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Objective: Lithium has been used during
pregnancy for more than four decades,
but quantification of fetal lithium expo-
sure and clinical correlations of such expo-
sure are limited. The study objectives were
to 1) quantify the rate of lithium placental
passage, 2) assess any association between
plasma concentration of lithium at deliv-
ery and adverse perinatal events, and 3)
determine whether lithium concentrations
can be reduced by briefly suspending ther-
apy proximate to delivery.

Method: Maternal blood and umbilical
cord blood were obtained at delivery for
assay of lithium concentrations, and ob-
stetrical outcome data were collected pro-
spectively for 10 participants. These data
were combined with results from MEDLINE
and PsycINFO searches that identified 32
cases in which maternal lithium was ad-
ministered throughout delivery. Statistical
analysis of the pooled data was conducted.

During Late Pregnancy

Results: The ratio of lithium concentra-
tions in umbilical cord blood to maternal
blood (mean=1.05, SD=0.13) was uniform
across a wide range of maternal concen-
trations (0.2-2.6 meq/liter). Significantly
lower Apgar scores, longer hospital stays,
and higher rates of CNS and neuromuscu-
lar complications were observed in infants
with higher lithium concentrations (>0.64
meq/liter) at delivery. Withholding lithium
therapy for 24-48 hours before delivery re-
sulted in a 0.28 meg/liter reduction in ma-
ternal lithium concentration.

Conclusions: Lithium completely equili-
brates across the placenta. Higher lithium
concentrations at delivery are associated
with more perinatal complications, and
lithium concentrations can be reduced by
brief suspension of therapy proximate to
delivery. Treatment guidelines are pro-
posed to improve neonatal well-being
when lithium use is indicated in late
pregnancy.

(Am J Psychiatry 2005; 162:2162-2170)

’I:le management of bipolar disorder during pregnancy
remains one of the most daunting challenges of psychiat-
ric practice. Although the risk for relapse of bipolar disor-
der during gestation is poorly characterized, and evidence
is conflicting as to whether pregnancy alters such risk fa-
vorably or unfavorably (1-13), several studies have indi-
cated that, in the absence of continued pharmacotherapy,
50%-60% of women with bipolar disorder will relapse dur-
ing pregnancy (2, 14, 15). Relapse rates are higher after
abrupt cessation of lithium therapy, and relapse rates have
been poorly evaluated after abrupt discontinuation of
other mood stabilizers (2). Postpartum recurrence of bipo-
lar disorder is especially common (2-4, 12, 16-21), and
postpartum psychosis is more common among women
with bipolar disorder, demonstrating a 100-fold increase
over the background rate of 0.05% (22-24). This vulnera-
bility to perinatal relapse, coupled with evidence that ma-
ternal psychiatric illness carries untoward risks for fetal
development (25-27), underscores the need for effective
clinical management during gestation.

There are, however, numerous reproductive safety con-
cerns regarding the medications used to treat bipolar disor-
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der. Psychotropic agents used to manage bipolar disorder
are either known teratogens or have limited reproductive
safety data that preclude sound risk estimates (27). Since
the 1950s, lithium has been the cornerstone of pharmaco-
therapy for bipolar disorder. Its use in pregnancy has gar-
nered considerable attention. Initial retrospective analyses
suggested that lithium exposure was associated with a 400-
fold increase in the rate of Ebstein’s anomaly, a tricuspid
valve malformation (28, 29), but subsequent meta-analyses
indicated that the risk ratio for cardiac malformations after
lithium exposure is only 1.2 to 7.7 (30) and the risk for Eb-
stein’s anomaly rises from 1 in 20,000 to 1 in 1,000 (31). It
has been argued, however, that these revised estimates
could be low as an artifact of study methods, because
Ebstein’s anomaly may have been underrecognized in pre-
vious reports as a result of the inconsistent use of fetal echo-
cardiography (32). These revised estimates of lithium ter-
atogenicity are considerably lower than estimates of the
teratogenic risks of valproate and carbamazepine (27). Fur-
thermore, lithium is the only mood stabilizer for which
published neurodevelopmental outcome data show a lack
of adverse effects among prenatally exposed children (33).
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Early findings from a lamotrigine pregnancy registry are
promising, compared to findings for other anticonvulsants
(34), but additional cases and infant follow-up studies are
needed.

Although lithium is not devoid of prenatal safety con-
cerns, and its use during lactation has been widely dis-
couraged (35), it continues to be favored by many clini-
cians for use during pregnancy, given its favorable safety
profile relative to other mood stabilizers. Nevertheless,
lithium use during late pregnancy is associated with par-
ticular clinical concerns that have not been systematically
investigated, and the literature includes numerous reports
of neonatal complications in association with lithium
treatment during late pregnancy, including cardiac dys-
function (36-47), diabetes insipidus (37, 38, 48, 49), hy-
pothyroidism (37, 48, 49), low muscle tone (36-40, 42-44,
46, 48, 50, 51), lethargy (36, 48, 52, 53), hepatic abnormali-
ties (36-39, 42, 45, 46), and respiratory difficulties (36-40,
42-46, 48). Recognizing lithium’s low therapeutic index, it
seems plausible that such complications are related to the
level of lithium exposure proximate to delivery, although
some reviewers contend that the occurrence of such ef-
fects is independent of lithium concentration (38, 42).

The objective of the present study was to address this
deficiency in lithium’s reproductive safety data by 1) ex-
tending data quantifying the rate of lithium placental pas-
sage, 2) testing for an association between infant lithium
concentration at delivery and the incidence of perinatal
adverse events, and 3) determining whether lithium con-
centrations can be reduced by briefly suspending treat-
ment immediately before delivery.

Method

Subjects

Participants were recruited from patients who were referred to
the Emory Women’s Mental Health Program for the perinatal man-
agement of bipolar disorder and were enrolled in a prospective
observational study of the clinical course of bipolar disorder dur-
ing pregnancy and the postpartum period. Subjects were informed
of the risks associated with fetal and infant exposure to lithium as
well as the risks of untreated maternal bipolar disorder. In addi-
tion, the risks and benefits of alternative treatment options, in-
cluding other mood stabilizers, psychotherapy, and electrocon-
vulsive therapy, were reviewed. In an effort to reduce the potential
for lithium-associated complications at delivery, Women’s Mental
Health Program patients are empirically advised to suspend lith-
ium administration 1-2 days before a scheduled delivery or at the
onset of labor in the event of spontaneous delivery. Dose suspen-
sion is a standard of care at the Women’s Mental Health Program
clinic that was not randomly assigned or in any respect dictated by
study participation. Data are presented for 10 study participants
who elected to continue lithium therapy during late pregnancy.
Each participant fulfilled the DSM-1V criteria for bipolar I disorder
or bipolar II disorder. The Institutional Review Board of the Emory
University School of Medicine approved the study.

Data Collection

Study data included prospective documentation of prenatal
psychiatric treatment, obstetrical outcome as recorded on the
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Women'’s Mental Health Program Delivery Information Sheet and
the hospital delivery record, and assays of maternal and umbilical
cord blood samples collected during gestation and at delivery.
Blood samples were collected in chilled EDTA-containing tubes,
placed on ice, and centrifuged at 4°C for 10 minutes at 3,000 rpm.
Plasma was coded and stored at -80°C until assay.

Laboratory personnel who were blind to the subjects’ demo-
graphic characteristics and to the source of the blood samples
conducted lithium assays with an ion-selective electrode instru-
ment (Beckman Coulter, Inc., Fullerton, Calif.).

Study data were extended by incorporating findings from previ-
ous reports of fetal and maternal lithium concentrations and ob-
stetrical outcome among women taking lithium at delivery. The
previous reports were identified through a search of the English-
language literature by using MEDLINE and PsycINFO databases.

Data Analysis

A descriptive analysis was performed to characterize the pla-
cental passage of lithium. The ratio of lithium concentration in
infant (umbilical cord) plasma to that in maternal plasma was
calculated for each maternal-infant pair as an index of lithium
placental passage, and a scatterplot was constructed of the calcu-
lated ratios. This analysis was performed by using data for each
dyad from the Women’s Mental Health Program participants and
data from previous published studies that reported both infant
and maternal lithium concentrations.

The hypothesis that higher infant lithium concentrations at de-
livery are associated with increased vulnerability to perinatal com-
plications was tested by using data for the infants in the Women'’s
Mental Health Program group and data from previous studies that
reported both infant lithium concentrations at delivery and ob-
stetrical outcomes. The median neonatal lithium concentration
was calculated, and infants whose lithium concentration at deliv-
ery was greater than the median were assigned to the high lithium
exposure group. The remaining infants were assigned to the low
lithium exposure group. Hypothesis testing to assess group differ-
ences with respect to various complications was performed by us-
ing frequency tests (Fisher’s exact test) for nominal variables and
one-sample t tests for continuous variables.

Finally, the hypothesis that lithium concentrations at delivery
could be significantly reduced by suspending treatment within 48
hours of anticipated delivery was tested by using a paired t test of
maternal lithium concentrations at delivery and earlier measures
during pregnancy for the participants from the Women’s Mental
Health Program. All statistical tests were two-tailed.

At relevant points in the analysis, findings from the Women'’s
Mental Health Program group were compared to those from pre-
vious reports to assess the validity of the pooled analysis.

Results

The demographic and clinical characteristics of the
Women's Mental Health Program participants are presented
in Table 1. Lithium concentrations were determined for the
10 umbilical cord samples and nine of the 10 maternal sam-
ples (one sample was lost). In addition to the Women’s Men-
tal Health Program participants, 32 fetal-maternal pairs ex-
posed to lithium at delivery were identified from published
reports (36-60). Lithium concentrations were reported for
18 of these 32 dyads (38-40, 48, 52, 53, 55-58).

The mean infant-mother lithium ratio at delivery for the
27 pairs was 1.05 (SD=0.13). A scatterplot of the ratios is de-
picted in Figure 1. For these 27 pairs, the mean infant lith-
ium concentration at delivery was 0.72 meq/liter (§D=0.57,
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TABLE 1. Clinical and Demographic Characteristics of Mothers With Bipolar Disorder (N=10) Who Continued Lithium Therapy
in Late Pregnancy and of Their Infants at Delivery?

Plasma Concentration of Lithium Demographic
at Delivery (meq/liter) Treatment Characteristics
Mother-Infant Umbilical Maternal Dose of Age Marital
Pair Cord Mother Ratio Lithium (mg/day) Therapy Duration? (years) Race Status
1 0.20 0.20 1.00 300 Week 0-delivery 30 White  Divorced
2 0.26 0.26 1.00 1200 Weeks 0-5, week 26-delivery 28 Asian Married
3 0.33 0.30 1.10 1200 Week 14—delivery 24 White  Married
4 0.38 0.33 1.15 13504 Weeks 1-5, week 33—delivery 29 White  Married
5 0.45 —¢ —¢ 900 Week 36-delivery 29 White  Married
6 0.47 0.63 0.75 900 Week 0-delivery 26 White  Married
7 0.47 0.43 1.09 1200 Week 0-delivery 39 White  Married
8 0.52 0.65 0.80 600 Week 20-delivery 32 White  Married
9 0.72 0.59 1.22 9004 Week 0—delivery 36 White  Married
10 1.02 1.03 0.99 1800 Week 0-delivery 17 White  Single

a Mother-infant pairs were recruited from the Emory Women’s Mental Health Program.
b weeks of pregnancy during which the mother received lithium.

¢ Data not available.

d Daily dose of a controlled-release preparation.

TABLE 2. Clinical Characteristics of Infants With Low Versus High Lithium Exposure at Delivery?

Infants With High Lithium Exposure (N=12) Infants With Low Lithium Exposure (N=12)
N Mean 95% Cl N Mean 95% Cl
Plasma lithium concentration at delivery
Infant (meq/liter) 12 1.68 1.02-2.34 12 0.40 0.33-0.47
Mother (meq/liter) 8 1.64 0.58-2.70 10 0.42 0.30-0.53
Infant/mother ratio 7 1.07 0.94-1.19 10 1.00 0.90-1.09
Maternal lithium dose (mg/day) 8 1110 654-1566 11 941 737-1145
N % With Complication N % With Complication
Pregnancy complications
Gestational diabetes 10 10 11 18
Polyhydramnios 10 30 11 9
Preeclampsia 10 10 11 0
Any complication 10 60 11 27
Obstetrical outcomes
N Mean 95% Cl N Mean 95% Cl
Apgar score
1 minute 9 4.3 2.2-6.6 9 7.00 5.9-8.1
5 minutes 7 7.6 5.9-9.3 8 8.50 8.1-9.0
Estimated gestational age (weeks) 12 373 35.5-39.2 12 38.9 38.2-39.5
Infant weight (kg) 10 3.08 2.54-3.62 10 3.48 3.15-3.81
Hospital stay (days) 7 10.1 5.0-15.3 8 4.3 1.2-7.3
N % With Complication N % With Complication
Preterm delivery 12 33 12 0
Low birth weight 10 40 10 0
Neonatal complicationsd
Cardiovascular 11 45 11 18
CNS 10 90 11 18
Hepatic 10 30 11 18
Neuromuscular 8 100 12 25
Renal 6 33 10 10
Respiratory 9 67 12 17
Thyroid 10 20 11 0
Any complication 12 100 12 25

2 Infants were assigned to study groups on the basis of a median split. Infants whose lithium concentration at delivery was greater than the
median (0.64 meq/liter) were assigned to the high lithium exposure group. The remaining infants were assigned to the low lithium exposure
group.

b For continuous data, the difference between means and 95% confidence interval are reported. For nominal data, the calculated risk ratio
and 95% confidence interval (Cl) are reported. A one-sample t test was used to test group differences in continuous variables. Fisher’s exact
test was used to test group differences in nominal variables.

¢ The risk ratio is not available if either of the group percentages equals 0% or 100%.
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Obstetrical Outcomes

Apgar Score Infant Estimated Infant
1 5 Gestational Ageat  Weight Neonatal
Minute Minutes  Delivery (weeks) (kg) Complications
—¢ 38.7 —¢ None
8 9 38.9 3.42 None
—¢ 37.6 3.63 None
8 9 38.9 3.00 None
7 8 38.6 3.29 None
8 9 40.1 3.80 None
7 8 39.6 3.00 None
6 8 37.0 3.20  Hypotonia,
lethargy
9 9 38.0 3.70  Slight jaundice
2 7 40.9 3.62  Hypotonia,
lethargy,
cyanosis
AnalysisP
Difference 95% Cl t df p
1.28 0.65-1.90 4.24 22 <0.002
1.22 0.37-2.07 2.71 16 <0.03
0.07 -0.07 to 0.21 1.09 15 0.30
169 —243 to 581 0.87 17 0.40
Risk Ratio 95% Cl p
0.50 0.04-6.55 0.42
4.29 0.37-50.20 0.23
—¢ 0.49
4.00 0.64-25.02 0.13
Difference 95% Cl t p
2.7 -5.0t0 -0.4 —2.44 16 <0.03
-09 -2.41t00.5 -1.31 13 0.24
-1.5 -34t00.3 -1.75 22 0.11
-0.40 -0.99t0 0.19 -1.43 18 0.18
59 0.7-11.1 2.45 13 <0.03
Risk Ratio 95% Cl p
<0.05
<0.05
3.75 0.54-26.04 0.15
40.50 3.09-530.29 <0.002
1.93 0.25-14.89 0.33
—¢ <0.002
4.50 0.31-65.23 0.27
10.00 1.28-78.12 <0.03
—¢ 0.22
_c <0.0002

d Complications for particular body systems included bradycardia,
cardiomegaly, and systolic murmur (cardiovascular); lethargy
and “depression” (CNS); hepatomegaly and jaundice (hepatic);
hypotonia, “flaccidity,” diminished deep tendon reflexes, and
poor suck or Moro reflexes (neuromuscular); polyuria and diabe-
tes insipidus (renal); apnea, cyanosis, labored breathing, and
need for intubation (respiratory), and goiter (thyroid).
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FIGURE 1. Concentrations of Lithium in Plasma Samples
From Mothers With Bipolar Disorder Who Continued Lith-
ium Therapy in Late Pregnancy and From Their Infants at
Delivery?
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3 Data are from mother-infant pairs recruited from the Emory

Women’s Mental Health Program (current study) and from mother-
infant pairs described in the literature (38-40, 48, 52, 53, 55-58).

range=0.20-2.80), and the mean maternal concentration
was 0.71 meq/liter (§D=0.59, range=0.20-2.60). Although
infant (0.49 versus 0.84 meq/liter) and maternal (0.49 ver-
sus 0.82 meq/liter) concentrations were lower in the
Women’s Mental Health Program group than in the infant-
mother pairs from previous reports, infant-mother lithium
ratios were remarkably similar (1.01 versus 1.06) between
the two samples. Despite the lower lithium concentrations
at delivery, daily lithium doses in the Women’s Mental
Health Program mothers (mean=1050 mg/day, SD=437)
were marginally higher than those in the mothers described
in earlier publications (mean=1013 mg/day, SD=493).
Lithium concentrations and obstetrical outcomes were
available for the 10 infants in the Women’s Mental Health
Program group and for 14 of the 32 infants described in
earlier reports (36, 38-40, 42, 44, 48, 49, 51, 52, 53, 56, 57,
59). In the resulting group of 24 infants, 12 with lithium
concentrations below the median of 0.64 meq/liter were
assigned to the low lithium exposure group (range=0.20—
0.58 meq/liter), and 12 with lithium concentrations above
the median were assigned to the high lithium exposure
group (range=0.70 to >4.0 meq/liter). The results of hy-
pothesis testing are presented in Table 2. The mean infant-
mother lithium ratio at delivery was virtually identical be-
tween the low lithium exposure and high lithium exposure
groups, indicating that the degree of placental passage
does not vary with maternal plasma lithium concentration
within the clinical range of concentrations encountered.
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TABLE 3. Potential Causes of Perinatal Lithium Toxicity and Lithium-Associated Complications

Cause of Toxicity
latrogenic causes
Angiotensin-converting enzyme (ACE)

Explanation

ACE inhibitors elevate lithium concentration through effects on renal blood flow. Because of

inhibitors numerous adverse fetal effects associated with ACE inhibitors, they are contraindicated
during pregnancy.
Antiemetics Haloperidol, phenothiazines (promethazine, prochlorperazine), and piperazines (meclizine),

which are used to treat hyperemesis gravidarum, can produce neurotoxic side effects such
as tremor and tardive dyskinesia when coadministered with lithium. They do not, however,
appear to increase the risk for frank lithium toxicity. No untoward interactions have been
reported between ondansetron and lithium.

Calcium channel blockers can be used in pregnancy for tocolysis and to manage
tachyarrhythmias or hypertension. The coadministration of calcium channel blockers with
lithium can produce neurotoxic side effects or bradycardia. Lithium interactions may be
more problematic with verapamil or diltiazem than with nifedipine.

Diuretics, usually thiazides, are used in pregnancy to manage hypertension, pulmonary
edema, and peripheral edema. Thiazide diuretics increase lithium concentration by
promoting its reabsorption in the proximal tubule. Loop diuretics (e.g., furosemide), also
used during pregnancy, do not promote lithium reabsorption and thus have less effect on
lithium concentration. Potassium-sparing diuretics increase lithium concentration to a
lesser degree than the thiazides, and osmotic diuretics actually lower lithium concentration
by enhancing its excretion. Because of potential adverse fetal effects associated with
potassium-sparing and osmotic diuretics, these medications should be avoided during
pregnancy.

Failure to reduce lithium dose after delivery Because the glomerular filtration rate normally increases during pregnancy, lithium dose
increases can be necessary. However, the glomerular filtration rate quickly reverts to
preconception levels after delivery. Thus, lithium concentration can increase after delivery if
dose adjustments are not made.

Low-dose aspirin can be used in pregnancy to manage antiphospholipid antibody-associated
pregnancy loss, preeclampsia, or fetal growth retardation. Indomethacin and sulindac have
been used for tocolysis and to manage polyhydramnios. Ibuprofen and naproxen are
infrequently used as analgesics during pregnancy. Because of reports of oligohydramnios
and premature closure of the fetal ductus arteriosus associated with NSAIDs, these
medications are generally discouraged, especially after the 34th week of gestation. NSAIDs
increase lithium concentrations by reducing renal blood flow and perhaps by increasing
tubular reabsorption of lithium. Aspirin and sulindac appear to be less likely to increase
lithium concentrations than other NSAIDs.

Sodium restriction has been used in pregnancy for the management of preeclampsia and
edema. In response to a sodium-restricted diet, the kidneys attempt to preserve sodium by
increasing its tubular reabsorption. However, because the kidneys do not reliably
discriminate lithium from sodium, lithium reabsorption is also increased, which can lead to
increased lithium concentrations.

Calcium channel blockers

Diuretics

Nonsteroidal antiinflammatory drugs
(NSAIDs)

Sodiume-restricted diet

Perinatal complications
Fluid loss at delivery Acute loss of blood and amniotic fluid coupled with the insensible loss due to profuse
diaphoresis during labor can lower intravascular volume and thereby theoretically elevate
lithium concentration.

Hyperemesis gravidarum can reduce lithium concentrations by reducing lithium absorption
when emesis occurs shortly after the oral administration of lithium; however, fluid losses
and electrolyte disturbances (e.g., hyponatremia) resulting from profuse vomiting can
increase lithium concentration.

Theoretically, lithium-associated fetal renal insufficiency could present as oligohydramnios
secondary to diminished fetal urine production.

Polyhydramnios during lithium therapy can be a consequence of fetal diabetes insipidus.
When fetal diabetes insipidus occurs, the lithium concentration in amniotic fluid can be
markedly higher than the serum concentration, but there is no evidence that the high
amniotic fluid concentration causes lithium toxicity. However, fetal diabetes insipidus can
persist for a week or longer after delivery, leading to dehydration and lithium toxicity in the
infant. In addition, some agents used to manage polyhydramnios (NSAIDs) can elevate the
lithium concentration.

Moderate to severe preeclampsia decreases the glomerular filtration rate through intrarenal
vasospasm. This effect potentially elevates the lithium concentration by reducing the renal
clearance of lithium. In addition, several common management strategies for preeclampsia
(thiazide diuretics, aspirin, sodium restriction) can further elevate lithium concentration.

Hyperemesis gravidarum

Oligohydramnios

Polyhydramnios

Preeclampsia

The rate of all complications, with the exception of ges-
tational diabetes, was consistently higher in the high lith-
ium exposure group. In particular, the rates of CNS and
neuromuscular complications were significantly higher,
the duration of infant hospital stays was significantly
longer, and 1-minute Apgar scores were significantly lower

2166 http://ajp.psychiatryonline.org

in the high lithium exposure group. The rates of preterm
delivery, low birth weight, and infant respiratory compli-
cations were higher in the high lithium exposure group
than in the low lithium exposure group, but the differ-
ences only approached significance. Even when the data
for five infants in the high lithium exposure group who
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had lithium concentrations at delivery in the “toxic” range
(>1.2 meq/liter) were omitted from the analysis, the rates
of CNS complications (83%) (p<0.04, Fisher’s exact test)
and neuromuscular complications (100%) (p<0.01,
Fisher’s exact test) remained significantly higher in the
high lithium exposure group, and this group had longer in-
fant hospital stays (mean=10.0 days) than the low lithium
exposure group, although the difference only approached
significance. Because the Women’s Mental Health Program
participants had been instructed to suspend lithium treat-
ment before delivery, these participants’ infants are over-
represented in the low lithium exposure group (eight of
12), compared to the high lithium exposure group (two of
12), and had a lower rate of complications than the mother-
infant pairs from previous reports.

Although maternal lithium concentrations at delivery
were subtherapeutic (<0.5 meq/liter) for five of the nine
women in the Women’s Mental Health Program group
(mean=0.49 meq/liter, SD=0.26, range=0.20-1.03), they
were in the therapeutic range for all Women’s Mental
Health Program participants when sampled at the most
recent prenatal visit (mean=0.79 meq/liter, SD=0.19,
range=0.50-1.10). A paired t test indicated that maternal
lithium concentrations at delivery were significantly
lower than those during pregnancy (mean difference=
0.28 meq/liter, 95% confidence interval [CI]=0.08-0.49; t=
3.38, df=6, p<0.02), with a mean of 20.6 hours (SD=19.2)
having elapsed since the last lithium dose when the deliv-
ery sample was collected. Despite the brief interruption
in lithium therapy, only one of the 10 Women’s Mental
Health Program participants was symptomatic in the
perinatal period. That patient experienced a depressive
episode with psychotic features that began 2 weeks before
delivery, prior to any suspension of lithium therapy.

Discussion

To our knowledge, this study is the first to examine sys-
tematically the clinical relevance of lithium placental pas-
sage at delivery. The study’s findings are as follows:

1. Lithium demonstrates complete placental passage as
evidenced by the mean infant-mother lithium ratio
of 1.05.

2. Lithium ion equilibration across the placental barrier
is remarkably uniform across a wide range of mater-
nal concentrations (0.2-2.6 meq/liter), suggesting
that lithium equilibrates between maternal and fetal
circulation much as it does across the total body wa-
ter space in an individual. This finding is consistent
with the results of preclinical studies demonstrating
minimal transplacental differences in electric poten-
tial after acute lithium administration (60, 61).

3. Adverse perinatal outcomes are more extensive in
the setting of higher lithium concentrations at deliv-
ery as evidenced by the consistently higher rate of
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varied complications among infants in the high lith-
ium exposure group.

4. Lithium delivery concentrations can be significantly
reduced at delivery without compromising pharma-
cotherapeutic efficacy by briefly withholding lithium
therapy.

This constellation of findings bears important implica-
tions for treatment guidelines, now woefully inadequate,
when lithium administration is indicated during late ges-
tation. Conflicting recommendations have been proposed
regarding lithium’s use in late pregnancy, with some ex-
perts urging lithium dose reduction or discontinuation
long before delivery to avoid neonatal toxicity (36, 47) and
others advocating the reinstitution of lithium therapy be-
fore delivery to avoid the high risk of postpartum relapse
in patients with bipolar disorder (62). Moreover, despite its
use for more than five decades, no guidelines have been
established for therapeutic monitoring of lithium concen-
trations during pregnancy or potential adverse effects be-
yond surveillance for cardiac teratogenicity (63). Because
poor outcomes in this study were predicted by higher in-
fant lithium concentrations at delivery, and neonate con-
centrations invariably approximated maternal concentra-
tions, infant well-being can be enhanced by monitoring
maternal lithium concentrations as delivery approaches.
Furthermore, the ability to lower maternal concentrations
expeditiously by suspending lithium therapy for 24-48
hours before delivery might improve obstetrical outcome
as neonatal concentrations can be reduced without un-
duly compromising treatment efficacy.

Neonatal effects of lithium exposure are of gravest con-
cern when maternal toxicity arises before delivery. Al-
though lithium toxicity did not complicate the pregnan-
cies of the Women’s Mental Health Program participants,
earlier reports indicate that maternal toxicity during late
gestation warrants concern. Of seven reported cases of
prenatal lithium toxicity (39, 44, 46, 50, 52-54), the etiology
is identifiable in only three. In two cases, toxicity arose
iatrogenically after the institution of diuretic therapy and a
sodium-restricted diet to manage edema (44, 54). Toxicity
occurred in another case when a sodium-restricted diet
was initiated to manage preeclampsia (52), a condition
that decreases the glomerular filtration rate (64-66) and,
ostensibly, lithium clearance. The cause of lithium toxicity
in the remaining cases (39, 46, 49, 50) is unclear. Toxicity
may have been a consequence of intentional or accidental
overdose, although this cause was not explicitly stated,
and pregnancy-specific causes, such as abrupt fluid loss
during labor, cannot be eliminated.

From these findings, we propose the following guide-
lines for lithium administration during late pregnancy:

1. Maintain a target lithium concentration at the mini-
mum effective level for the individual. Although lithium
levels of 0.8-1.0 meq/liter are widely cited as the ideal
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for maintenance therapy, some individuals can be suc-
cessfully maintained at lower concentrations (67).

2. Periodically monitor lithium concentrations during
pregnancy, particularly during late gestation when
marked changes in glomerular filtration rate can al-
ter lithium clearance (66, 68, 69).

3. Avoid pregnancy treatment modalities that increase
the potential for lithium toxicity (Table 3). However, if
such measures are obstetrically warranted, more fre-
quent lithium monitoring and dose reduction are
indicated.

4. Lower maternal lithium dose in the event of preg-
nancy complications such as preeclampsia (64—66)
or polyhydramnios (38, 39, 47, 48) (Table 3) that might
predispose the patient or her child to lithium toxicity.
Similarly, any abnormality in amniotic fluid volume,
including oligohydramnios, could be the result of
and/or could increase the likelihood of lithium-asso-
ciated fetal nephrotoxicity.

5. Suspend lithium administration 24-48 hours before a
scheduled Cesarean section or induction, or suspend
lithium administration at the onset of labor in the
event of spontaneous delivery.

6. Check the maternal lithium concentration at the pa-
tient’s presentation to the hospital for delivery.

7. Administer oral and/or intravenous fluids through-
out the labor and delivery process, and check mater-
nal lithium concentration in the event of clinical
signs of toxicity.

8. Reinstitute lithium therapy as soon as the patient is
medically stabilized after delivery. Use the precon-
ception dose, because the maternal glomerular fil-
tration rate rapidly returns to pregravid levels after
delivery.

This study is not without shortcomings. The small num-
ber of participants limited the statistical power to eluci-
date fully the association between clinical outcome and
lithium concentration. Another limitation is the demo-
graphic homogeneity of the 10 Women’s Mental Health
Program participants, which limits the generalizability of
the study results. It can also be argued that the depend-
ability of the study findings is weakened by the inclusion
of case data from earlier reports that in some instances
were incomplete. Conversely, the consistent character of
the findings when the data are analyzed across so many
reports, despite probable differences in data collection,
serves to reinforce the reliability and potential generaliz-
ability of the findings.

In summary, given the considerable morbidity of un-
treated bipolar disorder and the significant risk of perina-
tal relapse in the absence of continued pharmacotherapy,
prolonged discontinuation of treatment is seldom a viable
option. Despite documented concerns about effects of
lithium in reproduction, this medication remains the pre-
ferred alternative during gestation for many women with
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bipolar disorder. When lithium is used during late preg-
nancy, infant and maternal well-being can be maximized
by maintaining maternal concentrations at the minimal
effective level, suspending lithium therapy 24-48 hours
before delivery to reduce neonatal concentrations further,
and avoiding inadvertent or iatrogenic lithium toxicity
during gestation.
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