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Abstract

Depression is common in pregnant women. However, the rate of antidepressant treatment in 

pregnancy is significantly lower than in non-pregnant women. Although some antidepressants 

may cause potential risks to the fetus, not treating or withdrawing the treatment is associated 

with relapsing and adverse pregnancy outcomes such as preterm birth. Pregnancy-associated 

physiologic changes can alter pharmacokinetics (PK) and may impact dosing requirements during 

pregnancy. However, pregnant women are largely excluded from PK studies. Dose extrapolation 

from the non-pregnant population could lead to ineffective doses or increased risk of adverse 

events. To better understand PK changes during pregnancy and guide dosing decisions, we 

conducted a literature review to catalog PK studies of antidepressants in pregnancy, with a focus 

on maternal PK differences from the non-pregnant population and fetal exposure. We identified 

40 studies on 15 drugs, with most data from patients taking selective serotonin reuptake inhibitors 

(SSRIs) and venlafaxine. Most of the studies have relatively poor quality, with small sample 

sizes, reporting concentrations at delivery only, large amount of missing data, not including 

times and adequate dose information. Only four studies collected multiple samples following a 

dose and reported PK parameters. In general, there are limited data available regarding PK of 

antidepressants in pregnancy and deficiencies in data reporting. Future studies should provide 

accurate information on drug dosing and timing of dose, PK sample collection and individual-level 

PK data.
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INTRODUCTION

Women, especially those of childbearing age, disproportionally suffer from mental health 

conditions such as depression and anxiety. The overall prevalence of depression ranges 

from 6.9%–20% in pregnant women,3–8 and is often associated with co-occurring anxiety 

or other mental health problems.9 In the U.S., 39.6% of pregnant women with major 

depressive episodes were treated with prescription drugs from 2005–2009.10 However, 

the 2001–2002 U.S. National Epidemiologic Survey on Alcohol and Related Conditions 

reported that the rate of pharmacotherapy use for mood disorders in pregnant women 

(14.3%) was significantly lower than in non-pregnant women (25.5%).9 Reduced treatment 

during pregnancy may be due to perception that pharmacologic treatments for mental health 

disorders lead to adverse fetal outcomes. Practitioners may also reduce doses of drugs to 

decrease fetal exposure.

Pharmacokinetic (PK) studies provide information to guide clinical dosing. Pregnancy 

related physiologic changes such as increased hepatic and renal blood flow, decreased 

plasma albumin concentration, changes of body composition and altered metabolic enzyme 

activity lead to changes in PK.13 However, data are limited due to small sample sizes and 

practical and ethical concerns with conducting clinical studies in pregnant women.14 As 

pregnant women are largely excluded from clinical trials, dosing is based on extrapolation 

from non-pregnant populations, which could lead to ineffective doses or higher risk of 

adverse reactions.

This issue is particularly important for the treatment of mood disorders in pregnancy. While 

some antidepressants have been associated with postnatal adaptation syndrome (PNAS) 

or increased risk of malformation,12,15–18 other studies have shown that associations with 

neurodevelopmental disorders and cardiac defects are not significant after adjusting for 

confounding factors.19,20 Additionally, withholding or withdrawing antidepressant treatment 

also poses a threat to maternal and fetal health. The discontinuation of antidepressants 

during pregnancy is associated with a significantly higher risk of relapsing to major 

depression during pregnancy compared to women who continue therapy (68% vs. 26%).21 

Untreated mood disorders have been associated with higher rates of adverse pregnancy 

outcomes such as preterm birth.22 To balance fetal safety and maternal mental health, an 

understanding of PK changes during pregnancy is critical to guide dosing decisions.

The objective of this review is to catalog PK studies of antidepressants in pregnancy 

with a focus on maternal PK changes during pregnancy and fetal exposure. We also 

identify limitations of published literature and gaps in current knowledge. While safety of 

medications in mother and fetus is also important to guide antidepressant dosing in pregnant 

women, it is out of the scope of this review. Interested readers are referred to recent reviews 

regarding neonatal outcomes following antidepressant therapy.23–25
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METHODS

Search strategy

The entire PubMed database (search date May 20, 2020, updated on Oct 24, 2022) was 

queried for studies utilizing the search terms “pharmacokinetic, pregnancy” and individual 

drug names or classes for antidepressants including sertraline, fluoxetine, paroxetine, 

citalopram, escitalopram, fluvoxamine, selective serotonin reuptake inhibitor (SSRI), 

venlafaxine, desvenlafaxine, duloxetine, milnacipran, viloxazine, levomilnacipran, serotonin 

and norepinephrine reuptake inhibitor (SNRI), trazodone, nefazodone, serotonin agonist 

and reuptake inhibitor (SARI), clomipramine, nortriptyline, imipramine, amitriptyline, 

desipramine, doxepin, amoxapine, maprotiline, protriptyline, trimipramine, tricyclic 

antidepressant, bupropion, mirtazapine, vilazodone, esketamine, vortioxetine, isocarboxazid, 

phenelzine, tranylcypromine, and monoamine oxidase inhibitor (MAOI). The search was 

limited to humans and English language. Titles and abstracts of identified studies were 

screened by two authors and potentially relevant articles were retrieved in full text for 

review. Exclusion criteria included in vitro studies, animal models, or placental perfusion 

models; studies specific to lactation; those that did not contain primary PK data in 

pregnancy; and review articles. Additionally, relevant articles identified in reference lists 

of retrieved papers but not flagged in the initial search were added.

Data extraction

Relevant study information was extracted from each article including drug(s) and dosage(s) 

studied, number and characteristics of the study population, and any reported PK parameters 

including individual plasma or cord blood concentrations, maximum plasma concentration 

(Cmax), area under the concentration-time curve (AUC), half-lives, apparent clearance (CL), 

apparent volume of distribution (V), or cord blood: maternal plasma (C/M) ratios. Study 

data are generally reported with summary descriptive statistics. Where possible, similarly 

reported PK data were synthesized or reported together. Drugs were classified by their 

mechanisms of action and ranked by the number of available studies. Information on 

individual drugs is summarized in text and tables in chronological order. Data relating to 

concentrations of drug in breast milk were not included.

RESULTS

Forty publications on 15 antidepressants studied in 961 pregnant women were identified 

(Supplementary Tables 1 and 2). Seventeen manuscripts contained PK data for multiple 

drugs.26–42 No information was found regarding PK of desvenlafaxine, milnacipran, 

viloxazine, levomilnacipran, nefazodone, desipramine, doxepin, amoxapine, maprotiline, 

protriptyline, trimipramine, vilazodone, esketamine, vortioxetine, isocarboxazid, phenelzine, 

and tranylcypromine in pregnancy. Table 1 and Supplementary Table 3 summarize findings 

for each drug. Only six studies reported PK parameters such as AUC, CL, or V. Four studies 

collected samples at multiple timepoints following a single dose. Ten studies reported 

information at delivery only. Eight studies were case reports with only one patient for each 

drug. Below we provide detailed findings for individual antidepressants.
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Selective serotonin reuptake inhibitors

Sertraline—Eight studies determined cord and maternal plasma concentrations of 

sertraline at time of delivery and six also reported N-desmethylsertraline concentration 

(Table 2).28,29,31,36,38 C/M ratios for sertraline ranged from 0.1–1.6, and N-

desmethylsertraline C/M ratios ranged from 0.1– 4.

Maternal plasma and amniotic fluid concentrations were reported in three studies.28,33,43 

Hostetter et al. measured sertraline and N-desmethylsertraline serum and amniotic fluid 

concentrations in a 40-year-old patient at 17 weeks’ gestation treated with 150 mg/day 

sertraline monotherapy.28 The patient underwent an amniocentesis 1 hour after sertraline 

administration. Serum concentrations of sertraline and N-desmethylsertraline were 53 

ng/mL and 349 ng/mL, respectively. Amniotic fluid concentrations of drug and metabolite 

were less than 5% of serum concentrations: <2.0 ng/mL and 19 ng/mL, respectively. At 37.6 

weeks’ gestation, increased depressive symptoms led to a dose increase to 175 mg daily. 

Loughhead et al. reported this case along with 5 additional cases of women receiving an 

average daily dose of 130 mg (50–250 mg).33 At gestational ages of 14.7–21.7 weeks (n=4), 

the mean maternal serum concentration corrected to 50 mg daily dose was 39.78±13.26 

ng/mL for sertraline and 71.12±15.27 ng/mL for desmethylsertraline. The mean amniotic 

fluid/maternal serum ratio was 11.78±15.11% for sertraline and 14.18±12.38% for N-

desmethylsertaline. Maternal serum parent and metabolite concentrations (corrected to 50 

mg) in one subject measured at 36.4 weeks were 33.33 and 68 ng/mL, respectively, with an 

amniotic fluid/maternal serum ratio of 4% for sertraline and 2% for the metabolite. Paulzen 

et al. reported higher amniotic fluid ratios (median [IQR] 0.57 [0.28–0.75]) of sertraline 

at delivery in six mother-infant pairs,43 with median (IQR) sertraline concentrations of 8.9 

(4.38–11.0) ng/mL in amniotic fluid.

Colombo et al. studied 24 pregnant women treated with sertraline (50–150 mg/day).40 

Maternal plasma samples were collected in the third trimester, and both maternal and 

umbilical plasma samples were collected at delivery (Table 2), approximately 12 h after 

dosing. The median concentration/dose (C/D) ratios were 0.26 (0.11–0.43) (ng/mL)/(mg/

day) in the third trimester and 0.19 (0.08–0.71) (ng/mL)/(mg/day) at delivery. They also 

assessed the effect of CYP2C19 phenotype, finding median C/D ratio of sertraline at 

delivery in CYP2C19 intermediate (n=4) and poor metabolizers (n=2) (IM/PMs, 0.31 

(ng/mL)/(mg/day)) to be nonsignificantly higher than in ultra-rapid (n=4) and extensive 

(n=9) metabolizers (UM/EMs, 0.26 (ng/mL)/(mg/day). Campbell et al. collected serial 

maternal plasma samples up to 4.5h post-dose from two patients taking 125 and 200 mg 

sertraline at 36 weeks’ gestation.41 Dose-corrected maximum plasma concentrations were 

0.73 and 1.5 (ng/mL)/(mg/day).

Several longitudinal PK studies have been conducted for sertraline. Sit et al. studied six 

women receiving 50–200 mg/day sertraline.35 S-sertraline and N-desmethylsertraline plasma 

concentrations were determined at 20, 30, and 36 weeks’ gestation, at delivery, and at 2 

and 12 weeks postpartum. C/D ratio of S-sertraline decreased between 20 weeks’ gestation 

(0.5±0.4 (ng/mL)/(mg/day)) and 30 weeks’ gestation (0.3±0.2 (ng/mL)/(mg/day)). Dose-

corrected concentrations remained low through 2 weeks postpartum (0.3±0.1, 0.2 ± 0.1, 
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and 0.2±0.2 (ng/mL)/(mg/day) at 36 weeks’ gestation, delivery, and 2 weeks postpartum), 

increasing to 0.6±0.2 (ng/mL)/(mg/day) and 0.4±0.3 (ng/mL)/(mg/day) at 4–6 and 12 weeks 

postpartum, respectively. A corresponding increase in N-desmethylsertraline C/D (0.6±0.3 

and 0.8±0.3 (ng/mL)/(mg/day), at 20 and 30 weeks’ gestation) was observed. However, 

dose-corrected metabolite concentrations remained high through 12 weeks postpartum 

(0.9±0.7 (ng/mL)/(mg/day)).

Freeman et al. reported a 15.7% mean increase in oral clearance of sertraline but 

no significant difference in dose-corrected sertraline AUC in six patients between the 

second (10.34±6.19 ng/mL·h/mg) and third (9.41±4.98 ng/mL·h/mg) trimesters.44 Post-

partum dose-corrected AUC was 13.5±8.61 ng/mL·h/mg (n=3). Similarly, dose-corrected 

desmethylsertraline AUC was not significantly different between 2nd and 3rd trimester 

(26.48±24.8 and 29.94±23.55 ng/mL·h/mg, p=0.38) or postpartum (29.93±20.96 ng/mL·h/

mg).

Westin et al. fitted serum concentration data of sertraline from 34 women from a routine 

therapeutic drug monitoring service in Norway to linear mixed effects models to assess 

changes of serum antidepressant concentrations and metabolic ratios across pregnancy.39 

While authors did not note the actual dose taken, all concentrations were corrected to a 50 

mg daily dose. The model-predicted baseline (non-pregnant) serum sertraline concentration 

was 9.0 ng/mL and increased across gestation to 9.8, 12.2, and 15.1 (95%CI: 12.3–18.5) 

ng/mL at 6, 20, and 34 weeks’ gestation. During the third trimester (week 34), sertraline 

concentrations were 68% (p <0.001) higher than the baseline non-pregnant state. The ratio 

of sertraline/desmethylsertraline was significantly lower at 34 weeks’ gestation compared to 

nonpregnant (0.4 vs. 0.5, p <0.001).

A subset of nine mothers and seven infants enrolled in a double-blind placebo-controlled 

randomized clinical trial studying the short-term and long-term effects of sertraline 

(MAGDALENA) exposure during pregnancy on infants were included in a PK analysis.45 

The daily dose started from 25 mg and increased based on treatment response. The median 

(IQR) C/D ratios of sertraline trended lower in 2nd and 3rd trimesters, and the morning 

after delivery (0.15 (0.12–0.24), 0.19 (0.12–0.23), and 0.19 (0.15–0.25) (ng/mL)/(mg/day)) 

than at 1-month postpartum (0.25 (0.17–0.29) (ng/mL)/(mg/day)). Similar trends were 

observed for desmethylsertraline C/D ratios (0.49 (0.45–0.65) (ng/mL)/(mg/day) in the 

second trimester; 0.70 (0.47–0.74) (ng/mL)/(mg/day) in the third trimester, 0.46 (0.37–

0.62) (ng/mL)/(mg/day) the morning after delivery; and 0.69 (0.43–1.05) (ng/mL)/(mg/day) 

1-month postpartum).

Stika et al. evaluated sertraline and its metabolite concentrations across pregnancy and 

postpartum in 47 women.46 Maternal sertraline trough C/D ratios and parent to metabolite 

(S/DS) ratios were reported every 4 weeks, from 4–8 weeks’ gestation to >36 weeks’ 

gestation, and before and after 8 weeks postpartum. The sertraline C/D ratio at >36 weeks’ 

gestation (0.24±0.13 (ng/mL)/(mg/day)) was significantly lower than the within and after 

8 weeks postpartum ratios, 0.39±0.23 (p<0.0001) and 0.32±0.2 (p=0.0012) (ng/mL)/(mg/

day). The sertraline C/D ratios throughout pregnancy were not significantly different from 

those >36 weeks’ gestation, with the exception of 24–28 weeks’ gestation (0.32±0.2, 
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p=0.004). There was a trend of decreasing S/DS ratio during pregnancy from 0.49±0.22 

to 0.32±0.1 with the highest S/DS ratio within 8 weeks postpartum (0.53±0.22). Genotypes 

of CYP2C19, 2C9, 2D6, and 3A5 were obtained from 46 subjects. The mean (95%CI) 

sertraline C/D ratio in CYP2C19 IM/PMs was higher than those in EMs and UMs after 8 

weeks postpartum, while lower than or similar to EMs and UMs during pregnancy. No other 

difference was observed among CYP2C9 and 2D6 phenotypes.

Leutritz et al. also reported a decreased exposure of sertraline in 11 patients during 

pregnancy.42 The daily dose of each patient was not reported. The mean C/D ratio was 

0.56 in the first trimester (n=1), 0.29 in the second trimester (n=4), and 0.39 in the third 

trimester (n=4). The mean ± SD C/D ratio was 0.43 ± 0.02 within 2 weeks postpartum (n=2) 

and 0.8 ± 0.79 after 2 weeks postpartum (n=8).

O’Brien et al. used a novel hair segmental analysis to assess the changes in metabolic ratios 

during pregnancy and postpartum period.37 In a woman taking sertraline (75 mg/day) the 

S/DS ratio was 5.8 in the first trimester and 3.5 in the third trimester.

Sertraline is metabolized by multiple enzymes, which are altered in different ways 

during pregnancy (e.g. increased CYP2B6, CYP3A4, and CYP2D6 activity but decreased 

CYP2C19 activity),13 making it difficult to predict the overall effect on sertraline 

concentrations. Four studies reported lower sertraline concentrations in late pregnancy 

compared to postpartum, though only one study demonstrated statistical significance.42,44–46 

In contrast, one study reported a significant increase in maternal sertraline concentrations 

during pregnancy and higher concentrations in the third trimester than in nonpregnant 

individuals.39 Lower metabolic ratios in late pregnancy were reported in two studies, one 

also showing a trend of decreasing metabolic ratios throughout pregnancy.39,46 One study 

reported lower or similar sertraline concentrations in CYP2C19 IM/PM during pregnancy 

compared to postpartum than in UM/EM, suggesting decreased CYP2C19 activity among 

UM/EM during pregnancy.46

Fluoxetine—Maternal plasma and cord blood fluoxetine concentrations were reported in 

seven studies and six of them also reported norfluoxetine concentrations (Table 3). The C/M 

ratio ranged from 0.32 to 1.36 for fluoxetine and from 0.12 to 1.6 for norfluoxetine.

Loughhead et al. studied 12 women taking a mean daily dose of 39 mg (20–80 mg) 

fluoxetine.33 All samples were collected between 14.1–19 weeks’ gestation, except one at 

gestational week 38.6. The mean maternal serum concentration corrected to 40 mg daily 

dose was 237.28±126.93 ng/mL for fluoxetine and 236.78±137.38 ng/mL for norfluoxetine 

in the second trimester. The amniotic fluid concentration as a percentage of maternal serum 

was 9.01±7.02% for fluoxetine and 12.88±11.6% for norfluoxetine.

Several studies reported fluoxetine and norfluoxetine concentrations in the third trimester. 

Loughhead included one subject measured at gestational week 38.6 whose maternal serum 

parent and metabolite concentrations (corrected to 40 mg daily dose) were 128 and 288 

ng/mL for fluoxetine and norfluoxetine, respectively.33 The amniotic fluid as a percentage of 

maternal serum was 17.2% for fluoxetine and 18.1% for norfluoxetine.
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Heikkinen et al. reported trough plasma concentrations of fluoxetine and norfluoxetine in 

11 women receiving 20–40 mg/day fluoxetine at 36–37 weeks’ gestation, at delivery, and 

postpartum.47 Plasma fluoxetine concentrations were lower during pregnancy (152±107 

nmol/L at 36–37 weeks’ gestation) and during the first week postpartum (154±109 nmol/L 

on day 2 and 183±122 nmol/L on day 4) than at 2 weeks (338±166 nmol/L, p <0.05) and 

2 months (388±190 nmol/L, p <0.05) postpartum. In contrast, norfluoxetine concentrations 

were not significantly different between pregnancy and postpartum: 364±73 nmol/L during 

pregnancy, 310±102 nmol/L at delivery, 274±85 nmol/L postpartum day 2, 281±87 nmol/L 

postpartum day 4, 365±109 nmol/L 2 weeks postpartum, and 310±161 nmol/L 2 months 

postpartum (p>0.05). However, concentrations were not dose-corrected, and it is unclear 

whether doses were adjusted during or after pregnancy.

Laine et al. conducted a prospective study in ten women taking 20–40 mg fluoxetine 

daily.30 They reported the sum of fluoxetine and norfluoxetine concentrations. Trough 

concentrations in the third trimester had a mean (range) of 468 nmol/L (317–692 nmol/L). 

The mean umbilical vein concentration was 278 nmol/L (209–366 nmol/L) at delivery. 

Infant plasma concentrations were 319 nmol/L (151–573 nmol/L) 2 days postpartum and 

153 nmol/L (58–345 nmol/L) 2 weeks after delivery.

Kim et al. evaluated the plasma concentrations of R- and S-fluoxetine and norfluoxetine 

in 9 women taking 10–30 mg fluoxetine daily during the third trimester and at delivery.48 

Mean (95%CI) R-fluoxetine concentrations were 20 (7.3–32.7) μg/L and 10.9 (6.3–15.5) 

μg/L during the third trimester and at delivery, respectively. S-fluoxetine concentrations were 

reported as 41.0 (13.7–68.3) and 27.7 (8.4–47) μg/L; R-norfluoxetine concentrations were 

32.6 (19.8–1.19) and 22.4(15.8–29.0); and S-norfluoxetine concentrations were 80.6 (41.8–

119.3) and 52.2 (24.4–80.0) μg/L.

Colombo reported the fluoxetine concentration following 30 mg daily dosing in the third 

trimester in a patient genotyped as a CYP2D6 IM to e 346.8 ng/mL.40

Campbell described PK of 3 patients treated with fluoxetine at doses of 20, 60 and 80 

mg daily.41 The mean ± SE AUC0–4.5h was 3221±1919 (ng/mL)*h and Cmax was 613±342 

ng/mL following dosing at 36 weeks’ gestation. However, fluoxetine had not reached Cmax 

by 6–8 hours post dose.

Three studies assessed PK of fluoxetine longitudinally across pregnancy. Westin et 

al. studied on 41 pregnant women receiving fluoxetine (dose not reported).39 Serum 

concentrations were dose-corrected to 20 mg/day and reported as a sum of fluoxetine and 

norfluoxetine concentrations. No trend was observed in the summed serum concentrations 

of fluoxetine and norfluoxetine at baseline, 6, 20, and 34 gestational weeks (167.1, 

163.2, 154.4, and 146.1 (95%CI: 107.4–198.8) ng/mL, p=0.39). The ratio of fluoxetine/

norfluoxetine at gestational week 34 was 0.6, which was significantly lower than that at 

baseline (1.0, p=0.01).

Sit et al. studied 17 pregnant women taking a stable dose of fluoxetine (10–80 mg daily) for 

at least 4 weeks.49 Maternal plasma was collected 15–23 hours post dose at weeks 20, 30, 

36, delivery, and postpartum. Two analytical methods were used: a chiral method capable 

Yue et al. Page 7

J Clin Pharmacol. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of separating R- and S-fluoxetine and R- and S-norfluoxetine (n=9); and a racemic method 

(n=8). Total drug concentrations (bound plus unbound) were assessed. The authors provided 

individual dose and plasma fluoxetine and norfluoxetine (racemic or individual enantiomers) 

for each woman in a supplemental table. Racemic norfluoxetine C/D ratios decreased from 

30 weeks’ gestation (4.7±2.0 (ng/mL)/(mg/day)) to delivery (2.1±0.9 (ng/mL)/(mg/day), 

p=0.0491). C/D ratios of S-fluoxetine and total chiral fluoxetine increased significantly 

between 36 weeks’ gestation (2.7± 3.7 and 3.5± 4.9 (ng/mL)/(mg/day)) and 12 weeks 

postpartum (5.7± 2.7 and 7.0± 2.9 (ng/mL)/(mg/day), p=0.016 and 0.0255). When measured 

using the chiral assay, the parent to metabolite ratios indicated that fluoxetine clearance 

increased during pregnancy (1.0±0.7 at week 20, 0.9±0.8 at week 30, 0.6±0.8 at week 36, 

1.4±0.7 at 12 weeks postpartum, p=0.001). However, this increase was not observed in 

subjects in which racemic fluoxetine was measured.

Carvalho et al. investigated the pharmacokinetics and placental transfer of a single 20 mg 

oral dose of racemic fluoxetine in 9 subjects.50 In the third trimester, the median (IQR) CL/F 

was 0.66 (0.52–1.16) L/h*kg for R-fluoxetine and 1.45 (0.63–3.24) L/h*kg for S-fluoxetine. 

The median (IQR) elimination half-life of R- and S-fluoxetine was 24.72 (18.07–34.56) h 

and 17.19 (9.73–22.20) h. The AUC of S-norfluoxetine was significantly greater than for R-

norfluoxetine (942.7 vs. 498.6 ng*h/mL, p<0.05). At delivery, fluoxetine and norfluoxetine 

enantiomers were measured in the maternal vein plasma, umbilical vein plasma, intervillous 

space and amniotic fluid. Samples were collected, on average, 198 min after fluoxetine 

administration. The umbilical vein/maternal vein ratio of R-fluoxetine was significantly 

lower than that of S-fluoxetine (0.33 vs 0.44, p=0.0039). The intervillous space/ maternal 

vein ratio and amniotic fluid/ maternal vein ratio were 1.28 and 0.08 for R-fluoxetine and 

1.30 and 0.08 for S-fluoxetine, respectively. There were no significant differences between 

norfluoxetine enantiomers.

In the O’Brien study evaluating metabolic ratios of antidepressants in hair, one patient was 

taking fluoxetine.37 At a fluoxetine dose of 30 mg/day, the ratio of fluoxetine/norfluoxetine 

was 14 in the first trimester and decreased to 5.4 in the third trimester.

While no study found a significant effect, fluoxetine concentrations tended to decrease 

during pregnancy compared to postpartum or nonpregnant individuals.39,47,49 The metabolic 

ratio also decreased during pregnancy, indicating increased metabolism, which may be 

related to an increase of CYP2D6 activity.37,39,49 The disposition and metabolism of R- and 

S- enantiomer were different, as expected due to differential metabolism.48–50

Paroxetine—Four studies of paroxetine reported maternal plasma and cord blood 

concentrations at delivery (Table 5). The range of paroxetine C/M ratio was 0.05–0.91.

First-trimester concentrations of paroxetine in plasma and amniotic fluid were reported 

by Loughhead et al.33 In a woman receiving a 20 mg daily dose studied at 16.7 weeks’ 

gestation, the paroxetine concentration was 39 ng/mL in maternal serum. The amniotic fluid 

paroxetine concentration was below the limit of quantification (<2 ng/mL). Another woman 

who was taking a 40 mg daily dose, was studied at 16.1 weeks’ gestation. The concentration 

of paroxetine was 14 ng/mL in maternal serum and 3 ng/mL in amniotic fluid.
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Oberlander et al. reported paroxetine concentrations in maternal plasma and cord blood in 

patients treated with paroxetine alone or in combination with clonazepam.51 The authors 

reported that infant withdrawal symptoms were associated with higher concentrations of 

paroxetine in maternal plasma during the 3rd trimester and at delivery in patients co-treated 

with clonazepam. Mean infant cord blood concentrations were less than 40% of maternal 

delivery concentrations for all groups. However, the evaluation of pharmacokinetics of 

paroxetine are limited by the wide range of doses administered (5–40 mg/day) and lack of 

information on when blood draws were obtained after dosing.

Two studies evaluated concentrations of paroxetine in the third trimester. Colombo studied 

11 women taking paroxetine with a median daily dose of 20 mg (10–25 mg)40. Maternal 

paroxetine plasma concentrations were measured in 4 subjects during the third trimester. 

Only two of them were above the limit of quantification (LOQ, 5 ng/mL) at 10.3 and 41.9 

ng/mL. For the 4 out of 10 quantifiable maternal plasma concentrations at delivery, the 

mean ± SD was 23.73±17.55 ng/mL. Only 3 of 8 umbilical plasma concentrations were 

above LOQ, with mean ± SD of 7.3±4.2 ng/mL and C/M ratio of 0.265 ± 0.108. CYP2D6 

genotype and phenotype information were available from 8 women, including 1 PM, 2 IM 

and 5 EM. The median C/D ratio was 2.56 (ng/mL)/(mg/day) for IM and PM, and 0.37 

(ng/mL)/(mg/day) for EM at delivery. Campbell et al. reported PK in two women at 36 

weeks’ gestation, taking 20 and 30 mg paroxetine daily.41 The mean ± SE AUC0–4.5h was 

125±66 (ng/mL)*h and Cmax was 24±5.2 ng/mL.

Only two studies captured longitudinal data on paroxetine concentrations 

throughout pregnancy, both demonstrating significantly decreased dose-corrected plasma 

concentrations. Ververs et al. collected plasma samples longitudinally throughout pregnancy 

from 74 women.52 A total of 190 plasma paroxetine concentrations were included in 

a linear mixed effects model including CYP2D6 genotype, gestational age, dose, and 

interaction terms for genotype with gestational age and dose. In CYP2D6 EMs, the 

plasma concentrations of paroxetine significantly decreased as gestational age increased 

(−0.3 μg/L per week, p = 0.014). Conversely, in IMs and PMs, plasma concentrations 

increased with increasing gestational age (0.57 μg/L per week, p<0.001). However, in 

both groups the Edinburgh Postnatal Depression Scale (EPDS) scores increased during 

pregnancy, indicating a worsening of depression symptoms, with IM/PMs having higher 

EPDS scores than the EM group. Westin et al. found a significant decrease in paroxetine 

concentrations across pregnancy in 19 women.39 After dose-correcting to 20 mg, the serum 

paroxetine concentrations were 33.5, 29.6, 22.1, and 16.5 (95%CI: 11.5–23.6) ng/mL when 

non-pregnant, at 6, 20, and 34 gestational weeks (p≤0.001). Paroxetine concentrations were 

51% lower in the third trimester compared to non-pregnant.

Overall, it is clear that paroxetine concentrations are significantly decreased during 

pregnancy, which may be attributed to the increased clearance through CYP2D6.39,52 One 

study showed that this effect depends on CYP2D6 genotypes, with decreased exposure in 

EMs and increased in IMs and PMs.52

Citalopram—The results of five studies reporting maternal and cord plasma concentration 

at delivery of citalopram are summarized in Table 4. The average C/M ratio was 0.56–0.83. 
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Three studies measured the concentration of the active metabolite, finding an average C/M 

ratio of N-desmethylcitalopram of 0.57–0.86.29,36,38

Longhhead studied a patient at 17 weeks’ gestation taking 50 mg/day citalopram 

with a serum citalopram concentration of 262 ng/mL.33 The amniotic fluid citalopram 

concentration was 94 ng/mL, 35.9% of the maternal serum concentration.

Laine et al. determined citalopram concentrations in 10 pregnant women taking 20–40 mg 

daily during pregnancy.30 The mean maternal plasma trough citalopram concentration was 

99.8 nmol/L (58–214 nmol/L) in the third trimester. The average duration of pregnancy was 

39.1 (35.9–41.6) weeks. At delivery, the mean cord blood concentration of citalopram was 

82 nmol/L (35–217 nmol/L). The mean infant plasma trough citalopram concentration was 

50.7 nmol/L (23–95 nmol/L) on day 2 postpartum and 8.5 nmol/L (0–20 nmol/L) 2 weeks 

after delivery.

Two women taking 20 mg/day citalopram were included in the Colombo study.40 One was a 

CYP2C19 EM with maternal citalopram plasma concentration in the third trimester of 90.2 

ng/mL. The other was a CYP2C19 IM with a plasma concentration of 14.9 ng/mL in the 

third trimester and 9.3 ng/mL at delivery. The umbilical plasma concentration of citalopram 

was 5.5 ng/mL and the C/M ratio was 0.59.

Five subjects took 40–60 mg citalopram daily at gestational week 36 in the Campbell 

study.41 The mean±SE AUC0–4.5h was 906±271 (ng/mL)*h and Cmax was 274±92 ng/mL.

Heikkinen et al. measured trough concentrations of citalopram and its metabolites 

desmethylcitalopram and didesmethylcitalopram corrected to 20 mg daily dose in 11 

pregnant women taking 20–40 mg citalopram once daily.53 Maternal plasma concentrations 

remained stable from 20–37 weeks’ gestation: 25.3±6.8 μg/L at 20–24 weeks; 24.4±5.9 

μg/L at 28–32 weeks; and 25.0±8.1 μg/L at 36–37 weeks. Dose-corrected citalopram 

concentrations obtained two weeks and two months after delivery were 45.8±8.1 μg/L 

and 42.9±16.2 μg/L, respectively. The desmethylcitalopram/citalopram ratio was 23% 

higher (p value=0.008), and didesmethylcitalopram/desmethylcitalopram ratio was 54% 

higher (p<0.001) during pregnancy compared to two months postpartum. C/M ratios of 

citalopram, desmethylcitalopram, and didesmethylcitalopram were 0.64, 0.66, and 0.68, 

respectively. No significant differences were found between umbilical artery and umbilical 

vein concentrations.

Sit et al. studied three women taking 20–40 mg racemic citalopram daily.35 The C/D ratios 

of S- and R-citalopram were 0.7±0.1 and 1.4±0.2 (ng/mL)/(mg/day) at 20 weeks’ gestation, 

0.7±0.4 and 1.2±0.4 (ng/mL)/(mg/day) at 30 weeks, 0.4±0.1 and 0.8±0.1 (ng/mL)/(mg/day) 

at 36 weeks, 0.3 and 0.5 (ng/mL)/(mg/day) at delivery. C/D ratios increased postpartum to 

1.4 and 2.5 (ng/mL)/(mg/day) at 2 weeks postpartum and 0.5±0.2 and 1.3±0.8 (ng/mL)/(mg/

day) at 12 weeks postpartum. The primary metabolites, S- and R- desmethylcitalopram, 

followed similar trends, decreasing during pregnancy then increasing after delivery. The 

C/D ratios of S- and R- desmethylcitalopram were 0.3±0.1 and 0.4±0.1 (ng/mL)/(mg/day) 

at week 20, 0.4±0.2 and 0.4±0.1 (ng/mL)/(mg/day) at week 30, 0.2±0.02 and 0.3±0.03 

(ng/mL)/(mg/day) at week 36, 0.1 and 0.1 (ng/mL)/(mg/day) at delivery, 0.4 and 0.5 

Yue et al. Page 10

J Clin Pharmacol. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(ng/mL)/(mg/day) at 2 weeks postpartum, 0.3±0.1 and 0.4±0.2 (ng/mL)/(mg/day) at 12 

weeks postpartum.

Westin et al. analyzed therapeutic drug monitoring data of 58 women who took citalopram 

during pregnancy.39 The serum concentration, corrected to 20 mg doses, was 30.4 ng/mL at 

baseline (non-pregnant) and decreased to 28.9, 25.8 and 23.0 (95%CI: 18.7–28.2) ng/mL at 

6, 20 and 34 gestational weeks (p=0.007). The citalopram/desmethylcitalopram ratio was not 

significantly different between baseline and gestational week 34 (2.6 vs 2.3, p=0.16).

Leutritz et al. reported citalopram C/D ratios in 4 women during and after pregnancy.42 The 

mean C/D ratio was 1.71 in the first trimester (n=1), 1.75 in the second trimester (n=2), 

and 1.76 in the third trimester (n=1). After 2 weeks postpartum, the C/D ratio in one of the 

patients was 2.63.

O’Brien et al. measured the metabolic ratio of citalopram in hair of 4 pregnant women 

receiving 30 to 60 mg daily doses.37 The mean citalopram/ desmethylcitalopram ratios were 

significantly lower in the first (0.89±0.26, p=0.022) and third (0.9±0.14, p=0.048) trimesters 

than postpartum (1.4±0.24).

Citalopram concentrations were generally lower during pregnancy compared to postpartum 

or non-pregnant individuals. However, only one study reported this as statistically 

significant.39 The trend throughout pregnancy and alteration of metabolic ratio were not 

consistent between studies.

Escitalopram—Escitalopram maternal plasma and cord blood concentrations at delivery 

were reported in three studies (Table 6). Two studies also reported N-desmethylescitalopram 

concentrations (Table 6). The range of C/M ratio was 0–0.91 for escitalopram and 0.66–0.8 

for the metabolite.

One woman was taking escitalopram (5 mg daily) in the Loughhead study.33 At 15.4 

weeks’ gestation, the amniotic fluid concentration of escitalopram was 17.6% that of serum 

escitalopram concentration (3 ng/mL vs. 17 ng/mL).

Colombo et al. reported plasma concentrations from patients in the third trimester.40 Two 

were below the limit of quantification (5 ng/mL). The other two were 21.8 and 68.8 ng/mL. 

Among the five women with CYP2C19 genotype and phenotype information, there were 2 

EMs and 3 IMs. The median C/D ratios at delivery were 0.63 (ng/mL)/(mg/day) for EMs 

and 3.63 (ng/mL)/(mg/day) for IMs.

Sit et al. reported decreased concentrations of escitalopram in two women studied during 

pregnancy.35 One subject taking a 10 mg daily dose had escitalopram plasma concentrations 

of 17, 10, and 13 ng/mL of escitalopram at 20, 30, and 36 weeks’ gestation, 14 ng/mL 

at delivery, and 24 ng/mL at 2 weeks postpartum. Another subject received a 20 mg daily 

dose with escitalopram concentrations of 58, 70, and 67 ng/mL at 20, 30, and 36 weeks’ 

gestation, 95 ng/mL at 2 weeks postpartum, and 63 ng/mL at 12 weeks postpartum.
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In the Westin study, 95 women took escitalopram during pregnancy.39 After correcting to 

a 10 mg daily dose, the estimated serum escitalopram concentrations were 9.3, 9.4, 9.7, 

and 9.9 (95%CI: 8.0–12.3) ng/mL when non-pregnant, at 6, 20, and 34 gestational weeks. 

The trend of increase throughout pregnancy was not significant (p=0.55). The escitalopram/

desmethylescitalopram ratio at gestational week 34 was significantly higher than that at 

baseline (2.5 vs 1.8, p =0.012).

In the Leutritz study, 8 women were taking escitalopram but only one serum escitalopram 

concentration was reported in each trimester.42 The C/D ratio was 1.93, 1.47, and 0.6 in the 

first, second, and third trimester. Serum concentrations were available for 5 women after 2 

weeks postpartum with mean ± SD C/D ratio of 1.91±1.35.

One study reported a significantly higher escitalopram metabolic ratio in late pregnancy 

than at baseline, while no trend was observed for escitalopram or desmethylescitalopram 

concentrations.39 Other studies had limited sample size and showed no clear trend.

Fluvoxamine—Fluoxamine PK in pregnancy have only been reported in six 

women.28,36,38,39 Two of these only evaluated maternal and cord blood concentrations at 

delivery in a single woman, with the C/M ratio ranged from 0.08–0.78 (Table 7). Hostetter 

et al. reported a case of a 34-year-old white female taking fluvoxamine.28 At 16 weeks, the 

maternal serum fluvoxamine concentration was 41 ng/mL 18 hours after a 100 mg dose. 

Amniotic fluid obtained 20 hours after dosing contained 4 ng/mL of fluvoxamine. At 29 

weeks’ gestation, the daily dose of fluvoxamine was increased to 150 mg due to increased 

anxiety. Following a vaginal delivery at 40 weeks’ gestation, maternal serum and cord blood 

concentrations of fluvoxamine obtained 30 hours after a 150 mg dose were 7 ng/mL and 5 

ng/mL, respectively.

Westin et al. reported concentrations in three women taking fluvoxamine from a therapeutic 

drug monitoring service.39 After dose-correcting to 100 mg/day, the average concentration 

of fluvoxamine observed in the nonpregnant state was 117.9 ng/mL and decreased 

throughout gestation: 101.9, 72.5 and 51.6 (95%CI: 29.3–91.1) ng/mL in gestational weeks 

6, 20 and 34 (p=0.004).

Although the sample size was small, fluvoxamine concentrations showed trend of decreasing 

throughout pregnancy.28,39

Serotonin and norepinephrine reuptake inhibitors

Venlafaxine—Plasma concentrations at delivery have been reported in 15 women taking 

venlafaxine.36,31,38 A large variability in C/M ratio is noted between individuals and studies 

(range 0.14–2.41 for venlafaxine and 0.56–3.35 for O-desmethylvenlafaxine) (Table 8).

Loughhead studied 3 women taking venlafaxine at a mean daily dose of 200 mg (150–

225 mg).33 Maternal serum samples were collected within 14 days of amniocentesis (16–

36.6 weeks’ gestation). The average maternal serum concentrations of venlafaxine and 

O-desvenlafaxine were 50±16.4 ng/mL and 270.7±126.3 ng/mL. The average venlafaxine 

and O-desvenlafaxine concentrations in the amniotic fluid were 90±70.24 ng/mL and 
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777.67±773.91 ng/mL. The average amniotic fluid to maternal serum ratio of venlafaxine 

and its metabolite were 1.73±0.91 and 3.00±2.3.

Paulzen et al. reported venlafaxine and O-desmethylvenlafaxine concentration in nine 

mother-infant pairs on therapeutic drug monitoring (Table 8).54 The median (range) daily 

dosage was 75 mg (37.5–225 mg) and the time of measurement after last dose was 5 h 

(2.5–22 h). The maternal C/D ratios of venlafaxine and O-desmethylvenlafaxine at delivery 

were 0.13 (0.03–0.89) and 1.39 (0.6–3.75) (ng/mL)/(mg/day). Amniotic fluid samples were 

available from 5 subjects. The amniotic fluid: maternal plasma ratio was 2.01 (0.79–3.2) 

for venlafaxine and 2.81 (1.27–4.82) for O-desmethylvenlafaxine. There was no significant 

correlation between venlafaxine daily dose and total concentration of venlafaxine and 

metabolite in maternal plasma, cord blood, or amniotic fluid.

Seven pregnant women taking extended-release venlafaxine were included in the Colombo 

study.40 The median (range) daily dose was 75 mg (37.5–150 mg) and the maternal plasma 

venlafaxine concentration was 86.1 (37.6–245) ng/mL at the third trimester. Maternal 

and umbilical plasma concentrations at delivery are reported in Table 8. Genotype and 

expected phenotype were available from 6 women with one I/EM whose C/D ratio was 2.06 

(ng/mL)/(mg/day) and five EMs whose median C/D ratio was 1.15 (ng/mL)/(mg/day).

Campbell et al. reported venlafaxine pharmacokinetics in 11 women at 36 weeks’ 

gestation.41 Daily dose ranged from 75 mg to 262.5 mg. The mean±SE AUC0–4.5h was 

621±314 (ng/mL)*h and Cmax was 163±74 ng/mL.

Six studies reported longitudinal changes of venlafaxine PK throughout pregnancy. 

Hostetter et al. reported a case of a 40-year-old woman with a twin pregnancy 

taking 100mg venlafaxine twice daily.28 At 17 weeks’ gestation, the venlafaxine and O-

desmethylvenlafaxine concentrations were 16 ng/mL and 313 ng/mL 3 hours after maternal 

dose in the amniotic fluid. Venlafaxine dose was increased to 150 mg twice daily because 

of increased depression and irritability at 30 weeks’ gestation. At 36 weeks’ gestation, the 

patient had a cesarean section delivery of twins. The maternal and cord concentrations of 

venlafaxine and its metabolite at delivery (36 weeks’ gestation, 20 hours after maternal 

dose) were 335 and 97 ng/mL, respectively (Table 8).

Kiler et al. report a case of a 17-year-old female taking 300 mg quetiapine, 75 mg extended 

released venlafaxine and 150 mg extended released trazodone daily for bipolar disorder and 

sleep disorder.34 The plasma concentrations of the three drugs were closely monitored and 

AUC and elimination half-life in each trimester were reported. For venlafaxine, the AUC 

(2.5–11.5 h) was 147, 180 and 204 (ng/mL)*h in the first, second and third trimesters, 

respectively. Venlafaxine dose was increased to 150mg daily immediately postpartum and 

returned to 75 mg 4 months postpartum. The AUC (2.5–11.5 h) at 6 months postpartum was 

600 (ng/mL)*h. Elimination half-life of venlafaxine was calculated to be 8.7, 7.3, 3.2, and 

6.5 hours in the first, second and third trimester and at 6 months postpartum.

Venlafaxine and O-desmethylvenlafaxine plasma concentrations during pregnancy and in 

the postpartum period were determined in seven women treated with venlafaxine (37.5–

225 mg daily).55 The median venlafaxine/O-desvenlafaxine ratios were 1.5 (0.44–3.08), 
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2 (0.85–7.6), 3.3 (2.44–8.0), and 2.2 (0.57–9.20) in the first, second, third trimester, and 

3 months postpartum. A significant decrease of venlafaxine concentration (p=0.028) and 

significant increase of O-desmethylvenlafaxine/venlafaxine ratio (p=0.018) were observed 

during pregnancy compared to postpartum.

In the Westin study, 33 women received venlafaxine during their pregnancy (daily 

dose corrected to 100 mg).39 The total serum concentration of venlafaxine and O-

desmethylvenlafaxine was 141.8, 135.8, 122.9, and 111.2 (95%CI: 79.6–155.4) ng/mL at 

baseline, and gestational weeks 6, 20, and 34. The trend of decline was not significant 

(p=0.16). The metabolic ratio of venlafaxine/O-desmethylvenlafaxine was not significantly 

different in non-pregnant women compared to pregnant women at 34 weeks’ gestation (0.4 

vs. 0.3 (95%CI: 0.2–0.5), p=0.16).

Venlafaxine maternal serum concentrations were reported in second and third trimester and 

postpartum in the Leutritz study from 8 women.42 The mean C/D ratio was 1.26 in the 

second trimester (n=3) and 0.96 in the third trimester (n=3). The mean±SD C/D ratio was 

1.9±0.72 within 2 weeks postpartum (n=3) and 2.71±0.08 after 2 weeks postpartum (n=2).

O’Brien et al. measured the metabolic ratio of venlafaxine in hair samples of three women 

taking 75–300 mg venlafaxine daily.37 The ratio of venlafaxine to norvenlafaxine (a.k.a. 

N-desmethylvenlafaxine) was 1.1±0.4 in the first trimester, 0.8±0.2 in the third trimester, 

and 1.03±0.06 in the postpartum period. The metabolic ratio in neither the first nor third 

trimester was significantly different from the postpartum period.

One study reported a significant decreased venlafaxine concentration and increased 

metabolite/parent drug ratio during pregnancy as compared to postpartum, indicating 

increased metabolism of venlafaxine.55 This finding is supported by other studies, which 

reported similar trends in case reports or small sample sizes.

Duloxetine—Three case reports of duloxetine concentrations in pregnancy were identified. 

Boyce et al. presented a case of a 31.4-year-old woman taking 60 mg duloxetine daily for 

depression throughout pregnancy and while breastfeeding.56 The maternal and cord serum 

duloxetine concentration at delivery were 151 and 18 μg/L, resulting in a C/M ratio of 0.12. 

On day 18 postpartum, duloxetine concentrations measured 7.6 h after the maternal dose 

were 245 μg/L in the maternal serum and 2 μg/L in the infant serum, indicating a low 

transmission of duloxetine through breast milk. In a second case report of a mother taking 

60 mg duloxetine daily, the cord blood concentration at delivery was 65 μg/L.57 Maternal 

plasma concentration at delivery was not reported. On day 32 postpartum, the maternal 

plasma trough concentration was 24 μg/L 40 minutes after the dose, and a concentration 

of 53 μg/L was observed about 6 hours after the dose. Leutritz et al. reported maternal 

duloxetine serum C/D ratio in one person of 1.17 during the first trimester and 0.17 during 

the second trimester. 42 While evidence is weak, it appears that duloxetine concentrations 

may be decreased in the third trimester.
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Serotonin agonist and reuptake inhibitor

Trazodone—Trazodone PK data in pregnancy comes from two case reports. The first is 

a 17-year-old female taking quetiapine, venlafaxine and 150mg extended-release trazodone 

once daily.34 The AUC (17.5–26.5 h) of trazadone were 3480, 2469 and 4362 (ng/mL)*h 

in the first, second and third trimester, and elimination half-lives were 12, 12, and 13 

hours in the first, second, and third trimester. A second case is of a 44-year-old female 

treated with etizolam and 50 mg trazodone once daily from 28 weeks’ gestation.58 Maternal 

plasma concentrations of trazodone and its metabolite m-chlorophenylpiperazine (mCPP) 

were recorded following the last dose before delivery and one dose 4 days postpartum. 

At delivery, the maternal trazodone and mCPP concentration were 256.1 ng/mL and 20.1 

ng/mL at 6.4 h post-dose, 23.5 ng/mL and 1.3 ng/mL at 30.5 h post-dose, and below limit 

of quantification (BLQ) at 77 h post-dose. Umbilical cord blood trazodone and mCPP 

concentration were 255.3 ng/mL and 19.8 ng/mL 7 h after the maternal dose. At 14.2 h, 

41.6 h, and 83 h post the maternal dose, the trazodone infant serum concentration was 

156.6 ng/mL, 7.0 ng/mL, and 4.0 ng/mL, and the mCPP concentration was 9.8 ng/mL, 0.6 

ng/mL, and BLQ. On day 4 postpartum, maternal concentrations at 7.4 h and 21 h post-dose 

were 267.6 ng/mL and 69.3 ng/mL for trazodone, and 22.8 ng/mL and 7.3 ng/mL for its 

metabolite.

Tricyclic and tetracyclic antidepressants

Clomipramine—Schimmell et al. reported one case of a 27-year-old woman, taking 125 

mg clomipramine daily throughout pregnancy.59 Maternal and neonatal plasma samples 

were obtained 10–14 hours after the mother’s daily dose at delivery and on days 4, 6, 10, 

14, and 35 postpartum. At delivery, the maternal plasma concentration was 474.4 ng/mL 

and the neonatal plasma concentration was 266.6 ng/mL. Maternal plasma concentration 

decreased to 211.0 ng/mL and 208.4 ng/mL on days 4 and 6, respectively. The daily 

dose of clomipramine was increased to 150 mg on day 8. Maternal plasma concentrations 

were 355.0 ng/mL, 364.8 ng/mL, and 509.8 ng/mL on days 10, 14, and 35 postpartum, 

respectively. The neonate was not breastfed during the first week of life. Clomipramine 

concentration in neonatal plasma decreased with a half-life of 92.8 h.

Wisner et al. compared the dose and serum tricyclic antidepressants concentrations in 8 

women during their third trimester and when they were not pregnant.26 Serum samples were 

collected 12–18 hours after the dose. One woman in the study was taking clomipramine 

at a daily dose of 175 mg prior to pregnancy and gradually increased to 275 mg at 

gestational week 30. The dose of 275 mg was maintained through delivery. The C/D ratio 

of clomipramine plus desmethylclomipramine were 1.71 (ng/mL)/mg clomipramine prior to 

pregnancy and decreased to 0.98 (ng/mL)/mg during the third trimester.

Loughhead et al. studied 7 pregnant women taking clomipramine at a median daily dose 

of 100 mg (50–175 mg).32 The mean maternal serum concentrations of clomipramine 

and desmethylclomipramine at delivery were 76.4±39.3 ng/mL and 103.3±50.1 ng/mL, 

respectively. The mean C/M ratio of clomipramine was 0.53±0.49 and 0.75±0.52 for the 

metabolite.
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An observational study by ter Horst et al. included 12 women and 13 pregnancies (one 

mother had two pregnancies during the study period) who took clomipramine throughout 

pregnancy.60 The median daily dose at delivery was 50 mg (25–125 mg). CYP2D6 

(Fast/Normal/Intermediate/Poor Metabolizers, n = 0/5/4/1) and CYP2C19 (Fast/Normal/

Poor Metabolizers, n = 2/7/1) phenotypes were also reported. Trough concentrations of 

clomipramine and desmethylclomipramine at steady state were measured in each trimester 

and postpartum. The median maternal clomipramine C/D ratio decreased from 0.89 (0.03–

1.44) (μg/L)/mg to 0.7 (0.03–1.99) (μg/L)/mg from 1st to 3rd trimester and was 0.7 (0.33–

1.29) (μg/L)/mg postpartum. The median metabolite concentration also decreased from 0.51 

(0.03–1.87) (μg/L)/mg to 0.1 (0.03–1.72) (μg/L)/mg during pregnancy and was 0.58 (0.38–

2.78) (μg/L)/mg postpartum. The metabolite/parent ratio was 0.96 (0.07–3.79), 0.77 (0.04–

2.50), 0.23 (0.04–2.00), 1.29 (0.35–3.08) during 1st, 2nd, 3rd trimester and postpartum.

One clomipramine concentration was reported at the second trimester, one at the third 

trimester and two postpartum in the Leutritz study.42 The C/D ratio was 2.29 and 2.16 at 

the second and third trimester. After 2 weeks postpartum, the mean ± SD C/D ratio was 

2.26±0.11.

Clomipramine is metabolized by multiple enzymes (i.e., CYP2D6, 2C19, 3A4 and 1A2) 

and shows nonlinear PK at doses above 150mg, making it difficult to predict the alteration 

of its PK during pregnancy. Both clomipramine and desmethylclomipramine concentrations 

in third trimester appeared to be lower than those postpartum or before pregnancy.26,60 

The desmethylclomipramine/clomipramine ratio decreased during pregnancy, which may be 

attributed to decreased CYP2C19 and 1A2 activity.60

Nortriptyline—Sit and Loughead both measured maternal serum and cord blood 

concentrations of nortriptyline at delivery (Table 9).32,38 The 10-hydroxynortriptyline 

concentrations were also measured, but most of them were below the limit of quantification. 

The C/M ratio range was 0.25–26.3 for nortriptyline and 0–7.3 for the metabolite.

Six women taking nortriptyline were included in the study by Wisner, et al.26 Prior 

to pregnancy, the median daily dose was 75 mg (35–150 mg) and the average serum 

concentrations were 91.2±17.2 ng/mL. In the third trimester, the median daily dose was 

100 mg (50–200 mg), and the average serum nortriptyline concentrations were 67.8±22.9 

ng/mL. On average, patients required 1.58-fold higher doses during pregnancy to maintain 

therapeutic effect.

Two additional case reports described nortriptyline concentrations across gestation and 

postpartum. In one case, a woman was treated with nortriptyline, (125 mg/day) and 

sertraline (100 mg/day).27 The woman’s nortriptyline concentration was 139–150 ng/mL 

before pregnancy but was only 50 ng/mL in the sixth month of pregnancy. The daily 

dose was increased to 150 mg due to recurrence of depressive symptoms. The dose was 

subsequently decreased to 125 mg/day during the first month postpartum. The nortriptyline 

C/D ratios were 0.4 (ng/mL)/mg, 0.54 (ng/mL)/mg, and 0.51 (ng/mL)/mg at the end 

of months 6, 7, and 8 of pregnancy, respectively. The C/D ratios increased to 0.80 

(ng/mL)/mg at 2 weeks postpartum and 1.02 (ng/mL)/mg at 4 weeks postpartum. Another 
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case reported the C/D ratios in a 31-year old woman treated with nortriptyline as 1.1 

(μg/L)/mg at 11 weeks’ gestation, 1.21 (μg/L)/mg at 30 weeks’ gestation, 1.01 (μg/L)/mg at 

36 weeks’ gestation, 2.45 (μg/L)/mg at 11 weeks postpartum, and 3.0 (μg/L)/mg at 33 weeks 

postpartum.61

While data is limited, nortriptyline concentrations during pregnancy appear to be lower than 

those before pregnancy or in the postpartum period. Six out of the eight cases required dose 

increase during pregnancy due to increased symptoms.

Imipramine—Plasma concentrations of imipramine in pregnancy were reported in two 

cases. Wisner’s study included a woman who was taking 150 mg/day imipramine prior to 

conception.26 This dose was maintained through 20 weeks’ gestation, when the woman’s 

symptoms began to recur. The dose was gradually increased to 300 mg from 20 to 32 weeks. 

The maternal serum concentration of imipramine prior to pregnancy was 204 ng/mL on 150 

mg/day and 276 ng/mL when taking 300 mg/day during the third trimester. In a second 

case, the patient was stable on 175 mg/day imipramine with a total blood imipramine and 

desipramine concentration of 185 ng/mL 6 months before pregnancy.27 She discontinued 

imipramine 4 months before pregnancy but restarted on 175 mg imipramine at 11 weeks’ 

gestation because of the recurrence of significant depressive symptoms. The daily dose was 

increased to 200 mg at the end of the fifth month of pregnancy and then 275 mg to achieve 

the pregravid blood concentration. The imipramine C/D ratios were 0.83, 0.61, 0.67, 0.95 

and 1.29 (ng/mL)/mg at the end of months 5, 6, and 7 of pregnancy and 2 weeks and 

4 weeks postpartum, respectively. Both cases showed decreased imipramine level during 

pregnancy and required dose increase due to recurrence of symptoms.

Amitriptyline—Amitriptyline PK data in pregnancy was only identified in one study, 

which indicates decreased exposure during pregnancy.42 The mean C/D ratio was 0.85, 0.53 

and 0.53 at first (n=2), second (n=4) and third (n=3) trimester. The mean ± SD C/D ratio was 

0.87±0.23 and 1.93±1.14 within (n=4) and after 2 weeks postpartum (n=9).

Mirtazapine—Only the Leutritz study reports mirtazapine PK in pregnancy.42 The mean 

C/D ratio was 0.73, 0.77, and 0.48 in the first (n=1), second (n=2), and third trimester (n=3). 

After 2 weeks postpartum, the mean ± SD C/D ratio was 1.3 ± 0.66 among 4 women. While 

the sample size is extremely limited, it appears that mirtazapine concentrations are decreased 

during pregnancy, likely due to increased CYP2D6 and CYP3A4 activity.

Other antidepressants

Bupropion—Fokina et al. conducted two studies on the same cohort of patients.62,63 One 

reports PK in 28 pregnant women, comparing PK parameters between subjects receiving the 

same dose and formulation of bupropion. The CL/F was 359±389 L/h in the mid-pregnancy 

group (22–26 week’s gestation, n=8) and 321±152 L/h in late-pregnancy group (34–38 

weeks’ gestation, n=8). The metabolite to parent ratios of hydroxybupropion (OHBUP), 

threohydroxybupropion (TB), and erythrohydroxybupropion (EB) in the mid-pregnancy 

group trended higher than in the late-pregnancy group, but only the EB/bupropion metabolic 

ratio was significantly different. A comparison of 12 women during late-pregnancy and 12 
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women postpartum showed higher CL/F in late-pregnancy (259±117 L/h) versus postpartum 

(208±93 L/h). There was no significant difference between the metabolic ratios of the 

three metabolites between the two groups. However, the percent of dose recovered as 

OHBUP-glucuronide and TB-glucuronide in the late pregnancy group was higher than in 

the postpartum group. Genotype of CYP2B6 and 2C19 were reported but no comparison 

was made between different period of pregnancy. A second paper by this group reports 

maternal plasma and umbilical cord blood concentrations from 22 mother-infant dyads in 

the same cohort63. Amniotic fluid samples were available from 9 mothers at delivery. The 

median daily dose of bupropion was 225 mg (75–300 mg). The C/M ratio of bupropion, 

OHBUP, and TB were 0.53, 0.21, and 0.61, respectively. For the 9 women with amniotic 

fluid samples, the amniotic fluid to maternal plasma concentration ratios of bupropion, 

OHBUP, and TB were 0.51, 0.14, and 1.34, respectively.

A longitudinal PK study included 8 pregnant subjects, 7 taking once daily sustained-release 

bupropion.64 One subject took the twice daily immediate-release dosage form during 

pregnancy and switched to once daily dosing postpartum. The median (range) daily dose 

was 225 mg (150 mg-450 mg). The steady state maternal C/D ratios, metabolic ratios, 

formation clearance of TB, EB, and OHBUP, and renal clearance for bupropion, OHBUP, 

S,S-OHBUP, R,R-OHBUP, TB, and EB were compared in the same subjects in the second 

trimester vs. postpartum and in third trimester vs. postpartum. Considerable inter-individual 

variability was observed. The only significant difference identified between second or third 

trimester and postpartum for any PK parameter was a higher EB-OH formation clearance in 

the second trimester (10.8 L/h vs 5.1 L/h, p=0.025). For the three infant-mother pairs with 

data at delivery, the respective mean C/M ratio for BUP, S,S-OHBUP, R,R-OHBUP, TB, 

and EB were 0.5±0.1, 0.6±0.2, 0.4±0.1, 0.7±0.1, and 0.6±0.1. Among all the subjects, there 

was one CYP2B6 rapid metabolizer (*1/*22) and two IMs (*1/*6) with one of them also a 

CYP2C19 UM (*1/*17). However, the impact of genotype was not studied.

Bupropion can be metabolized by 11β-hydroxysteroid dehydrogenase 1 and carbonyl 

reductases to EB and TB.62 CYP2B6 and 2C19 catalyze the hydroxylation of bupropion, 

EB and TB. OHBUP, EB, and TB also go through glucuronidation.62 Increased hepatic 

blood flow, renal clearance, CYP2B6 and UGT activity and decreased CYP2C19 activity 

all contribute to the change of bupropion metabolism during pregnancy. The decreased EB/

bupropion ratio and increased formation clearance of EB-OH during pregnancy may result 

from increased CYP2B6 activity.62,64 The insignificant change of OHBUP/bupropion and 

TB/bupropion ratios may be attributed to the countereffect of increased glucuronidation and 

increased CYP2B6 activity.62,64

Discussion

In general, there are relatively few PK studies of antidepressants in pregnancy, and many of 

these are of poor quality. Our search only identified a total of 40 articles on 15 drugs, with 

no PK data available on 17 antidepressants in pregnancy. Most antidepressants appeared in 

less than 10 studies and were studied in <100 patients. Though SSRIs and venlafaxine had 

data from relatively more subjects, about a third of them were from a single retrospective 

study.39 Four drugs had data from less than 10 patients. Most studies (30/40) were case 
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series or small cohort studies, reporting no more than ten subjects for each drug. Without 

sufficient sample size, the study may be underpowered for statistical inference and any 

reported p-value may not be reliable. Several studies provided information on metabolite 

concentrations, parent to metabolite ratios, and genotype. However, due to small sample 

sizes, studies did not have sufficient power to evaluate changes based on genotype.

The majority of data in pregnancy is obtained at delivery. Ten of the 40 studies only 

reported drug concentrations at delivery, typically reporting maternal plasma and cord blood 

drug concentrations and C/M ratios.29,31,32,36,38,43,54,58,63,65 However, cord and maternal 

concentrations may not have been captured simultaneously. Data at delivery may not reflect 

the normal pregnant state because of physiological changes during labor and delivery. 

Cardiac output increases up to 50% during labor due to uterine contraction66 and returns to 

pre-labor levels at about 1 hour postpartum.66 The change of cardiac output, as well as fluid 

intake and other hemodynamic changes due to cesarean section and maternal anesthesia, 

could impact plasma volume, making concentrations measured at delivery different from a 

typical 3rd-trimester concentration.

While 24 studies included longitudinal data with maternal plasma trough concentrations 

during pregnancy (most in the third trimester), at delivery and/or postpartum, there was often 

a large amount of missing data.26–28,30,34,35,37,39,40,42,45–49,51–53,55,56,59–61,64 For example, 

a study of paroxetine reported data from 74 subjects total, but data was missing from 20 

subjects in the first trimester, 8 in the second trimester and 4 in the third trimester.52 Another 

study of 55 subjects had 27 missing in the third trimester and 11 missing at delivery.40 This 

is common for many studies, making the samples available for longitudinal within-subject 

comparison even smaller.

Several studies do not sufficiently report information required to evaluate PK data, 

including times and adequate dose information. While many studies reported PK for 

patients taking different doses of medication, in one-third of such studies, data were not 

dose-corrected or provided at an individual level with dosing information. As the daily 

dose could be different for each subject or at different time points during pregnancy, this 

introduces considerable variability of drug and metabolite concentrations, and the direct 

comparison of concentrations would not be informative. For antidepressants that exhibit 

nonlinear PK (i.e. fluoxetine, paroxetine, fluvoxamine, duloxetine and clomipramine), 

variability in concentration and metabolic ratio introduced by different doses cannot be 

eliminated by dose correction and may require more sophisticated analysis like population 

or physiologically-based PK (PBPK) modeling. Sample collection time was not well 

documented in many studies, including longitudinal studies. Only five out of the 10 delivery-

only studies and 4 out of the 24 longitudinal studies provided the exact time of sample 

collection after last dose administration and four of them were case reports.28,34,56,58 There 

were another six longitudinal studies that reported range or mean and standard deviation 

of sample collection time.26,39,40,42,46,59 For other studies, it was unclear if the reported 

concentrations were true trough concentrations. Even if the steady state was reached at 

the time of sampling, the drug concentration still could vary considerably particularly for 

drugs with short half-lives like venlafaxine. Difference in sampling time could also introduce 

variability to metabolic ratios and C/M or amniotic fluid/maternal plasma ratios, due to 
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delay in the formation of metabolites or the distribution to cord blood or amniotic fluid. 

Only 4 studies collected rich samples (5–18 samples) after a single dose or at steady-state 

and reported PK parameters such as Cmax, half-life, AUC, CL/F, and V/F.41,44,50,62 The 

Campbell study only reported PK data at 36 weeks’ gestation.41 The Carvalho study 

reported PK data of fluoxetine in the third trimester (32–34 weeks’ gestation) with single 

concentration at delivery.50 The other two studies reported longitudinal PK data in the 

second trimester, third trimester, and postpartum.44,62 In another case report, AUC and 

half-life were reported, but it was unclear that how many plasma samples were collected for 

monitoring.34 In a recent bupropion study, a single steady-state plasma sample and dosing 

interval urine sample were collected, and renal clearances and steady-state concentrations of 

bupropion and its metabolites were reported.64

Highly polymorphic enzymes such as CYP2C19, 2D6, and 2B6 play important role in 

the metabolism of many antidepressants, and changes in metabolism by these enzymes 

during pregnancy is likely to be dependent on genotype. Among the seven studies reported 

genotypes of metabolizing enzymes for each subject, one showed impact of CYP2C19 

genotypes on sertraline concentrations throughout pregnancy46 and one showed opposite 

effects on paroxetine concentrations during pregnancy based on CYP2D6 genotype.52 The 

other five studies either had limited sample size or missing data40,61 or did not analyze the 

impact of genetic polymorphisms on longitudinal change of PK during pregnancy.60,62,64 

While other studies did not evaluate genotype, it is possible that pharmacogenomics may 

play a role in variability between patients and studies for other antidepressants.

About half of the studies reported cord blood drug concentrations at delivery, which 

covered most of the drugs except amitriptyline and mirtazapine. All the drugs were 

detected in cord blood, while the concentrations were usually lower than the maternal 

plasma concentrations. Amniotic fluid concentrations were reported for 65 subjects 

in 7 articles.28,33,43,50,54,63,65 Amniotic fluid samples were collected at delivery in 5 

studies.43,50,54,63,65 Two studies reported concentrations obtained during amniocentesis, 

usually during the second trimester.28,33 In general, amniotic fluid concentrations were 

lower than maternal plasma concentration, with the exceptions of venlafaxine,33,54 

citalopram,65 and threohydroxybupropion63. In four of the five studies with both amniotic 

fluid and umbilical cord blood collected at delivery, the penetration ratios of amniotic fluid 

were higher than that of cord blood.

One study used the ratio of drug: metabolite concentration in hair to demonstrate the change 

of antidepressant metabolism during pregnancy.37 Hair analysis is useful for retrospective 

investigation of long-term drug exposure and is widely utilized in forensic toxicology67 

to describe changes in nicotine metabolism,68 and as a biomarker of adherence for 

antiretroviral drugs.69,70 Hair analysis is advantageous as it is a noninvasive approach and 

provides a long-term assessment of drug and metabolite exposure. However, high variability 

of drug concentration could be observed due to differences in the physicochemical 

property of the drug, hair color, hair growth rate, environmental contamination, or cosmetic 

treatment.67,71,72 Wang et al. demonstrated the correlation of hair concentration with history 

of drug administration and accumulated dose for citalopram but not for sertraline, which 
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may be attributed to the higher lipophilicity of sertraline.73 Caution should be taken with the 

analysis and interpretation of hair drug concentration.

The majority of the drugs covered in this review showed decreased exposure and 

required increased dosing during pregnancy compared to the postpartum period. Some 

antidepressants also had decreased parent/metabolite ratio, indicating increased metabolism 

during pregnancy, which may be attributed to the increased activity of CYP3A4, 2D6, 2C9, 

and 2B6.13 On the other hand, this can be countered by the decrease in CYP2C19, and 1A2 

activity, which can make the PK changes of antidepressants in pregnancy difficult to predict. 

For drugs with high plasma protein binding, pregnancy-induced decrease of albumin could 

also impact their distribution and metabolism.

One limitation of our study is that the literature search may not be exhaustive. There could 

be missing articles, particularly those that were not designed for PK purposes but reported 

drug concentrations in pregnancy. As we only included articles from PubMed, additional 

PK data may be available in abstracts and other presentations. This review focused only 

on exposure data. Studies on drug efficacy and toxicity, including teratogenic risks, were 

outside of the scope of the review.

PK data in pregnancy are critical to help inform optimal dosing and understanding of fetal 

exposure, improving efficacy and safety of antidepressants in both the mothers and the 

fetuses. Literature data can be integrated to inform pharmacometric approaches, such as 

physiologically based PK (PBPK) modeling, to model and predict changes in PK across 

pregnancy. However, as identified in our analysis, deficits in reporting critical details such 

as dose and dosing or sampling times, limits the re-usability of this data. Our analysis 

highlights the limited PK data available for many antidepressants in pregnancy. Studies 

reported that data should be made available in a public repository, such as DASH.74

While additional longitudinal PK studies throughout pregnancy with larger sample sizes 

would be beneficial in understanding the effect of pregnancy on maternal PK, even small 

datasets or case reports can be valuable to pharmacometric modeling efforts if sufficient 

detail is provided. Future efforts from our group will build on a mechanistic understanding 

of the pharmacological (i.e. ADMET) properties of drugs and physiologic changes in 

pregnancy, to develop PBPK models of antidepressants in pregnancy.75 Through integration 

of reported data with these mechanistic models, future studies can be designed to support 

more personalized and efficacious dosing of antidepressants in pregnancy.
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