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Objective: Pharmacotherapy for mood disorders during pregnancy is
often complicated by pregnancy-related pharmacokinetic changes and
the need for dose adjustments. The objectives of this review are to
summarize the evidence for change in perinatal pharmacokinetics of
commonly used pharmacotherapies for mood disorders, discuss the
implications for clinical and therapeutic drug monitoring (TDM), and
make clinical recommendations.
Methods: The English-language literature indexed on MEDLINE/
PubMed was searched for original observational studies (controlled and
uncontrolled, prospective and retrospective), case reports, and case se-
ries that evaluated or described pharmacokinetic changes or TDM dur-
ing pregnancy or the postpartum period.
Results: Pregnancy-associated changes in absorption, distribution,
metabolism, and elimination may result in lowered psychotropic drug
levels and possible treatment effects, particularly in late pregnancy.
Mechanisms include changes in both phase 1 hepatic cytochrome P450
and phase 2 uridine diphosphate glucuronosyltransferase enzyme ac-
tivities, changes in hepatic and renal blood flow, and glomerular filtra-
tion rate. Therapeutic drug monitoring, in combination with clinical
monitoring, is indicated for tricyclic antidepressants and mood stabi-
lizers during the perinatal period.
Conclusions: Substantial pharmacokinetic changes can occur during
pregnancy in a number of commonly used antidepressants and mood
stabilizers. Dose increases may be indicated for antidepressants includ-
ing citalopram, clomipramine, imipramine, fluoxetine, fluvoxamine,
nortriptyline, paroxetine, and sertraline, especially late in pregnancy.
Antenatal dose increases may also be needed for lithium, lamotrigine,
and valproic acid because of perinatal changes in metabolism. Close
clinical monitoring of perinatal mood disorders and TDM of tricyclic
antidepressants and mood stabilizers are recommended.
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Untreatedmood disorders during pregnancy are associated with
health risks to both mother and fetus, making the goal of

euthymia paramount.1Y4 Guidelines for the management of major
depressive disorder and bipolar disorder during pregnancy stress
the importance of preconception treatment planning and close
clinical monitoring.2,5 Most women who discontinue mainte-
nance antidepressants or mood-stabilizer pharmacotherapy for
a pregnancy will experience a relapse during the pregnancy.
Therefore, immediate and prophylactic treatment of many women
with mood disorders will include pharmacologic treatment.6,7

Treatment during pregnancy is complicated by pharmacokinetic
changes, which can result in lowered psychotropic drug levels
and/or treatment efficacy.

Therapeutic drug monitoring (TDM) is an integral aspect of
the standard of care for medications with established therapeutic
ranges, a narrow therapeutic index or significant pharmacokinetic
variability, which includes some mood stabilizers and tricyclic
antidepressants (TCAs). Given the evidence for changes in peri-
natal physiology and pharmacokinetics, TDM has the potential to
optimize dosing by avoiding supratherapeutic doses that would
increase drug exposure to the mother and fetus or subtherapeutic
dosing that would expose the dyad to the consequences of
undertreated psychiatric illness. A comprehensive discussion that
includes the potential risks of undertreated mental illness for the
mother and fetus, benefits of nonpharmacologic and potential
risks, and benefits to psychopharmacologic treatment8Y16 is es-
sential to quality patient care. In cases of polypharmacy, TDM can
be valuable in avoiding adverse effects due to drug-to-drug in-
teractions. For medications without standardized therapeutic
ranges, an individual woman’s drug level at a time when she is
clinically asymptomatic that can be used as a target serum drug
level during pregnancy may be useful.17,18

The objectives of this review are to summarize the evi-
dence for changes in perinatal pharmacokinetics of psychotro-
pic medications commonly used for mood disorders during
pregnancy, consider the implications for clinical and TDM, and
make clinical recommendations.

MATERIALS AND METHODS
The English-language literature indexed on MEDLINE/

PubMed was searched for the period between 1966 and 2013
using the following key terms: antidepressant, fluoxetine, sertraline,
paroxetine, citalopram, escitalopram, fluvoxamine, venlafaxine, des-
venlafaxine, duloxetine, bupropion, mirtazapine, trazodone, vi-
lazodone, amitriptyline, clomipramine, desipramine, doxepin,
imipramine, nortriptyline, protriptyline, trimipramine, amoxapine,
maprotiline, selective serotonin reuptake inhibitor (SSRI), selective
norepinephrine reuptake inhibitor (SNRI), tricyclic, tetracyclic,
mood stabilizer, antiepileptic, lithium, lamotrigine (LTG), carba-
mazepine (CBZ), valproic acid (VPA), pregnancy, prenatal, deliv-
ery, post-partum, female, gender, pharmacokinetics, dosing,
therapeutic drug monitoring, and drug level. Resultant articles
were cross-referenced for other relevant articles not identified in
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the initial search. Original observational studies, case reports, and
case series that evaluated or described pharmacokinetic changes or
TDM during pregnancy or the postpartum were included.

RESULTS

Pharmacokinetics During the Perinatal Period
The drug doseYeffect relationship is complex, including not

only interperson pharmacokinetic and pharmacodynamic variabil-
ity but also genetic variability controlling the translation of proteins
involved in metabolizing enzymes, drug transporters, and drug
targets. Small-to-moderate sex differences, which exist in drug ab-
sorption, distribution, metabolism, and elimination,19Y21 may be
amplified during pregnancy. For example, women have a slower
gastric emptying22 and small bowel and colonic transit time when
compared with men, which are further slowed during pregnancy.23,24

The increased plasma volume, change in protein binding, and lower
ratio of lean muscle to adipose tissue in pregnant women may result
in a greater volume of drug distribution for lipophilic drugs. Together,
these changes likely contribute to a small effect in the peak plasma
concentrations.19 Hepatic clearance of psychotropic medications is
also altered, most notably due to pregnancy-associated changes
in metabolic enzymes. Of the multiple families of metabolic en-
zymes,25 the phase 1 metabolism cytochrome P450 (CYP) family
has been best studied in pregnancy. Individual drugs often un-
dergo metabolism by several CYP and/or non-CYP pathways.
Other families of enzymes include phase 2 metabolism enzymes
such as uridine diphosphate glucuronosyltransferase (UGT) and
N-acetyltransferase. Increased sex steroids associatedwith pregnancy
may modulate several of the CYP450 and UGT isoforms in a
clinically relevant manner. Synthetic analogs of sexsteroids associ-
ated with pregnancy, such as those used in hormone replace-
ment therapy or oral contraceptives, modulate several CYP450
isoforms via inhibition (CYP1A2,26 CYP2C19,27 CYP2B6,28 and
CYP3A429), induction (CYP2A630), or increasing glucuronidation
by UGT1A4 and possibly UGT2B7.31,32 Cytochrome P450 and
UGT changes may also have effects on adverse effect burden for
both mother and fetus/infant because drug exposure partially de-
pends on metabolism. Changes in maternal drug pharmacokinetics
in conjunction with placental transfer and fetal drug metabolism
affect fetal psychotropic drug exposure.33Y41

Cytochrome P1A2 is less active in women compared with
men42 and is inhibited by sex steroids.43,44 The activity of CYP1A2
is reduced by 65% to 70% at the end of pregnancy compared with
the postpartum period32 and may affect psychotropics metabolized
by CYP1A2 including fluvoxamine, duloxetine, amitriptyline,
clomipramine, desmethylimipramine, imipraminem, and doxepin.

Greater CYP3A4 activity in women (via progesterone ef-
fects)42,45 has the potential to accelerate metabolism and reduce
plasma levels of some commonly used psychotropics partially
metabolized via CYP3A4 including citalopram, escitalopram,
fluoxetine, paroxetine, trazodone, venlafaxine, desvenlafaxine,
bupropion, mirtazapine, amitriptyline, clomipramine, imipra-
mine, trimipramine, doxepin, and CBZ.

During pregnancy, CYP2C19 activity is reduced by almost
50%.46 Pharmacokinetic changes associated with CYP2C19
during pregnancy may affect the metabolism of citalopram,
escitalopram, sertraline, fluoxetine, vilazodone, venlafaxine,
amitriptyline, clomipramine, trimipramine, imipramine, and
desmethylimipramine.47

Cytochrome P2D6 is generally induced during pregnancy,32,48

and CYP2D6-associated pharmacokinetic changes may affect the
metabolism of numerous psychotropics from the SSRIs, SNRIs,
and TCA drug classes. Maternal CYP metabolic phenotype (eg,

poor, intermediate, extensive, and ultrarapid) is an important de-
terminate of metabolism. Different allelic forms of CYP2D6 may
result in differing therapeutic dosing requirements. In nonpreg-
nant patients, dose adjustments may be required based in part on
CYP2D6 phenotype.49 In pregnancy, phenotype influences meta-
bolic ratios of medications biotransformed by CYP2D6.48

Increased renal blood flow and the associated increase in
glomerular filtration rate (GFR) may increase drug (eg, lithium)
elimination during pregnancy.50 Although the studies are in-
consistent,51,52 increased hepatic blood flow may account for
increased clearance and decreased concentration of high ex-
traction ratio drugs during pregnancy.

The postpartum period is characterized by a rapid decline in
sex steroid levels, contraction of plasma volume, reestablishment
of hepatic enzyme activity after a period of metabolic refractory
activity,53Y56 and a return of the GFR to prepregnancy levels. As a
consequence, increased drug blood levels may result and manifest
as adverse effects of toxicity, especially when an increased dose
used during pregnancy is continued into the postpartum.57

In addition to changes in maternal pharmacokinetics, patient-
specific psychologic factors and physiologic effects of pregnancy
on vulnerability and treatment responsiveness may also influence
treatment outcomes. Pregnancy brings about a psychosocial con-
text, which differs among women, aspects of which can affect the
risk of mood disorder recurrence during pregnancy or treatment
efficacy.58 Physiologic changes associated with pregnancy may
interact with underlying sexual dimorphisms in the localization
and concentration of endogenous neurotransmitters and their de-
gradative enzymes and transporters, having the potential to clini-
cally affect antidepressant pharmacodynamics (eg, drug-receptor
interactions), particularly if they are sex steroid hormone
responsive.59Y62

Evidence for Change in Perinatal Phase 1
Metabolism: SSRIs

Somewomen will experience increased metabolism of SSRIs
in late pregnancy and may require higher dosing, especially during
the third trimester to maintain clinical benefits. Fluoxetine is
predominantly metabolized by CYP2C9 to its active metabolite
norfluoxetine, which is also pharmacologically active63,64; CYP3A4,
CYP2D6, and CYP2C19 additionally contribute to fluoxetine’s
metabolism.63Y67 Mean fluoxetine-metabolite ratio levels decrease
between 20 to 26 weeks and 30 to 36 weeks’ gestation, sugges-
ting increased clearance during pregnancy, whereas postpartum
fluoxetine-metabolite ratio levels increase, suggesting reduced
clearance after delivery.56 Similarly, higher maternal serum con-
centrations of fluoxetine and norfluoxetine in the postpartum peri-
od, compared with the third trimester, have been reported in women
taking the same fluoxetine dose during both periods.68 Decreased
albumin levels in pregnancy may result in low plasma trough con-
centrations of highly protein-bound fluoxetine and norfluoxetine.
Pregnancy-associated induced demethylation of fluoxetine by
CYP2D6 may contribute to lower trough levels in pregnancy
compared with the postpartum period.69

Sertraline and its main weakly active metabolite N-
desmethylsertraline are substrates of several P450 enzymes, in-
cluding CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4.
Sertraline dose increases are often required early in the third tri-
mester to treat emergent depressive symptoms or maintain eu-
thymia70 with somewomen experiencing increased drugmetabolism
from second to third trimester.71

Paroxetine has no known pharmacologically active me-
tabolites and is predominantly metabolized via CYP2D6 and to
a lesser extent via CYP3A4.72 Steadily decreasing plasma levels
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of paroxetine and increasing depressive symptoms can occur in
pregnancy in women with the CYP2D6-extensive or ultrarapid
metabolizer genotype. Cytochrome P2D6 intermediate and poor
metabolizers may have increasing plasma levels of paroxetine
throughout pregnancy.73 Antidepressant accumulation in poor
and intermediate metabolizers could potentially have adverse
effects on the fetus.74

Citalopram, a racemic mixture of R- and S-citalopram, and the
more pharmacologically active S-enantiomer, escitalopram, are
metabolized via demethylation at CYP2C19, CYP2D6, and
CYP3A4.75,76 Main metabolites include desmethylcitalopram and
didesmethylcitalopram. Doses of citalopram result in low trough
plasma concentrations and metabolites during pregnancy but a
significantly higher mean desmethylcitalopram-citalopram meta-
bolic ratio compared with 2 months postpartum, suggesting in-
duced metabolism during pregnancy.53 Decreased level/dose ratios
are associated with lowered drug efficacy and increased dose re-
quirements in the second half of gestation.55 Enhanced demethyla-
tion of citaloprambyCYP2D6may in part contribute to lower trough
levels in pregnancy as compared with the postpartum period.53,77

Fluvoxamine is an achiral drug without clinically significant
active metabolites. It undergoes metabolism via CYP2D6 and
CYP1A2, and its main metabolite is fluvoxamine acid.78 Phar-
macokinetic studies during pregnancy were not found for flu-
voxamine, but CYP2D6 activity has been shown to be increased
during the third trimester and associated with decreased plasma
drug concentrations and possibly diminished efficacy. This effect
may be offset by the decreased CYP1A2 activity seen throughout
pregnancy.32

Vilazodone is metabolized through CYP, mainly CYP3A4
with lesser contributions from CYP2C19 and CYP2D6, and non-
CYP pathways.78 Pharmacokinetic studies during pregnancy were
not found for vilazodone, but the 2 main CYP isoenzymes re-
sponsible for its metabolism demonstrate different overall changes
in activity during pregnancy (ie, CYPC19 is reduced, and CYP2D6
is increased). The net effect of these changes on vilazodone during
pregnancy is unknown.

Evidence for Change in Perinatal Phase 1
Metabolism: SNRIs

Venlafaxine is renally excreted and predominantly metabo-
lized by CYP2D6 intoO-desmethylvenlafaxine (ie, desvenlafaxine)
and CYP3A4 to N-desmethylvenlafaxine. Although dose adjust-
ments for sex are not generally indicated, women have higher dose-
corrected concentrations than men.79,80 An analysis that compared
venlafaxine and its metabolic products in the first and third tri-
mester to the postpartum period did not find concentration dif-
ferences.77 In contrast, 1 case report of a pregnant adolescent
patient with bipolar II disorder treated with venlafaxine extended
release and concomitant psychotropics reported 2-fold higher
venlafaxine plasma levels in the postpartum than during preg-
nancy for the same dose.57

Unlike venlafaxine, desvenlafaxine ismetabolized byCYP3A4
and is biotransformed to N,O-didesmethylvenlafaxine and a hy-
droxylated metabolite.81 No pharmacokinetic studies during
pregnancy were located for desvenlafaxine, but based on studies
of CYP3A4 with other antidepressants, its metabolism has the
potential to be reduced during pregnancy.

Duloxetine undergoes oxidative metabolism to 4-, 5-, and 6-
hydroxy duloxetine by CYP2D6 and CYP1A2 and subsequent
sulfate and glucuronide conjugation.82 Nonpregnant women have
a 64% higher average steady-state concentration than men, in part
because of lower CYP1A2 activity in women.83 No pharmaco-
kinetic studies during pregnancy were located for duloxetine;

however, 1 study reported duloxetine plasma levels in healthy
lactating postpartum women comparable with those observed in
healthy adults.84

Evidence for Change in Perinatal Phase 1
Metabolism: Other Antidepressants

Bupropion is extensively metabolized in the liver primarily
by CYP2B6 to its main active metabolite, hydroxybupropion, and
to threo- and erythrohydrobupropion via carbonyl reduction.
During pregnancy, the placenta is a site of bupropion biotrans-
formation, although carbonyl reduction is favored over oxidative
biotransformation at this tissue site.38,85,86 To a lesser extent, the
CYP1A2, 2A6, 2C9, 2D6, 2E1, and 3A4 isoforms are also in-
volved in bupropion metabolism.87Y89 Sex hormones inhibit up to
50% of bupropion hydroxylation via CYP2B6,28 but the isoform
shows high interindividual variability.90 No systematic studies
have been published that inform the pharmacokinetics or TDM
for bupropion in pregnancy.

Mirtazapine is a tetracyclic antidepressant that is rapidly and
completely absorbed. Major pathways of biotransformation in-
clude demethylation and oxidation followed by conjugation.
Mirtazapine undergoes N-demethylation via CYP3A4 into the
pharmacologically active desmethylmirtazapine and hydroxyl-
ation by CYP2D6 and CYP1A2. Because several metabolic
pathways contribute to mirtazapine’s biotransformation, genetic
polymorphisms affecting activity in any one of the pathways are
not hypothesized to result in clinically significant changes in
mirtazapine plasma concentrations91Y93; however, CYP2D6 ge-
notype may influence the concentrations of the enantiomers of
mirtazapine and its metabolites.94 Nonpregnant women exhibit
longer elimination half-lives and a 15% lower drug disposition as
compared with men.95 Women show higher plasma concentra-
tions compared with men,94 but it is unknown if this results in
differences in clinical efficacy. No pharmacokinetic studies dur-
ing pregnancy were located for mirtazapine.

Trazodone is highly lipophilic, well absorbed, and exten-
sively metabolized by the liver via hydroxylation, N-oxidation and
N-dealkylation. Cytochrome P3A4 mediates the N-dealkylation
that results in the formation of the active metabolite 1-m-
chlorophenylpiperazine, which then undergoes hydroxylation by
CYP2D6.96 Therapeutic response has been associated with plas-
ma trazodone concentrations of approximately 700 ng/mL but not
with 1-m-chlorophenylpiperazine97 plasma levels. Cytochrome
P1A2 may also be involved in trazodone metabolism. Higher drug
concentrations have been found in females98 as compared with
men. Pharmacokinetic data are limited to 1 case report of a preg-
nant patient treated with trazodone extended release of 150 mg/d
in conjunction with other psychotropics. Plasma trazodone drug
levels and the elimination half-life remained stable throughout
pregnancy.57

Evidence for Change in Perinatal Metabolism: TCA
Tricyclic antidepressants metabolism is complex, and the

pharmacokinetic changes observed in pregnancy likely reflect a
summation of multiple metabolic effects including phase 1 and 2
metabolism. Generally, tertiary TCAs are demethylated by varying
CYP450 enzymes into secondary TCAs and then undergo hy-
droxylation by CYP2D6 and glucuronidation by UGT. No phar-
macokinetic or TDM studies during pregnancy were located for
amitriptyline, desipramine, doxepin, protriptyline, trimipramine,
amoxapine, or maprotiline.

A landmark study by Wisner et al99 (1993) evaluated nor-
triptyline, clomipramine, and imipramine levels during pregnancy
compared with nonpregnancy doses and levels. The final dose
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required during pregnancy to maintain therapeutic drug levels was
an average of 1.3 to 2.0 times the dose required when not pregnant.
Doses increased over the second half of pregnancy, especially in the
third trimester. The third trimester was associated with rapid ac-
celeration of the required dose increase,99 and patients responded at
plasma levels similar to those before pregnancy. Subsequent case
reports of decreased plasma levels of nortriptyline and imipramine
during pregnancy associated with recurrence of depressive symp-
toms confirm these findings.100 Nortriptyline level/dose ratios rise
during the 2 to 6 postpartum weeks and then decline and stabilize
around week 11 and beyond (Table 1).54

Evidence for Change in Perinatal Metabolism of
Mood Stabilizers: Lithium, LTG, CBZ, and VPA

Lithium

Although effects of pregnancy on the pharmacokinetics of
antidepressant metabolism are variable, pregnancy more clearly
affects the pharmacokinetics of lithium and some antiepileptic
drugs (AEDs). Lithium is rapidly absorbed through the upper
gastrointestinal tract and is almost exclusively renally eliminated
without undergoing biotransformation. It is filtered through the
glomeruli as a free ion, and 80% is reabsorbed by the proximal

tubule.102,103 The pharmacodynamics of lithium is influenced by
weight, renal function, age, coadministered medications, preg-
nancy, and lactation.102,104 If the excretion of lithium is impaired,
plasma ion concentrations can increase dramatically and precipi-
tate toxicity.103 Lithium has an established therapeutic drug level
and a narrow therapeutic index of 0.6 to 1.2 mEq/L. Lithium
clearance is 20% to 30% of the GFR and thus varies with GFR.
During pregnancy, lithium increases by 30% to 50% because of
increased renal blood flow and GFR, particularly in the last
months of gestation,50,104,105 causing plasma levels to decrease
substantially, increasing the risk of maternal relapse.106 At deliv-
ery, vascular volume rapidly decreases, and lithium clearance
precipitously decreases to prepregnancy levels.102,107

Lamotrigine

Lamotrigine is the most widely prescribed AED for epilepsy
in women of reproductive age108 and is often used for mainte-
nance treatment of bipolar disorder. Lamotrigine almost entirely
undergoes hepatic glucuronic acid conjugation to its inactive
metabolite LTG 2-N-glucuronide via UGT1A4. The sex steroid
changes that occur in pregnancy increase phase 2 glucuronidation,
which leads to increased LTG clearance.109,110 2-N-glucuronide/
LTG ratios are reported to be 175% higher in the third trimester

TABLE 1. Change in Perinatal Antidepressant Phase 1 Metabolism and Indications for Perinatal Dose Adjustments

Antidepressant
Main Isoenzymes Involved

in Metabolism101
Evidence of Change in Metabolism

in Pregnancy

Dose increase may be indicated after 20 weeks gestation
Citalopram CYPC19, CYP2D6, CYP3A4 Increased drug metabolism between

20 weeks and delivery53,55

Clomipramine CYP1A2, CYP2C19, CYP2D6, CYP3A4 Decreased plasma levels99,100

Imipramine CYP1A2, CYP2C19, CYP2D6, CYP3A4 Decreased plasma levels99

Dose increase may be indicated in third trimester
Fluoxetine CYP2C9, CYP2C19, CYP2D6, CYP3A4 Higher maternal serum concentrations in

the postpartum period compared with
the third trimester68,69; mean ratios of
fluoxetine to metabolite levels
decreased during pregnancy.56

Fluvoxamine CYP1A2, CYP2D6 Increased CYP2D6 activity in third
trimester32

Nortriptyline CYP2D6 Decreased plasma levels99,100

Paroxetine CYP2D6, CYP3A4 Plasma levels may increase or decrease,
varies with metabolizer genotype.73,74

Sertraline CYP2B6, CYP2C9, CYP2C19, CYP2D6,CYP3A4 Marked heterogeneity in range of
pharmacokinetic changes70,71

Dose adjustments generally not indicated
Venlafaxine CYP2D6, CYP2C19, CYP3A4 Metabolism consistent across pregnancy

and the postpartum77; report of 2-fold
increase plasma level in postpartum57

Insufficient data on need for dose adjustment
Amitriptyline CYP1A2, CYP2C19, CYP2D6, CYP3A4

[Insufficient data for change in metabolism
in pregnancy.]

Bupropion CYP2B6, CYP2D6, CYP1A2, CYP2A6, CYP2C9, CYP2E1, CYP3A4
Desipramine CYP2D6
Desvenlafaxine CYP3A4
Doxepin CYP1A2, CYP2D6, CYP2C19, CYP3A4
Duloxetine CYP1A2, CYP2D6
Mirtazapine CYP1A2, CYP2D6, CYP3A4
Trazodone CYP3A4
Trimipramine CYP2C19, CYP2D6, CYP3A4
Vilazodone CYP3A4, CYP2C19, CYP2D6
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than at baseline. Less significant pregnancy-induced changes can
also affect LTG levels, such as the degree of plasma protein bind-
ing, absorption, or transplacental transfer.109,111

Although there is substantial variability in the pharmaco-
kinetics of LTG among women,112Y114 plasma concentrations
consistently decline in pregnancy.17,113Y117 Lamotrigine clear-
ance increases substantially at pregnancy onset118 and continues
to increase progressively through the third trimester.17,18,113

Lamotrigine clearance potentially increases greater than 330%
between preconception and the third trimester. An average dose
increase of 250% is required to sustain therapeutic drug levels
across pregnancy in women with epilepsy.113 Beginning within
days of delivery and continuing during the first weeks post-
partum, LTG elimination rate drops rapidly and plasma con-
centrations increase dramatically.109,113,115,116,119

Carbamazepine

Carbamazepine is metabolized hepatically mainly via con-
version to an active metabolite, 10,11-epoxide. The 10,11-epoxide
is then metabolized to inactive compounds via glucuronidation,
conjugation, and hydroxylation. Carbamazepine induces the P450
system, which can increase the metabolism of medications admin-
istered concurrently.120 Carbamazepine clearance seems to increase
in pregnancy,121 with some studies reporting declining total con-
centrations of CBZ during the second and third trimester,122Y127

whereas others have not found a significant change in CBZ plasma
clearance.128 A study of 22 pregnancies reported a 42% decline in
total plasma level and a 22% decline in free concentration.129 The
measurement of total plasma concentrations of CBZ may be mis-
leading, given that studies suggest that although the total concen-
tration of CBZ decreases significantly in pregnancy, free-CBZ
levels may not change when compared with baseline123,129 until
delivery.129 The decrease in protein binding is likely the cause of the
decrease in total CBZ concentration because the free concentration
is less affected.129

Valproic Acid

Of all the mood stabilizers, VPA has the greatest risk of
teratogenicity including neural tube defect and neurocognitive
impairment15,16 and should not be considered a first-line mood
stabilizer in women of reproductive potential. However, VPA is
often prescribed to women of childbearing age.130 If the decision
is made that VPA is the appropriate medication for perinatal mood
stabilization, despite the risks, a number of measures can be taken
to minimize fetal risk.

Highly protein bound, VPA pharmacologic activity is due to
the free or unbound drug that crosses the blood-brain barrier.
Valproic acid metabolism is complex because it undergoes a va-
riety of different metabolic processes including mitochondrial
beta-oxidation, CYP450-dependent processes including CYP2C9,
CYP2C19, and CYP2A6, and glucuronidation. The half-life of
VPA can be altered dramatically when administered with other
medications that affect these pathways.120

An increase in VPA clearance resulting in a decrease in
serum VPA levels has been observed particularly at the end of
the third trimester.128,131Y133 The plasma concentration of VPA
decreases by as much as 50% in the last few weeks of preg-
nancy; however, no significant changes have been found in
unbound concentrations.131,134 Concentration-dependent, VPA
plasma protein binding decreases during pregnancy, and the free
fraction increases as serum concentrations rise.134 Although
VPA is highly protein bound, several authors133Y136 have noted
that while the total VPA levels decline, free levels do not and in
fact remain unchanged or even increased. This suggests that
both free and total plasma levels of VPA should be measured

during pregnancy.134,135 Valproic acid concentration decreases
sharply in the immediate postpartum period (Table 2).131

DISCUSSION AND CLINICAL
RECOMMENDATIONS

Antidepressants
The relationships between drug dose, TDM, and therapeutic

effects are complex. Interindividual differences result from phar-
macokinetic and pharmacodynamic variability, as well as genetic
variants influencing the translation of proteins involved in me-
tabolizing enzymes, drug transporters, and drug targets. At the
level of the individual, perinatal changes in pharmacokinetics may
or may not lead to changes in drug or metabolite levels. In addi-
tion, changes in drug or metabolite levels do not necessarily lead
to alternations in clinical status.

Although SSRI concentrations fluctuate in pregnancy, the
relationship between SSRI blood levels and clinical response is not
well established.142Y144 Despite the lack of clarity in the relation-
ship between SSRI blood levels and clinical response, data suggest
that many pregnant women on antidepressant monotherapy may
require dose increases, especially after 20 weeks gestation,70

to treat depressive symptoms or maintain euthymia. Studies to
date suggest broad interindividual variability in pharmacokinetic
changes, with some but not all women experiencing faster SSRI
metabolism in late pregnancy. To maintain euthymia for some
women in late pregnancy, the SSRI dose may need to be increased
almost 2-fold the dose required earlier in pregnancy.70 Based on
population data, at this time, there is insufficient evidence to sup-
port routine therapeutic blood level monitoring of antidepressants
other than TCAs during pregnancy or the postpartum. Therapeutic
drug monitoring is especially helpful with the TCA class, not only
to monitor efficacy but also toxicity. Clinical presentation, ideally
in combination with the use of measurement-based care using
standardized assessments145Y147 during the perinatal period, should
primarily inform treatment decisions.

Although not studied with most non-TCA antidepressants, a
potential patient-specific option is to use the individual woman’s
antidepressant level at a time when she is clinically asymptomatic
as a target serum level during pregnancy. Although these antide-
pressants do not have an established therapeutic range, the indi-
vidual woman’s antidepressant level can be used as a guide for
adjusting dosage during pregnancy and in the postpartum. How-
ever, studies are necessary to determine if this strategy would
improve clinical care and whether it would be cost-effective. In
2004, the Food and Drug Administration suggested that physi-
cians may consider tapering antidepressants in the third trimester
to lower the risk of complications associated with late gestational
exposure to SSRIs;148 however, research does not support that
discontinuing antidepressants in the third trimester diminishes
the risk for neonatal symptoms.149 Postpartum pharmacokinetic
changes can result in the emergence of antidepressant adverse
effects soon after delivery for women who are required for a dose
increase during pregnancy. We recommend close clinical moni-
toring; if adverse effects emerge, the dosage can be lowered. We
do not recommend immediately decreasing the antidepressant to
the preconception dose in the absence of adverse effects.

Standards have been established for TDM for TCAs out-
side the perinatal period, and these serve as a basis for the
measurement and interpretation of perinatal drug levels. During
pregnancy, we recommend monthly monitoring of trough drug
levels. Monitoring is especially important in the third trimester
when dose increases may be necessary. In the postpartum period,
we recommend careful monitoring for adverse effects and taper-
ing to the preconception dose to mitigate adverse effects that may
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be associated with rising serum levels 2 to 6 weeks after delivery.
We recommend checking a blood level whenever adverse effects
emerge in the early postpartum or at least at week 6 when drug
levels have been reported to peak before eventual stabilization
around week 11.54 Dose decreases may be indicated around week
6 to ameliorate adverse effects.

Mood Stabilizers
Women with bipolar disorder are at a heightened risk of re-

lapse in the postpartum,150 and therefore, clinical monitoring and
optimization of treatment is imperative in late pregnancy and early

postpartum. Pregnancy markedly affects the pharmacokinetics of
both LTG and lithium, with plasma concentrations declining
throughout pregnancy.17,113Y116 Therapeutic drug monitoring
of AEDs is common in the treatment of epilepsy during preg-
nancy and may also be useful in the treatment of bipolar disorder
during the perinatal period.

Therapeutic drug monitoring for lithium is well established,
and in pregnancy, renal lithium clearance almost doubles, lower-
ing serum concentrations and increasing the potential for re-
lapse.137 Several authors106,138 recommend frequent TDM of
lithium in pregnancy, up to monthly during pregnancy and up to

TABLE 2. Change in Perinatal Metabolism of Mood Stabilizers and Recommendations for TDM or Dose Adjustments

Mood
Stabilizer

Main Mechanisms
of Metabolism

Evidence of Change in
Metabolism in Pregnancy

Recommendations for Clinical
Monitoring and TDM

Lithium GI absorption Increased renal blood flow and GFR50,105 TDM up to monthly during pregnancy and up
to weekly or biweekly in the last month
of pregnancy106,138 for women who are
required for reinitiation of lithium and have
unstable mood symptoms or concurrent
medical conditions affecting lithium serum
concentrations

Excreted via urine Increased renal lithium clearance137

Lower serum concentrations137,138

TDM each trimester for euthymic women on
stable doses of lithium

Maintain lowest effective level.139

Check maternal lithium level before delivery.
Check therapeutic drug levels immediately after
delivery and for any clinical worsening or
change in clinical status related to obstetrical,
medical, and psychiatric condition.138

Once medically stable, restart preconception dose.
LTG Hepatic glucuronic acid

conjugation via UGT1A4
Increased phase 2 glucuronidation109 Mean dose increase of 250% required to sustain

therapeutic drug levels across pregnancy in
women with epilepsy113

LTG clearance increases and plasma
concentration decreases across
pregnancy.109,111,112,114Y116,118

Use option preconception drug level as a guide
for adjusting dosage.140

Postpartum LTG elimination rate drops
rapidly.109,113,115,116

Use lowest effective dose15

Empirically taper to preconception dose in the
postpartum period111,113,116

CBZ CYP3A4, CYP2B6, CYP2C8,
CYP2E1, CYP2C9,
CYP1A2, UGT

Data are conflicting; CBZ clearance
may increase in pregnancy, whereas
total CBZ concentration decreases
significantly in pregnancy.122Y127

Both free and plasma concentrations should
be monitored.122Y124,129

Lowest effective dose should be used.15

Excreted via urine (72%) and
feces (28%)

After delivery, the dose should be tapered
rapidly to avoid toxicity buildup and
maintain prepregnancy CBZ levels.

Free CBZ levels do not change when
compared with baseline123,129 until
delivery.129

VPA Highly protein bound; complex
hepatic metabolism via
mitochondrial beta-oxidation,
CYP450 (eg, CYP2C9,
CYP2C19, and CYP2A6),
and glucuronidation

Plasma concentration decreases.128,131Y133 Both free and total plasma levels of VPA
should be measured during pregnancy.134,135No significant changes in free or unbound

concentrations in pregnancy131,134 Baseline VPA levels should be obtained before
conception to identify the optimal serum
concentration for mood stabilization.

Sharp decrease in VPA concentration in
the immediate postpartum period131

Use optimal drug level to dose adjustments
during pregnancy.

Levels should be checked at least monthly to
maintain the preconception serum
concentration.141

After delivery, the dose should be tapered
rapidly to avoid toxicity buildup and to
maintain preconception VPA levels.

GI indicates gastrointestinal.
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weekly or biweekly in the last month of pregnancy. This fre-
quency of monitoring may be indicated in women who have
discontinued lithium and require reinitiation of the drug or in
women with medical comorbidities affecting lithium absorption
or clearance, such as hyperemesis gravidarum or dehydration. For
euthymic women on stable doses of lithium, we recommend
checking a lithium level every trimester. Although 0.8 to 1.0 mEq/L
is widely cited as a target effective level,151 during pregnancy,
women should be maintained at the lowest effective level.139

Therapeutic drug monitoring can also be used to prevent women
from lithium toxicity that can occur during immediate changes in
physiology from acute illnesses such as gastroenteritis or other
causes of volume depletion including hyperemesis gravidarum.14

Although the evidence is equivocal, some authors recommend a
sustained-release preparation during pregnancy152 because they
are often thought to produce more stable lithium levels than im-
mediate release preparations.104

A maternal lithium level should be checked when women
present for delivery, and adequate hydration should be ensured;
nephrotoxins and nonsteroidal antiinflammatory drugs should be
avoided.153 Although some authors have recommended holding
lithium at labor onset137,139 or 24 to 48 hours before a scheduled
cesarean delivery or induction,104,106,107,139 this has not been found
to mitigate adverse perinatal outcomes and infant complications.
Others have recommended increasing hydration around delivery to
avoid lithium toxicity.104 Therapeutic drug levels should be checked
24 hours after delivery and then after each dose adjustment.138

At delivery, the risk of some lithium-induced perinatal com-
plications may also be related to neonatal serum levels, especially
for levels greater than 0.64 mEq/L.139 Thus, using the lowest
effective dose that is still within therapeutic range is recommen-
ded.14 If neonatal lithium toxicity is suspected, the neonate’s serum
lithium level should be monitored. Lithium containing sampling
devices should be avoided because they can yield inaccurate
lithium levels.154,155 Maternal GFR returns to pregravid levels
immediately after delivery, and lithium levels return to precon-
ception levels.139 Vascular volume rapidly decreases by approxi-
mately 40% and renal lithium clearance decreases to prepregnancy
levels, leading to increased serum concentrations and risk of ma-
ternal lithium toxicity;106,107,156 thus, preconception doses should
be restarted immediately after delivery.14

The American Academy of Neurology states that evidence
supports active monitoring of LTG levels during pregnancy.114 In
view of the interpatient variability, some authors recommend the
establishment of a baseline LTG concentration in any woman of
childbearing age with epilepsy116,118 and at least monthly moni-
toring during pregnancy and weekly during puerperium.113,118 In
contrast to the use of LTG in the treatment of epilepsy, LTG dosing
in bipolar disorder is typically guided by clinical response. Blood
levels are not routinely obtained, and target therapeutic blood
levels are not defined because they are for other mood stabilizers
such as lithium and VPA. However, an individual’s preconception
level could potentially be used as a guide for prophylactically in-
creasing dosage during pregnancy18,140,157 because LTG levels
decline and potentially reduce risk of relapse and postpartum
psychosis.140,158Y160

If a preconception LTG level is not available for reference,
increases in LTG dosing in late pregnancy should be driven by
clinical response with a low threshold for increased dosage. Post-
partum LTG toxicity is common and can occur in more than 25%
of women, whereas LTG’s elimination rate drops rapidly and
plasma concentrations increase dramatically immediately after
delivery until 2 to 3 weeks postpartum.109,113,115,116 Empirically
tapering to the preconception dose in the postpartum period can
reduce toxicity.111,113,116

For women receiving CBZ, both free and plasma concentra-
tions should be monitored122Y124,129 in combination with close
clinical monitoring; both should guide dose adjustments.129 Sim-
ilar to the other mood stabilizers, the lowest effective dose should
be used in pregnancy. After delivery, the dose should be tapered
rapidly to avoid toxicity and maintain prepregnancy CBZ levels.

For women who plan to conceive while using VPA for mood
stabilization, baseline VPA levels should be obtained before con-
ception to identify the optimal serum concentration for mood sta-
bilization and guide the dose adjustments during pregnancy. Free
and plasma levels should be checked at least monthly to maintain
the preconception serum concentration.141 Valproic acid easily
transfers across the placenta, and congenital malformations corre-
late with maternal VPA concentrations and daily dose.131,161Y163

The lowest effective dosage of VPA, preferably less than 1000mg/d,
should be used in pregnancy.135 To decrease the incidence of
neural tube defects, all women of childbearing age taking most
anticonvulsants should be treated with up to 4 to 5 mg/d of folic
acid. After delivery, the dose should be tapered rapidly to avoid
toxicity buildup and to maintain preconception VPA levels.

Therapeutic drug monitoring can also be used to mitigate
some of the risks associated with drug interactions, which lithium,
LTG, VPA, and CBZ are all very sensitive to. Therapeutic drug
monitoring is imperative to monitor for changes in lithium levels
that can occur secondary to drug-to-drug interactions. Lamotrigine,
VPA, and CBZ are AEDs that can induce or inhibit other drugs and
thereby diminish or enhance the pharmacologic effect of other
drugs. Carbamazepine induces enzyme activity and thus decreases
drug concentrations and the effect of other drugs. In contrast, VPA
inhibits enzyme activity and increases drug concentrations, which
carries the risk of causing drug toxicity. Therapeutic drug moni-
toring can be used to monitor drug concentrations and optimize
treatment.164

Further Recommendations for Clinical Care
The use of antidepressant or mood-stabilizing medications

during pregnancy involves complex clinical decisions based on
the risks and benefits of medications as well as clinical status,
history, and treatment preferences of each woman.4,5,106,113,139,165

Data-driven clinical recommendations for frequency of clinical
monitoring and TDM across pregnancy and the postpartum are
urgently needed, whereas therapeutic ranges have typically been
derived in nonpregnant populations and have not yet been vali-
dated in pregnancy.166 The available data support frequent clinical
monitoring of symptoms throughout pregnancy and postpartum;
therefore, this is strongly recommended.

Further research is critically needed to examine how TDMof
antidepressants and mood stabilizers in pregnancy will inform the
efficacy and safety of psychotropic use for women and their in-
fants. The literature reflects great interindividual variability re-
garding the effects of pregnancy on metabolism of medications
where such data are available. Research is required to identify
biomarkers that would specifically inform which women are at
risk for clinically significant pharmacokinetic changes in their
medications across pregnancy and postpartum.
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CYP2D6 genotype on mirtazapine disposition, evaluated in Spanish
healthy volunteers. Pharmacol Res. 2009;59(6):393Y398.

96. Rotzinger S, Bourin M, Akimoto Y, et al. Metabolism of some
‘‘second’’- and ‘‘fourth’’-generation antidepressants: iprindole,
viloxazine, bupropion, mianserin, maprotiline, trazodone, nefazodone,
and venlafaxine. Cell Mol Neurobiol. 1999;19(4):427Y442.

97. Mihara K, Yasui-Furukori N, Kondo T, et al. Relationship between
plasma concentrations of trazodone and its active metabolite,
m-chlorophenylpiperazine, and its clinical effect in depressed patients.
Ther Drug Monit. 2002;24(4):563Y566.

98. Prapotnik M, Waschgler R, KönigP, et al. Therapeutic drug monitoring
of trazodone: are there pharmacokinetic interactions involving
citalopram and fluoxetine? Int J Clin Pharmacol Ther.
2004;42(2):120Y124.

99. Wisner KL, Perel JM, Wheeler SB. Tricyclic dose requirements across
pregnancy. Am J Psychiatry. 1993;150(10):1541Y1542.

100. Altshuler LL, Hendrick VC. Pregnancy and psychotropic medication:
changes in blood levels. J Clin Psychopharmacol. 1996;16(1):78Y80.

101. Wynn GH, Sandson N, Muniz J. Clinical Manual of Drug Interaction:
Principles for Medical Practice. Washington, DC: American
Psychiatric Publishing, Inc; 2009.

102. Grandjean EM, Aubry JM. Lithium: updated human knowledge using
an evidence-based approach. Part II: Clinical pharmacology and
therapeutic monitoring. CNS Drugs. 2009;23(4):331Y349.

103. Malhi GS, Tanious M. Optimal frequency of lithium administration in
the treatment of bipolar disorder: clinical and dosing considerations.
CNS Drugs. 2011;25(4):289Y298.

104. Malhi GS, Tanious M, Das P, et al. The science and practice of lithium
therapy. Aust N Z J Psychiatry. 2012;46(3):192Y211.

105. Thomsen K, Schou M. Avoidance of lithium intoxication: advice based
on knowledge about the renal lithium clearance under various
circumstances. Pharmacopsychiatry. 1999;32(3):83Y86.

106. Llewellyn A, Stowe ZN, Strader JR Jr. The use of lithium and
management of women with bipolar disorder during pregnancy and
lactation. J Clin Psychiatry. 1998;59(suppl 6):57Y64; discussion 65.

107. Grandjean EM, Aubry JM. Lithium: updated human knowledge using
an evidence-based approach: part III: clinical safety. CNS Drugs.
2009;23(5):397Y418.

108. Sabers A, Dam M, A-Rogvi-Hansen B, et al. Epilepsy and pregnancy:
lamotrigine as main drug used. Acta Neurol Scand. 2004;109(1):9Y13.

109. Ohman I, Beck O, Vitols S, et al. Plasma concentrations of lamotrigine
and its 2-N-glucuronide metabolite during pregnancy in women with
epilepsy. Epilepsia. 2008;49(6):1075Y1080.

110. Ohman I, Luef G, Tomson T. Effects of pregnancy and contraception
on lamotrigine disposition: new insights through analysis of
lamotrigine metabolites. Seizure. 2008;17(2):199Y202.

111. Tran TA, Leppik IE, Blesi K, et al. Lamotrigine clearance during
pregnancy. Neurology. 2002;59(2):251Y255.

112. Petrenaite V, Sabers A, Hansen-Schwartz J. Individual changes in
lamotrigine plasma concentrations during pregnancy. Epilepsy Res.
2005;65(3):185Y188.

113. Fotopoulou C, Kretz R, Bauer S, et al. Prospectively assessed changes
in lamotrigine-concentration in women with epilepsy during
pregnancy, lactation and the neonatal period. Epilepsy Res.
2009;85(1):60Y64.

114. Harden CL, Pennell PB, Koppel BS, et al. Practice parameter update:
management issues for women with epilepsyVfocus on pregnancy (an
evidence-based review): vitamin K, folic acid, blood levels, and
breastfeeding: report of the Quality Standards Subcommittee and

Journal of Clinical Psychopharmacology & Volume 34, Number 2, April 2014 Pharmacokinetic Changes During Pregnancy

* 2014 Lippincott Williams & Wilkins www.psychopharmacology.com 253

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Therapeutics and Technology Assessment Subcommittee of the
American Academy of Neurology and American Epilepsy Society.
Neurology. 2009;73(2):142Y149.

115. Pennell PB, Hovinga CA. Antiepileptic drug therapy in pregnancy I:
gestation-induced effects on AED pharmacokinetics. Int Rev
Neurobiol. 2008;83:227Y240.

116. Tomson T, Battino D. Pharmacokinetics and therapeutic drug
monitoring of newer antiepileptic drugs during pregnancy and the
puerperium. Clin Pharmacokinet. 2007;46(3):209Y219.

117. de Haan GJ, Edelbroek P, Segers J, et al. Gestation-induced changes in
lamotrigine pharmacokinetics: a monotherapy study. Neurology.
2004;63(3):571Y573.

118. Franco V, Mazzucchelli I, Gatti G, et al. Changes in lamotrigine
pharmacokinetics during pregnancy and the puerperium. Ther Drug
Monit. 2008;30(4):544Y547.

119. Ohman I, Vitols S, Tomson T. Lamotrigine in pregnancy:
pharmacokinetics during delivery, in the neonate, and during lactation.
Epilepsia. 2000;41(6):709Y713.

120. Keck PE Jr, McElroy SL. Clinical pharmacodynamics and
pharmacokinetics of antimanic and mood-stabilizing medications.
J Clin Psychiatry. 2002;63(suppl 4):3Y11.

121. De Santis M, De Luca C, Mappa I, et al. Antiepileptic drugs during
pregnancy: pharmacokinetics and transplacental transfer. Curr Pharm
Biotechnol. 2011;12(5):781Y788.

122. Bernus I, Hooper WD, Dickinson RG, et al. Metabolism of
carbamazepine and co-administered anticonvulsants during pregnancy.
Epilepsy Res. 1995;21(1):65Y75.

123. Tomson T, Lindbom U, Ekqvist B, et al. Epilepsy and pregnancy: a
prospective study of seizure control in relation to free and total plasma
concentrations of carbamazepine and phenytoin. Epilepsia.
1994;35(1):122Y130.

124. Battino D, Binelli S, Bossi L, et al. Plasma concentrations of
carbamazepine and carbamazepine 10,11-epoxide during pregnancy
and after delivery. Clin Pharmacokinet. 1985;10(3):279Y284.

125. Dam M, Christiansen J, Munck O, et al. Antiepileptic drugs:
metabolism in pregnancy. Clin Pharmacokinet. 1979;4(1):53Y62.

126. Lander CM, Eadie MJ. Plasma antiepileptic drug concentrations during
pregnancy. Epilepsia. 1991;32(2):257Y266.

127. Gjerde IO, Strandjord RE, Ulstein M. The course of epilepsy during
pregnancy: a study of 78 cases. Acta Neurol Scand.
1988;78(3):198Y205.

128. Otani K. Risk factors for the increased seizure frequency during
pregnancy and puerperium. Folia Psychiatr Neurol Jpn.
1985;39(1):33Y41.

129. Yerby MS, Friel PN, McCormick K, et al. Pharmacokinetics of
anticonvulsants in pregnancy: alterations in plasma protein binding.
Epilepsy Res. 1990;5(3):223Y228.

130. Wisner KL, Leckman-Westin E, Finnerty M, et al. Valproate
prescription prevalence among women of childbearing age. Psychiatr
Serv. 2011;62(2):218Y220.

131. Philbert A, Pedersen B, Dam M. Concentration of valproate during
pregnancy, in the newborn and in breast milk. Acta Neurol Scand.
1985;72(5):460Y463.

132. Levy RH, Yerby MS. Effects of pregnancy on antiepileptic drug
utilization. Epilepsia. 1985;26(suppl 1):S52YS57.

133. Koerner M, Yerby M, Friel P, et al. Valproic acid disposition and
protein binding in pregnancy. Ther Drug Monit. 1989;11(3):228Y230.

134. Yerby MS, Friel PN, McCormick K. Antiepileptic drug disposition
during pregnancy. Neurology. 1992;42(4 suppl 5):12Y16.

135. Johannessen SI. Pharmacokinetics of valproate in pregnancy:
mother-foetus-newborn. Pharm Weekbl Sci. 1992;14(3A):114Y117.

136. Riva R, Albani F, Contin M, et al. Mechanism of altered drug binding
to serum proteins in pregnant women: studies with valproic acid. Ther
Drug Monit. 1984;6(1):25Y30.

137. Linden S, Rich CL. The use of lithium during pregnancy and lactation.
J Clin Psychiatry. 1983;44(10):358Y361.

138. Ward S, Wisner KL. Collaborative management of women with bipolar
disorder during pregnancy and postpartum: pharmacologic
considerations. J Midwifery Womens Health. 2007;52(1):3Y13.

139. Newport DJ, Viguera AC, Beach AJ, et al. Lithium placental passage
and obstetrical outcome: implications for clinical management during
late pregnancy. Am J Psychiatry. 2005;162(11):2162Y2170.

140. Sabers A. Algorithm for lamotrigine dose adjustment before, during,
and after pregnancy. Acta Neurol Scand. 2012;126(1):e1Ye4.

141. Krishnamurthy KB. Managing epilepsy during pregnancy: assessing
risk and optimizing care. Curr Treat Options Neurol.
2012;14(4):348Y355.

142. DeVane CL, Liston HL, Markowitz JS. Clinical pharmacokinetics of
sertraline. Clin Pharmacokinet. 2002;41(15):1247Y1266.

143. Lundmark J, Reis M, Bengtsson F. Therapeutic drug monitoring of
sertraline: variability factors as displayed in a clinical setting. Ther
Drug Monit. 2000;22(4):446Y454.

144. Mauri MC, Laini V, Cerveri G, et al. Clinical outcome and tolerability
of sertraline in major depression: a study with plasma levels. Prog
Neuropsychopharmacol Biol Psychiatry. 2002;26(3):597Y601.

145. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression.
Development of the 10-item Edinburgh Postnatal Depression Scale.
Br J Psychiatry. 1987;150:782Y786.

146. Bergink V, Kooistra L, Lambregtse-van den Berg MP, et al. Validation
of the Edinburgh Depression Scale during pregnancy. J Psychosom
Res. 2011;70(4):385Y389.

147. Sachs GS, Guille C, McMurrich SL. A clinical monitoring form for
mood disorders. Bipolar Disord. 2002;4(5):323Y327.

148. Oberlander TF, Warburton W, Misri S, et al. Effects of timing and
duration of gestational exposure to serotonin reuptake inhibitor
antidepressants: population-based study. Br J Psychiatry.
2008;192(5):338Y343.

149. Warburton W, Hertzman C, Oberlander TF. A register study of the
impact of stopping third trimester selective serotonin reuptake inhibitor
exposure on neonatal health. Acta Psychiatr Scand.
2010;121(6):471Y479.

150. Viguera AC, Nonacs R, Cohen LS, et al. Risk of recurrence of bipolar
disorder in pregnant and nonpregnant women after discontinuing
lithium maintenance. Am J Psychiatry. 2000;157(2):179Y184.

151. Sproule B. Lithium in bipolar disorder: can drug concentrations predict
therapeutic effect? Clin Pharmacokinet. 2002;41(9):639Y660.

152. Schou M. Lithium treatment during pregnancy, delivery, and lactation:
an update. J Clin Psychiatry. 1990;51(10):410Y413.

153. Galbally M, Snellen M, Walker S, et al. Management of antipsychotic
and mood stabilizer medication in pregnancy: recommendations for
antenatal care. Aust N Z J Psychiatry. 2010;44(2):99Y108.

154. Malzacher A, Engler H, Drack G, et al. Lethargy in a newborn: lithium
toxicity or lab error? J Perinat Med. 2003;31(4):340Y342.

155. Tanaka T, Moretti ME, Verjee ZH, et al. A pitfall of measuring
lithium levels in neonates. Ther Drug Monit. 2008;30(6):752Y754.

156. Schou M, Amdisen A, Steenstrup OR. Lithium and pregnancy. II.
Hazards to women given lithium during pregnancy and delivery.
Br Med J. 1973;2(5859):137Y138.

157. Perucca E. Is there a role for therapeutic drug monitoring of new
anticonvulsants? Clin Pharmacokinet. 2000;38(3):191Y204.

158. Harlow BL, Vitonis AF, Sparen P, et al. Incidence of hospitalization for
postpartum psychotic and bipolar episodes in women with and without

Deligiannidis et al Journal of Clinical Psychopharmacology & Volume 34, Number 2, April 2014

254 www.psychopharmacology.com * 2014 Lippincott Williams & Wilkins

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



prior prepregnancy or prenatal psychiatric hospitalizations. Arch Gen
Psychiatry. 2007;64(1):42Y48.

159. Heron J, Robertson Blackmore E, McGuinness M, et al. No ‘latent
period’ in the onset of bipolar affective puerperal psychosis. Arch
Womens Ment Health. 2007;10(2):79Y81.

160. Sit D, Rothschild AJ, Wisner KL. A review of postpartum psychosis.
J Womens Health (Larchmt). 2006;15(4):352Y368.

161. Mawhinney E, Campbell J, Craig J, et al. Valproate and the risk for
congenital malformations: is formulation and dosage regime
important? Seizure. 2012;21(3):215Y218.

162. Semczuk-Sikora A, Czuczwar S, Semczuk A, et al. Valproic acid
transfer across human placental cotyledon during dual perfusion in
vitro. Ann Agric Environ Med. 2010;17(1):153Y157.

163. Tsuru N, Maeda T, Tsuruoka M. Three cases of delivery under
sodium valproateVplacental transfer, milk transfer and probable
teratogenicity of sodium valproate. Jpn J Psychiatry Neurol.
1988;42(1):89Y96.

164. Sirmagul B, Atli O, Ilgin S. The effect of combination therapy
on the plasma concentrations of traditional antiepileptics: a
retrospective study. Hum Exp Toxicol. 2012;31(10):971Y980.

165. Tuccori M, Testi A, Antonioli L, et al. Safety concerns associated
with the use of serotonin reuptake inhibitors and other serotonergic/
noradrenergic antidepressants during pregnancy: a review. Clin Ther.
2009;31(Pt 1):1426Y1453.

166. Matsui DM. Therapeutic drug monitoring in pregnancy. Ther Drug
Monit. 2012;34(5):507Y511.

Journal of Clinical Psychopharmacology & Volume 34, Number 2, April 2014 Pharmacokinetic Changes During Pregnancy

* 2014 Lippincott Williams & Wilkins www.psychopharmacology.com 255

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


