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Abstract

Objective: Data regarding the ability of antidepressants to enter fetal, newborn and infant fluids 

have become gradually available, but mechanisms of antidepressant transfer remain poorly 

understood. Here we calculated penetration ratios in an array of matrices from combined samples 

of pregnant/breastfeeding women taking antidepressants.

Methods: We performed a systematic literature search of PubMed and EMBASE to identify 

studies with concentrations of antidepressants from maternal blood, amniotic fluid, umbilical cord 
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blood and/or breast milk. Penetration ratios were calculated by dividing the concentrations in 

amniotic fluid, umbilical cord plasma or breast milk by the maternal plasma concentration. When 

data from multiple studies were available, we calculated combined penetration ratios, weighting 

the study mean by study size.

Results: Eighty-five eligible studies were identified. For amniotic fluid, the highest penetration 

ratios were estimated for venlafaxine (mean 2.77, range 0.43–4.70 for the active moiety) and 

citalopram (mean 2.03, range 0.35–6.97), while the lowest ratios were for fluvoxamine (mean 0.1) 

and fluoxetine (mean 0.11, range 0.02–0.2 for the active moiety). For umbilical cord plasma, 

nortriptyline had the highest ratio (mean 2.97, range 0.25–26.43) followed by bupropion (mean 

1.14, range 0.3–5.08). For breast milk, the highest ratios were observed for venlafaxine (mean 

2.59, range 0.85–4.85), mianserin (mean 2.22, range 0.80–3.64) and escitalopram (mean 2.19, 

range 1.68–3.00).

Conclusion: We observed considerable variability across antidepressants regarding their ability 

to enter fetal, newborn and infant fluids. Measuring antidepressant concentrations in a maternal 

blood sample can provide a reliable estimate of fetal/infant exposure, although further evidence for 

concentration-dependent effects is required.
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1. Introduction

Antidepressants represent the most commonly prescribed medications in women during 

pregnancy (Pariente et al., 2016), with antidepressant use increasing over the past years 

(Molenaar et al., 2020). Concerns regarding maternal and neonatal safety have been raised 

as antidepressant use during pregnancy and lactation may be associated with an increased 

risk of congenital malformations, preterm birth, poor neonatal adaptation syndrome, and 

persistent pulmonary hypertension of the newborn (Biffi et al., 2020; Ewing et al., 2015; 

Masarwa et al., 2019), whereas maternal health risks may include preeclampsia and 

postpartum hemorrhage (Palmsten et al., 2020). Nevertheless, antidepressants are largely 

considered safe, although it is widely embraced that antidepressant treatment during 

pregnancy and lactation requires an effective balancing of risks with benefits. Accordingly, 

advice regarding perinatal antidepressant use requires further evidence, identifying high-risk 

patient subgroups and accounting for confounding factors (Biffi et al., 2020). Regarding 

implicated mechanisms underlying the effects on both the fetus and the newborn, some 

hypotheses based on the pharmacologic profile of each agent have been postulated; for 

example, poor neonatal adaptation has been considered as related to the serotonergic 

overstimulation caused by fetal exposure to selective serotonin reuptake inhibitors (Yang et 

al., 2017), while genetic correlates have also received some interest (Laine et al., 2004).

While underlying pathways for adverse effects of antidepressants in the mother and fetus 

remain poorly understood, the assessment of antidepressant exposure of the fetus and 

newborn may offer valuable information when investigating safety issues. In fact, there is 

some evidence of pharmacokinetic correlates for antidepressant adverse effects on fetal 
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health (Oberlander et al., 2004). Thus, therapeutic drug monitoring (TDM), i.e. 

quantification of antidepressant drug concentrations in different matrices of pregnant or 

lactating mothers, such as maternal blood, amniotic fluid, umbilical cord blood and breast 

milk, can provide an overarching measure of the ability of medications to enter the fetal and 

newborn circulation (Schoretsanitis et al., 2020b). Across mechanisms of fetal 

antidepressant transfer, passive diffusion is considered the main pathway (Ewing et al., 

2015), but the physicochemical properties of the drugs might nevertheless be of importance 

(Hutson et al., 2011). For breast milk, the drug’s physicochemical profile as well as milk-

related variables, such as pH and lipid content, are important factors (Whitby and Smith, 

2005). A large variability in drug concentrations has been reported between fore-milk and 

hind-milk for lipophilic drugs including many antidepressants, mostly related to the increase 

in lipid concentration during the course of a feeding (Ohman et al., 1999). Additional 

benefits of regular TDM in the pharmacotherapy of pregnant women include the monitoring 

of changes in antidepressant disposition caused by perinatal changes in physiology 

(Deligiannidis et al., 2014; Westin et al., 2018). Changes in drug disposition may impact 

treatment outcomes, especially in the third trimester (Schoretsanitis et al., 2020a). TDM can 

thus be a unique tool to quantify alterations of drug disposition in each trimester and guide 

dose adjustment when considered alongside clinical assessment. Despite the potential of 

TDM integration in standard pharmacotherapy of pregnant and breastfeeding women, 

practical recommendations on when to perform TDM are hardly available.

Aims of the Study

In this article we systematically review TDM data for antidepressants in maternal blood 

samples (e.g. serum or plasma), amniotic fluid, umbilical cord blood samples (e.g. serum or 

plasma) and breast milk, aiming to provide excretion patterns into these matrices.

2. Material and Methods

The study was conducted with use of PRISMA guidelines (Hutton et al., 2015) and 

registered with PROSPERO (registration number CRD42020149698). Studies with 

antidepressant concentrations in maternal blood (serum or plasma), amniotic fluid, umbilical 

cord blood (serum or plasma), or breast milk were identified by searching the PubMed and 

EMBASE databases using the following search strategy: “antidepressant*” AND 

“pregnancy” AND “blood OR amniotic OR umbilical OR milk”. Data of neonatal 

concentrations were not the focus of this review, but were included for reasons of 

completeness. Only studies in English were included. Databases were searched in September 

2019 for publications since data inception independently by two authors (GS and MP). 

References from identified studies were scanned for additional reports and articles from the 

authors’ own collections were also screened. Finally, searches in PubMed were also 

performed using the specific substance names of the antidepressants, but no additional 

studies were identified.

2.1. Inclusion criteria

Studies including pregnant or breastfeeding antidepressant-treated women with 

concentrations of antidepressants measured in maternal blood, amniotic fluid, umbilical cord 
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blood, breast milk or infant blood were considered. No restrictions with regard to diagnosis, 

dosage or duration of antidepressant treatment were used.

2.2. Data extraction

Two authors (GS and MP) independently extracted data including sample sizes, daily 

antidepressant dose, antidepressant concentrations (mean and ranges or standard deviations 

depending on how data were provided) in maternal blood, amniotic fluid, umbilical cord 

blood and breast milk (fore-milk and hind-milk when available). Previously published 

conversion factors were used to convert data provided in substance concentration units (e.g. 

nmol/L) to mass concentration units (ng/mL) (Hiemke et al., 2018). When the term “blood” 

is used in the following, is refers to concentrations measured in plasma or serum. Moreover, 

for simplicity reasons maternal and umbilical cord concentrations will be referred to as 

plasma concentrations, although in some studies concentrations are measured in serum. For 

reasons of completeness we also included infant blood (serum or plasma) concentrations 

when available.

2.3. Outcomes & statistical analysis

Our primary outcomes were the penetration ratios of antidepressants into amniotic fluid, 

umbilical cord blood and breast milk, i.e. the antidepressant concentrations in amniotic fluid, 

umbilical cord blood or breast milk, divided by the maternal blood concentration. When 

antidepressants concentrations in both hind-milk and fore-milk were available, we used the 

mean milk concentrations as the primary outcome, but with ratios for fore-milk and hind-

milk calculated separately. When multiple assessments from one single patient were 

available and no area under the time-concentration curve (AUC) values were provided, mean 

concentrations were used for ratio calculation. For amitriptyline, clomipramine, doxepin, 

imipramine, fluoxetine and venlafaxine, the active moiety (the sum of the parent compound 

and the active metabolite) was used (Hiemke et al., 2018); in the following text when the 

names of these antidepressants are used, they refer to the active moiety. Accordingly, data 

for desvenlafaxine and nortriptyline do not refer to the active metabolites in patients treated 

with venlafaxine or amitriptyline, but patients receiving the independently marketed 

compounds. When data from more than one study were available, we calculated combined 

(pooled) penetration ratios, where the mean of each study was weighted by its size, with 

larger studies given more weight. We have in a previous review of antipsychotics used this 

type of analysis (Schoretsanitis et al., 2020b). Combined penetration ratios and ranges are 

provided in plots produced using Matplotlib, which is a plotting library of Python. When 

data for an antidepressant exclusively derived from a single case report, only, they were not 

included in the plots. Additional plots included violin plots for penetration ratios when 

individual patient data were available for antidepressants with measures for more than five 

patients (Krzywinski & Altman, 2011).

2.4. Quality assessment

We assessed the quality of the included studies using the ClinPK guidelines (Kanji et al., 

2015), an established tool for the evaluation of reporting for pharmacokinetic studies.
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3. Results

The search yielded 63 articles from PubMed, 21 additional articles from Embase, 47 

additional articles from article references and 45 additional articles from the authors’ own 

collections, i.e. a total of 176 articles (Figure 1). Abstract screening resulted in rejection of 

44 of these (e.g. animal reviews and previous reviews). Full-text screening led to rejection of 

another 47 articles due to either lack of TDM data in maternal blood and/or amniotic fluid, 

umbilical cord blood or breast milk, or the lack of TDM data in an analyzable form (no 

individual patient data or means/ranges). Moreover, analytical method validation articles, 

articles concerning pharmacokinetic modelling and articles with overlapping data were also 

excluded. Finally, 85 articles were selected and used for data extraction (Figure 1).

Table 1 summarizes the 82 studies where exact concentrations of antidepressants in maternal 

blood during pregnancy, at delivery or postpartum and in amniotic fluid, umbilical cord 

blood, breast milk and/or infant plasma were given, either in running text or in tables In the 

three remaining papers (Hagg et al., 2000; Pons et al., 1990; Verbeeck et al., 1986), 

concentration data were provided only in figures, but as the authors of the original studies 

themselves had calculated exact penetration ratios, these values could be inserted in our 

analysis.

3.2. Excretion into amniotic fluid

For a total of 52 patients, data were available allowing the calculation of penetration ratios 

into amniotic fluid for the following antidepressants: bupropion, citalopram, escitalopram, 

fluoxetine, fluvoxamine, paroxetine, sertraline, and venlafaxine. The highest penetration 

ratios were reported for venlafaxine (i.e. the active moiety venlafaxine plus O-

desmethylvenlafaxine) (mean 2.77, range 0.42–3.96), citalopram (mean 2.03, range 0.35–

6.97) and bupropion (mean 0.78, range 0.37–1.66), while fluvoxamine (mean 0.1, n=1, no 

range), fluoxetine (i.e. the active moiety fluoxetine plus norfluoxetine) (mean 0.11, range 

0.02–0.2) and paroxetine (mean 0.13, range 0.05–0.21) had the lowest ratios (Table 2 and 

Figure 2). Amniotic fluid samples were collected at birth in four trials (Fokina et al., 2016; 

Paulzen et al., 2017a, Paulzen et al., 2017b; Paulzen et al., 2020) and at amniocentesis in the 

second or third trimester in two trials (Hostetter et al., 2000; Loughhead et al., 2006a).

3.3. Excretion in umbilical cord plasma

Data from a total of 227 patients allowed the calculation of penetration ratios into umbilical 

cord plasma for bupropion, citalopram, clomipramine, duloxetine, escitalopram, fluoxetine, 

fluvoxamine, nortriptyline, paroxetine, sertraline and venlafaxine (Table 2, Figure 3). The 

highest penetration ratios were reported for nortriptyline (mean 2.97, range 0.25–26.43), 

followed by bupropion (mean 1.14, range 0.3–5.08) and duloxetine (mean 1.08, range 0.12–

2.7). The lowest ratios were observed for paroxetine (mean 0.40, range 0.15–0.91), sertraline 

(mean 0.44, range 0.14–1.2) and fluvoxamine (mean 0.52, range 0.08–0.78) (Figure 3).

3.4. Excretion into breast milk

For a total of 373 patients, penetration ratios into breast milk could be calculated for 

amitriptyline, amoxapine, bupropion, citalopram, clomipramine, desipramine, 
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desvenlafaxine, dothiepin, doxepine, duloxetine, escitalopram, fluoxetine, fluvoxamine, 

imipramine, moclobemide, mianserin, mirtazapine, nortriptyline, paroxetine, reboxetine, 

sertraline and venlafaxine. The penetration ratio in this context is identical to the milk/

plasma (M/P) ratio, which is often reported in studies on excretion of drugs in breast milk 

(Spigset and Hagg, 2000). The highest ratios were observed for venlafaxine (mean 2.59, 

range 0.85–4.85) mianserin (mean 2.22, range 0.8–3.64) and escitalopram (mean 2.19, range 

1.68–3.0) (Figure 4). Reboxetine (mean 0.06, range 0.05–0.08), trazodone (mean 0.14±0.04) 

and amoxapine (<0.21) had the lowest ratios. Data for trazodone derived from a single-dose 

study and therefore do not reflect steady state conditions (Verbeeck et al., 1986).

Evidence for differences of antidepressant concentrations between fore-milk and hind-milk 

were very scarce (n=30 from 9 studies, Supplementary table 1). For all antidepressants, data 

derived from single studies except for dothiepin (n=10 from 2 studies), fluoxetine (n=5 from 

3 studies) and paroxetine (n=5 from two studies); the combined penetration ratios of 

dothiepin and paroxetine were twofold higher in hind-milk than in fore-milk (0.96 vs 1.9 and 

0.67 vs 1.16 respectively), while the differences for fluoxetine were marginal (0.31 vs. 0.35).

3.5. Quality assessment

The quality of the studies was acceptable with an average rating score of 11.2 

(approximately 70% of the maximum possible score). Details are provided in supplementary 

table 1. Some variation was due to the lower quality in case reports, where authors provided 

fewer details than as assessed by the ClinPK checklist.

4. Discussion

This systematic review aimed to capture patterns of antidepressant transfer into fetal and 

newborn circulation via amniotic fluid, umbilical cord blood and breast milk. Previous 

systematic reviews and pooled analyses of TDM data have provided valuable insights into 

the exposure to antidepressants, but mainly via breast milk (Berle and Spigset, 2011; Malone 

et al., 2004; Pons et al., 1994; Weissman et al., 2004; Wisner et al., 1996; Yoshida et al., 

1999). Our updated review additionally included TDM data from amniotic fluid and 

umbilical cord blood to provide an even more comprehensive overview of the ability of 

antidepressants to enter fetal and newborn circulation. Evidence was more robustly available 

for breast milk displaying highest penetration ratios for venlafaxine and mianserin, while 

umbilical cord blood and, particularly, amniotic fluid data were scarce with highest ratios 

observed for venlafaxine and citalopram, and nortriptyline and bupropion respectively.

Despite the limited data for amniotic fluid, penetration ratios of about 2–3 were calculated 

for the venlafaxine active moiety and citalopram. For the venlafaxine active moiety, 

penetration ratio values into amniotic fluid were driven by the penetration ratios of the active 

metabolite, which were higher than those of the parent compound. The small number of 

studies (≤2) and included patients per antidepressant did not allow for analyses to unravel 

predictors of high (or low) penetration ratios. However, the estimated penetration ratios 

imply that fetal development takes place in more than twofold higher concentrations than 

what are found in maternal plasma. The mechanisms underlying those ratio patterns may 

encompass several factors. We have previously, when reviewing antipsychotic agents, 
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suggested that differences in the affinities e.g. to the efflux pump P-glycoprotein (P-gp) 

could explain differences in penetration ratios between drugs (Schoretsanitis et al., 2020b). 

Further, differences in plasma protein binding may also contribute; venlafaxine has a low 

protein binding compared to all other antidepressants (Cohen and De Vane, 1996). A low 

plasma protein binding allows a larger part of the measured (total) concentration in plasma 

to be excreted into amniotic fluid, as only the unbound drug concentration is able to cross 

cell membranes (Wang et al., 2008). Protein binding differences may also account for the 

relatively high penetration ratios of citalopram and venlafaxine into umbilical cord blood, 

followed by nortriptyline, bupropion and duloxetine, all of which having penetration ratios 

exceeding 1.0. Antidepressants and other psychotropic drugs are primarily bound to alpha-1 

acid glycoprotein in plasma, where the concentration in newborns is only about half of that 

in adults, and even lower in premature infants (Anell-Olofsson et al., 2018). Consequently, 

when comparing penetrations ratios in umbilical cord plasma, the differences in ratios 

between drugs do not necessarily represent the ratios found if the free concentrations had 

been measured. The strikingly high penetration ratio of nortriptyline is most probably driven 

by one patient, who showed an unusually high penetration ratio (Loughhead et al., 2006b). 

After removing this patient from the analysis, a combined penetration ratio of 0.62 for the 

remaining 10 patients was calculated.

An additional mechanism accounting for our findings might include differences in molecular 

weight, as the molecular weight is important for the diffusion properties through the 

placenta. Although molecular weight cannot fully explain the ranking suggested by our 

findings, agents with lower molecular weight, such as venlafaxine, had higher penetration 

ratios than compounds with higher molecular weight such as paroxetine and fluoxetine 

(Baumann et al., 2004). However, as molecular weight differences between antidepressants 

are nevertheless relatively small, its contribution to differences in penetration ratios is likely 

minor.

Penetration ratios into both amniotic fluid and umbilical cord plasma were invariably higher 

for antidepressants than other psychotropic agents such as antipsychotics (Schoretsanitis et 

al., 2020b). However, it is not possible to recommend (or discourage) use of specific 

antidepressant drugs instead of others during pregnancy based on penetration ratios alone. 

As an example, paroxetine, which had low penetration ratios for both amniotic fluid and 

umbilical cord plasma, has been associated with an increased absolute risk of first trimester 

teratogenicity (Gao et al., 2018).

Evidence is more robust for antidepressant transfer into breast milk, with available data 

allowing the calculation of penetration ratios for a large group of antidepressants. 

Differences between antidepressants can be understood in the light of the high oral 

bioavailability for some of these agents, e.g. citalopram and venlafaxine compared to other 

antidepressants (Bezchlibnyk-Butler et al., 2000; Troy et al., 1997). The role of protein 

binding also has to be considered (Weissman et al., 2004), but cannot always account for 

excretion patterns (Schoretsanitis et al., 2019). Additionally, milk-specific characteristics, 

such as its lipid content, need to be taken into consideration, given that the majority of 

antidepressants are lipophilic substances (Kam and Chang, 1997). Unfortunately, most 

studies including milk samples did not specify for fore-milk or hind-milk and thus evidence 
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on excretion related to the lipid content was available only for a small number of patients 

(Supplementary table 1). Despite the scarcity of the data, penetration ratios into hind-milk 

were overall higher than into fore-milk for all antidepressants except for duloxetine, where 

minimal differences was detected in a single patient (Collin-Levesque et al., 2018). In order 

to minimize infant exposure to high concentrations some authors have recommended that 

breastfeeding women receiving antidepressants should discard hind-milk (Academy of 

Breastfeeding Medicine Protocol, 2008); nevertheless, given the important nutrient 

composition of hind-milk for the infant, further evidence is required till this strategy can be 

embraced. On the other hand, although at steady state the elimination half-life may not affect 

the penetration ratios to a large extent, for antidepressants with shorter half-lives, causing a 

higher variation in the concentration during a dose interval, it might be easier to find a time 

point for lactation (i.e. shortly before the next dose) leading to transfer of lower doses to the 

infant compared to antidepressants with longer half-lives. Nevertheless, we acknowledge 

that in real-life clinical scenarios it may be not practical to schedule breastfeeding.

During lactation, is also important to consider the half-life of the drug in the infant, as the 

elimination of drugs is generally slower and the risk of adverse effects consequently higher 

in premature and newborn infants than in older infants and adults, even though the 

penetration ratio (or the absolute concentration in milk) will be constant. Almost no adverse 

reactions have been reported in suckling infants older than three months of age, irrespective 

of which drug the mother has been taking and what is the penetration ratio or the milk 

concentration.

Pharmacogenetic variability in the maternal metabolism of antidepressants could also 

contribute to higher drug concentrations in amniotic fluid, umbilical cord blood and breast 

milk. Maternal extreme metabolizer types have led to higher exposure of drugs to the infant 

in the past with the consequences of severe adverse effects (Koren et al., 2006; Laine et al., 

2004). The use of TDM can assist clinicians to detect unusually high antidepressant 

exposure, suspect poor metabolizer phenotypes and characterize high-risk dyads. 

Consequently, TDM-based strategies could target reduced infant exposure based on the 

assumption that antidepressant drug concentrations in maternal blood provide a proxy of 

breast milk excretion.

4.1. Package inserts on antidepressant transfer into amniotic fluid, umbilical cord blood 
& breast milk

For the vast majority of antidepressants there is no information regarding transfer into 

human amniotic fluid, umbilical cord or breast milk in their package inserts. Instead, 

provided information mainly derives from animal models that may be challenging to 

extrapolate to humans. For two antidepressants, amitriptyline and fluoxetine, package inserts 

discuss pharmacokinetic data in nursing women (Sandoz Inc, 2014; Eli Lilly, 1987); in a 

nursing woman receiving 100 mg/day of amitriptyline, amitriptyline levels ranging between 

83.0–141.0 ng/mL and 135.0–151.0 ng/mL were reported in maternal serum and milk 

respectively (Sandoz Inc, 2014). These values are within the range described in available 

literature (Bader and Newman, 1980; Brixen-Rasmussen et al., 1982; Pittard and O’Neal, 

1986; Yoshida et al., 1997a). For fluoxetine, the package insert reports one case of a 
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fluoxetine-treated nursing patient with active moiety (fluoxetine plus norfluoxetine) levels of 

70.4 and 295.0 ng/mL in maternal milk and maternal plasma, respectively (Eli Lilly, 1987); 

these values allow the estimation of a penetration ratio of 0.24, which is within the range of 

our estimated ratios (0.08–2.23) based on available literature (Berle et al., 2004; Burch and 

Wells, 1992; Hale et al., 2001; Heikkinen et al., 2003; Hendrick et al., 2001; Isenberg, 1990; 

Kim et al., 2006; Kristensen et al., 1999; Weisskopf et al., 2017; Weissman et al., 2004; 

Yoshida et al., 1998).

Furthermore, for several compounds estimates of infant exposure in the package inserts have 

been given based on milk samples; however, as raw levels of antidepressants in blood and 

milk are not provided it is not possible to discuss these estimates in light of our review. 

Specifically, in the package insert for sertraline infant exposure was estimated around 2% of 

maternal sertraline serum levels in a cohort of 53 mother-infant pairs (Pfizer, 2019). For 

bupropion an infant daily exposure around 2% of the maternal weight-adjusted dose was 

estimated based on milk samples (GlaxoSmithKline, 2019). Finally, for duloxetine an infant 

daily exposure of 0.14% of the maternal dose was estimated in the package insert (Eli Lilly, 

2010).

For the rest of antidepressants no specific information on the ability of these medications to 

enter fetal/newborn circulation is provided in the package inserts.

4.2. Limitations and clinical implications

Our findings should be interpreted with caution, as they mainly reflect the pharmacokinetic 

profiles of the investigated antidepressants. Despite several years of experience, TDM 

findings have not informed clinical practice for the most part. In fact, the intuitive notion of 

concentration-dependent toxicity risk requires large-scale clinical data that is not available 

yet and penetration ratios cannot be as used safety surrogates. More specific indices, such as 

relative infant dose for the degree of drug exposure through breast milk may relate more 

directly to potential pharmacological adverse effects. However, for patients with unusually 

high levels of antidepressants or high penetration ratios in maternal blood or milk outside of 

the ranges described here, clinicians may monitor closely including TDM use to early detect 

potential risks for the mother-infant pair. Another limitation of the current literature derives 

from the fact that studies did not exclude patients receiving co-medications with enzyme-

inhibiting or -inducing properties with direct effects on the pharmacokinetics of the assessed 

antidepressants (Boucher et al., 2009; Castberg and Spigset, 2006). The effects of drug-drug 

interactions on antidepressant transfer can be only hypothesized, as they remain poorly 

understood. Future research will also need to address potential moderators of antidepressant 

transfer, such as age, body composition measures and race, which were frequently overseen. 

Lastly, some variation in pharmacokinetic parameters may derive from differences in the 

analytical methods; high performance liquid chromatography was probably the most 

common method in former times, being gradually replaced by liquid chromatography with 

tandem mass spectrometry nowadays. Within this realm, very few studies specified whether 

the umbilical cord concentrations were from venous, arterial or mixed arteriovenous 

samples.
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The majority of the available data reflected single time point measures; future studies may 

adopt AUC estimates for blood and milk to increase precision. Except for two single-dose 

studies (Pons et al., 1990, Verbeeck et al., 1986), studies mainly included patients at steady 

state with assessed levels of antidepressants being trough. However, several studies did not 

provide sufficient details, so that it cannot be excluded that some levels of antidepressants 

were neither trough nor acquired at steadystate.

Future studies investigating antidepressant concentrations across maternal and infant 

matrices are required to improve the understanding of excretion mechanisms as an 

underlying factor for the variations in penetration ratios between antidepressants: 

Considering the limitations of the included studies, the final question regarding the clinical 

utility of TDM in pregnancy and lactation remains unanswered. We hope that our systematic 

review will stimulate the collection of larger-scale data to provide better grounds for the 

understanding of antidepressant transfer into amniotic fluid, umbilical cord blood and breast 

milk.
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Highlights

• Knowledge of antidepressant transfer into different matrices by measuring 

concentrations in pregnant/lactating patients is sparse.

• Penetration ratios into amniotic fluid and umbilical cord plasma differ 

considerably, between antidepressants and matrices.

• Penetration ratios into breast milk varied with venlafaxine, mianserin and 

escitalopram having the highest ratios.
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Figure 1. 
Prisma Checklist Study Flow Diagram
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Figure 2. 
Penetration ratios (combined means and ranges) of antidepressants into amniotic fluid. The 

width of lines is proportional to the number of patients providing data for the estimation of 

the penetration ratios (n: number of patients).
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Figure 3. 
Penetration ratios (combined means and ranges) of antidepressants into umbilical cord. The 

width of lines is proportional to the number of patients providing data for the estimation of 

the penetration ratios (max: maximum; n: number of patients).
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Figure 4. 
Penetration ratios (combined means and ranges) of antidepressants into breast milk. The 

width of lines is proportional to the number of patients providing data for the estimation of 

the penetration ratios (n: number of patients).
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Table 2.

Penetration ratios (combined means and ranges) of antidepressants into amniotic fluid, umbilical cord and 

breast milk.

Antidepressant 
(plasma protein 

binding
1
)

Amniotic fluid Umbilical cord 
plasma Breast milk

Reference

k n
Combined 
mean 
(Range)

k n
Combined 
mean 
(Range)

k n
Combined 
mean 
(Range)

Amitriptyline 
(96%, 87–93%)

4 5 0.95 (0.56–
1.42)

(Bader & Newman, 1980; Brixen- 
Rasmussen et al., 1982; Pittard & 
O’Neal, 1986; Yoshida et al., 1997a)

Amoxapine (92%) 1 1 <0.21 (Gelenberg, 1979)

Bupropion (80%) 1 8 0.78 (0.37–
1.66)

1 18 1.14 (0.30–
5.08)

3 13 1.95 (0.63–
5.79)

(Briggs et al., 1993; Davis et al., 
2009; Fokina et al., 2016; Haas et 
al., 2004)

Citalopram (80%) 2 10 2.03 (0.35–
6.97)

6 35 0.86 (0.42–
1.66)

10 38 2.05 (0.78–
7.23)

(Berle et al., 2004; Franssen et al., 
2006; Heikkinen et al., 2002; 
Hendrick et al., 2003; Jensen et al., 
1997; Laine et al., 2003; Loughhead 
et al., 2006a; Paulzen et al., 2017b; 
Pogliani et al., 2017; Rampono et 
al., 2000; Rampono et al., 2009; 
Schmidt et al., 2000; Schoretsanitis 
et al., 2019; Sit et al., 2011; Spigset 
et al., 1997; Weisskopf et al., 2017; 
Weissman et al., 2004)

Clomipramine 
(97%, 98%)

1 7 0.74 (0.36–
1.48)

2 3 1.08 (0.89–
1.26)

(Loughhead et al., 2006b; 
Schimmell et al., 1991; Yoshida et 
al., 1997a)

Desipramine 
(<85%)

1 1 1.22 (Stancer & Reed, 1986)

Desvenlafaxine 
(30%)

1 10 1.86 (1.40–
2.47)

(Rampono et al., 2011)

Dothiepin (84%) 4 38 1.48 (0.33–
3.24)

(Buist et al., 1993b; Ilett et al., 
1992; Rees et al., 1976; Yoshida et 
al., 1997a)

Doxepin (80%, 
80%)

3 3 1.00 (0.27–
1.44)

(Frey et al., 1999; Kemp et al., 
1985; Matheson et al., 1985)

Duloxetine 
(>90%)

3 3 1.08 (0.12–
2.70)

4 9 0.40 (0.12–
1.29)

(Boyce et al., 2011; Briggs et al., 
2009; Collin-Levesque et al., 2018; 
Lobo et al., 2008)

Escitalopram 
(56%)

1 1 0.18 2 2 0.73 (0.50–
0.96)

3 10 2.19 (1.68–
3.00)

(Castberg & Spigset, 2006; 
Loughhead et al., 2006a; Rampono 
et al., 2006; Rampono et al., 2009; 
Sit et al., 2011; Weisskopf et al., 
2017)

Fluoxetine (95%, 
85–90%)

1 11 0.11 (0.02–
0.20)

5 36 0.76 (0.14–
1.48)

12 79 0.53 (0.08–
2.23)

(Berle et al., 2004; Burch & Wells, 
1992; Hale et al., 2001; Heikkinen 
et al., 2003; Hendrick et al., 2003; 
Hendrick et al., 2001; Isenberg, 
1990; Kim et al., 2006; Kristensen 
et al., 1999; Laine et al., 2003; 
Loughhead et al., 2006a; Rampono 
et al., 2004; Rampono et al., 2009; 
Weisskopf et al., 2017; Weissman et 
al., 2004; Yoshida et al., 1998)

Fluvoxamine 
(77%)

1 1 0.10 3 3 0.52 (0.08–
0.78)

6 7 0.98 (0.29–
1.57)

(Arnold et al., 2000; Hagg et al., 
2000; Hostetter et al., 2000; 
Kristensen et al., 2002; Rampono et 
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Antidepressant 
(plasma protein 

binding
1
)

Amniotic fluid Umbilical cord 
plasma Breast milk

Reference

k n
Combined 
mean 
(Range)

k n
Combined 
mean 
(Range)

k n
Combined 
mean 
(Range)

al., 2009; Sit et al., 2011; Weisskopf 
et al., 2017; Wright et al., 1991; 
Yoshida et al., 1997b)

Imipramine 
(8096%, <85%)

2 5 1.10 (0.69–
1.38)

(Sovner & Orsulak, 1979; Yoshida 
et al., 1997a)

Moclobemide 
(50%)

1 6 0.72 (Pons et al., 1990)

Mianserin (90%) 1 2 2.22 (0.80–
3.64)

(Buist et al., 1993a)

Mirtazapine (85%) 3 9 1.08 (0.56–
1.51)

(Aichhorn et al., 2004; Kristensen et 
al., 2007; Tonn et al., 2009)

Nortriptyline (87–
93%)

3 11 2.97 (0.25–
26.43)

1 1 1.62 (Loughhead et al., 2006b; Matheson 
& Skjaeraasen, 1988; Sit et al., 
2011; Sjoqvist et al., 1972)

Paroxetine (95%) 1 2 0.13 (0.05–
0.21)

5 42 0.40 (0.15–
0.91)

8 63 0.63 (0.05–
2.37)

(Begg et al., 1999; Berle et al., 
2004; Hendrick et al., 2003; 
Loughhead et al., 2006a; Misri et 
al., 2000; Oberlander et al., 2004; 
Ohman et al., 1999; Rampono et al., 
2004; Rampono et al., 2009; Spigset 
et al., 1996; Stowe et al., 2000; 
Weisskopf et al., 2017; Weissman et 
al., 2004)

Reboxetine 
(>97%)

1 4 0.06 (0.05–
0.08)

(Hackett et al., 2006)

Sertraline (95%) 2 11 0.34 (0.02–
0.88)

7 43 0.44 (0.14–
1.2)

8 50 1.62 (0.22–
3.00)

(Altshuler et al., 1995; Berle et al., 
2004; Hendrick et al., 2003; 
Hostetter et al., 2000; Kristensen et 
al., 1998; Loughhead et al., 2006a; 
Paulzen et al., 2017a; Pogliani et al., 
2017; Rampono et al., 2004; 
Rampono et al., 2009; 
Schoretsanitis et al., 2019; Sit et al., 
2011; Stowe et al., 2003; Stowe et 
al., 1997; Weisskopf et al., 2017; 
Weissman et al., 2004)

Trazodone 
(8995%)

1 6 0.14±0.04 (Verbeeck et al., 1986)

Venlafaxine (27%, 
30%)

2 8 2.77 (0.43–
4.70)

7 27 0.98 (0.18–
2.08)

5 19 2.59 (0.85–
4.85)

(Berle et al., 2004; Boucher et al., 
2009; Hostetter et al., 2000; Ilett et 
al., 1998; Ilett et al., 2002; 
Loughhead et al., 2006a; Newport et 
al., 2009; Paulzen et al., 2020; 
Pogliani et al., 2017; Rampono et 
al., 2004; Rampono et al., 2009; 
Schoretsanitis et al., 2019; Sit et al., 
2011)

k: number of studies; n: number of patients. Studies for moclobemide and trazodone included single-dose data and do not reflect steady-state 
conditions. For amitriptyline, clomipramine, doxepin, fluoxetine, imipramine and venlafaxine provided levels refer to the active moiety, i.e. the sum 
of the parent compound and the active metabolite.

1
When two numbers are given, the first represents the plasma protein binding for the parent substance, while the second represents the plasma 

protein binding for the active metabolite

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2022 April 20.


	Abstract
	Introduction
	Aims of the Study

	Material and Methods
	Inclusion criteria
	Data extraction
	Outcomes & statistical analysis
	Quality assessment

	Results
	Excretion into amniotic fluid
	Excretion in umbilical cord plasma
	Excretion into breast milk
	Quality assessment

	Discussion
	Package inserts on antidepressant transfer into amniotic fluid, umbilical cord blood & breast milk
	Limitations and clinical implications

	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.
	Table 2.

