57

Studies
Ratio of Milk
Maternal Dose Maternal Plasma Level Breast Milk Level to Plasma Level Pearson
- Correlation of
Dose (mg/day) Level (ng/ml) Level (ng/ml) Ratio Milk and

Antidepressant N Mean Range N Mean  Range N Mean Range N Mean? Range Plasma Levels?
Amitriptyline 6 129 75-175 6 112 41-228 4 80 38-143 5 0.8 0-1.6 0.46
Bupropion 1 300 1 i 1 78 1 71
Citalopram 18 29 20-60 14 98 32-250 18 157 41-451 14 1.7 0.9-2.8 0.93**
Clomipramine 6 926 75-125 5 122 60-160 2 141 139-143 2 0.9 0.8-0.9
Desipramine 5 177 37-300 1 264 1 322 1 1.2
Dothiepin 12 142 50-225 19 93 11-712 19 130 0-1119 19 1.3 0-3.2 0.98%*
Doxepin 1 150 1 46 1 61 1 1.4
Fluoxetine 33 28 10-80 28 165 21-506 20 76 23-189 28 0.2 0-1.1 0.53
Fluvoxamine 8 159 50-300 7 188 12-370 6 174 18-478 6 0.9 0.3-1.4 0.82*
Imipramine 7 129 75-200 5 146 21-334 5 190 16-435 4 1.4 1.1-2.0
Nefazodone 2 275 150-400 2 333 49-617 2 254 57-450 2 4.6 0.1-9.2
Nortriptyline 35 78 50-150 33 102 10-201 1 230 1 1.6
Paroxetine 68 21 10-50 55 47 0-276 50 28 0-153 39 0.6 0-2.4 0.79*%*
Sertraline 77 83 25-200 65 35 4-134 15 45 7-207 27 0.9 0-5.2 0.22
Venlafaxine 5 225 75-450 5 174 28-550 3 955 565-1700 3 2.5 0-5.2

a Significant difference among mean ratios (ANOVA: F=7.79, df=14, 140, p<0.001).
b Correlations determined only for antidepressants with at least five cases.

*p<0.05.  **p<0.001.

affect serotonin metabolism in the infant brain (18). How-
ever, Chambers et al. (85) found a small growth deficit of
392 g at 6 months of age in infants exposed to fluoxetine
through breast milk. Although antenatal exposure is dif-
ferent from breast-feeding exposure, the available data on
antenatal exposure points toward little or no long-term ef-
fect on developmental outcomes (86). Clearly, further
work needs to be done before we can be confident that an-
tidepressant exposure poses no important long-term neu-
rodevelopmental risks to the nursing infant.

Limitations

This pooled analysis included all the currently available
data we could find on antidepressant levels in breast-feed-
ing mothers and infants, as well as data from 36 unpub-
lished cases. Most data sets did not include maternal,
breast milk, and infant levels. Infant levels were especially
lacking. Because the neonatal liver undergoes a marked
increase in metabolic capacity during the first weeks of
life, from very low to above the adult range (87), the in-
fant’s ability to metabolize the drug can be a much stron-
ger determinant of plasma level than the amount of drug
ingested through breast milk. Despite the correlations we
have presented, the current knowledge is not sufficient to
support monitoring of breast milk levels in order to esti-
mate individual infant plasma levels, and researchers
should not rely on breast milk levels alone to estimate the
extent of exposure of the infant.

Other data elements that were not routinely reported
include the maternal weight, time after a maternal dose,
whether the infant had been exposed to the drug before
birth, the limit of quantifiability of the assay, and the use of
other medications, including herbs, that may affect me-
tabolism. Variation in pharmacogenetics may also be im-
portant, but these studies are unlikely to be done in the
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near future, given the current invasive nature of these as-
says. The pharmacokinetics of drug transfer by breast milk
can be understood only if the presence or absence of pre-
natal exposure is reported, since prenatal exposure pro-
vides a “loading dose” that far exceeds any exposure from
breast milk.

Many reported breast milk levels are unreliable because
of variations in milk collection procedures. In some stud-
ies, an unspecified aliquot from a given feeding was col-
lected or only fore or hind milk levels were determined,
and these may not accurately reflect the overall drug con-
centration ingested by the infant. Because antidepres-
sants tend to be lipophilic, breast milk concentrations for
some drugs may vary more than twofold between the wa-
tery fore milk and the fattier hind milk (56, 64), while oth-
ers vary very little (35).

Other possible confounding factors include cigarette
smoking, a known inducer of cytochromes CYP1A1 and
CYP1A2 (88). Almost none of the reports indicated
whether the mothers used cigarettes, which can poten-
tially affect infant metabolism and maternal metabolism.
Similarly, alcohol use was not reported.

The studies we reviewed primarily made contempora-
neous measurements of maternal, breast milk, and infant
drug levels. However, the peak level in breast milk may lag
behind the maternal plasma peak by 2 or more hours and
can be two to three times as high as the trough level (39,
44, 47). Different drugs peak in breast milk at different in-
tervals after a maternal dose, and this interval may vary
between patients taking the same drug (63, 69). The peak
drug level in the infant would be expected sometime after
the feeding that contains a peak or near-peak level in the
milk. Thus, one-time measurements may not accurately
reflect the extent of infant exposure to the drug. Using the
calculated area under the curve overcomes this problem
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TABLE 6. Relation of Antidepressant Levels in Infants’ Plasma to Maternal Plasma and Breast Milk Levels for Breast-Feed-
ing Mother-Infant Pairs in 57 Studies

Ratio of Infant Plasma to Maternal Plasma
Standardized Infant Plasma Level? Level Ratio of Infant Plasma

to Breast Milk Level

Elevated Elevated

Level Ratio® Ratio Ratio® Ratio
Antidepressant N Mean Range N % N Mean¢ Range N % N Meand Range
Amitriptyline 4 0.00 0 0 4 0.00 0 0 3 0.00
Bupropion 1 0.00 0 0 1 0.00 0 0 1 0.00
Citalopram 12 0.03 0.00-0.13 2 17 5 0.07 0.03-0.17 1 20 5 0.04 0.02-0.06
Clomipramine 4 0.02 0.00-0.08 0 0 3 0.04 0.00-0.11 1 33 0
Desipramine 5 0.00 0 0 1 0.00 0 0 1 0.00
Dothiepin 3 0.12 0.00-0.37 1 33 1 0.00 0 0 1 0.00
Doxepin 1 0.00 0 0 1 0.00 0 0 1 0.00
Fluoxetine 36 0.06 0.00-0.63 8 22 22 0.07 0.00-0.59 4 18 5 0.04 0.00-0.19
Fluvoxamine 4 0.02 0.00-0.05 0 0 3 0.16 0.00-0.45 1 33 2 0.18 0.00-0.36
Imipramine 2 0.00 0 0 0 0
Nortriptyline 36 0.01 0.00-0.10 0 0 32 0.01 0.00-0.24 1 3 0
Paroxetine® 47 0.01 0.00-0.66 1 2 40 0.00 0 0 27 0.01 0.00-0.20
Sertraline 60 0.02 0.00-0.14 4 7 53 0.02 0.00-0.15 3 6 5 0.00
Venlafaxinef 5 0.00 0 0 5 0.00 0 0 3 0.00

2 Each infant blood level was divided by the average of all maternal plasma levels for that medication.

b Elevated was defined as above 0.10.

¢ Significant difference among mean ratios (ANOVA: F=2.68, df=12, 158, p<0.05).

dSignificant difference among mean ratios (ANOVA: F=2.08, df=10, 43, p<0.05).

€ The values for paroxetine are skewed by one 5-day-old infant with prenatal exposure and an elevated plasma level: all other paroxetine in-
fant levels were zero (see text).

f Metabolites are not included in this analysis. The infant levels of venlafaxine were all zero, but infant levels of the metabolite O-desmethyl-
venlafaxine were substantial.

TABLE 7. Correlations of Antidepressant Levels in Infants’ Plasma With Mother’s Dose, Mother’s Plasma Level, Breast Milk
Level, and Infant Age Among Breast-Feeding Mother-Infant Pairs in 57 Studies

Pearson Correlation With Infant Plasma Level?

Maternal Dose Maternal Plasma Level Breast Milk Level Infant Age
Antidepressant N r N r N r N r
Citalopram 5 0.99% 5 0.69 5 0.91% <5 —
Fluoxetine 30 0.28 22 0.08 5 0.93* 36 -0.17
Nortriptyline 34 0.01 32 -0.28 <5 — 35 -0.17
Paroxetine® 47 0.28 42¢ —_ 29 0.72* 47 -0.20
Sertraline 60 0.27* 53 0.63* <5 — 56 -0.11
Overalld 176 0.31* 154 0.21* 44 0.55* 178 -0.12

@ Correlations are shown only for antidepressants for which five or more mother-infant pairs were reported. Data on medications with fewer
than five observations were included in the overall correlation.

b The correlations for paroxetine are skewed by one 5-day-old infant with an elevated plasma level (31.4 ng/ml) who had prenatal exposure
and exposure to high levels of paroxetine in the breast milk (153 ng/ml versus an average of 28 ng/ml in the breast milk from the mothers
of the other four infants with measurable levels). All other paroxetine infant levels were zero (see text).

¢ There were 42 mother-infant pairs; the infant level was zero for every pair. Thus, Pearson’s correlations could not be calculated.

dThe dose of a given medication was divided by the typical dose for that medication before computation of the overall correlation. Infants
were excluded from the overall correlation if they were exposed to a medication for which no infants had elevated blood levels.

*p<0.05.

but requires obtaining multiple samples from the same levels in some infants, but additional data are needed be-
patient during a dosing interval. We are not aware of any fore firm conclusions can be drawn. Current knowledge
study of multiple infants that has determined the area un- does not support clinical monitoring of maternal plasma
der the curve of an infant’s blood level. Given the logistics or breast milk antidepressant levels in an attempt to esti-
involved and quantity of blood that would be required, itis  mate individual infant plasma levels. Further research is
unlikely this will be done. needed before we can be confident that antidepressant
Conclusions exposure produces no significant long-term risks to the

According to currently available data, breast-feeding in- infant; however, on the basis of current knowledge, breast-

fants exposed to nortriptyline, paroxetine, or sertraline are feeding women may reasonably choose to use antidepres-
unlikely to develop detectable or elevated plasma drug ~ sants. In order to clarify factors influencing infant expo-
levels, while infants exposed to fluoxetine appear to be at sure to antidepressants through breast milk, investigators
higher risk of developing elevated levels, especially follow- in future studies must measure infant levels and report
ing prenatal exposure. Citalopram may produce elevated relevant information such as the history of prenatal expo-

Am | Psychiatry 161:6, June 2004 http://ajp.psychiatryonline.org 1075



ANTIDEPRESSANT LEVELS IN NURSING INFANTS

sure, infant age, infant weight, and concomitant use of
other medications.

Infant drug levels are just one factor potentially affect-
ing the infant. Given the paucity of published reports of in-
fant drug levels, the lack of studies that consistently take
into account the many factors potentially influencing
drug levels, and the numbers of women who may benefit
from antidepressants during the time that breast-feeding
is recommended, larger studies are imperative in the fu-
ture in order to be able to give nursing mothers the best
possible advice concerning use of and potential effects of
antidepressants.

Because rare, adverse effects may not have been picked
up by the small numbers of case reports and published
studies, nursing mothers choosing to use antidepressants
should be alert to subtle changes or worrisome infant be-
haviors, such as irritability, poor feeding, or uneasy sleep,
that may indicate adverse infant effects from maternally
ingested medication. Infants born prematurely and those
with impaired metabolite efficiency are likely to have
higherlevels and should be watched closely for side effects.
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