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Abstract Exposure to drugs during pregnancy has the

potential to harm offspring. Teratogenic effects are the

most feared adverse outcomes in newborns; however, a

wide spectrum of less known, usually reversible and often

acute, neonatal adverse events can also occur due to drug

intake by mothers during pregnancy, particularly in close

proximity to delivery. This narrative review is aimed at the

description of drugs and drug classes for which licit

maternal use in the predelivery period has been associated

with neonatal non-teratogenic disorders. For each drug

class, epidemiology, clinical features, biological mecha-

nism and management of these adverse reactions have been

discussed in detail. Although these adverse reactions have

been described mainly for substances used illicitly for

recreational purposes, several prescription drugs have also

been involved; these include mainly psychotropic medi-

cations such as opioids, antidepressants, antiepileptics and

antipsychotics. These effects can be partly explained by

withdrawal syndromes (defined also as ‘neonatal absti-

nence syndrome’) caused by the delivery-related discon-

tinuation of the drug disposition from the mother to the

fetus, with symptoms that may include feeding disorders,

tremors, irritability, hypotonia/hypertonia, vomiting and

persistent crying, occurring a few hours to 1 month after

delivery. Otherwise, neonatal neurological and behavioral

effects can also be caused by a residual pharmacological

effect due to an accumulation of the drug in the blood and

tissues of the newborn, with various symptoms related to

the toxic effects of the specific drug class, usually devel-

oping a few hours after birth. With few exceptions, vali-

dated protocols for the assessment and management of

withdrawal or residual pharmacological effects of these

drugs in neonates are often lacking or incomplete. Spon-

taneous reporting of these adverse reactions seems limited,

although it might represent a useful tool for improving our

knowledge about drug-induced neonatal syndromes.

Key Points

Newborns exposed to psychotropic drugs during

pregnancy may experience neonatal syndromes,

including neonatal withdrawal symptoms and/or

residual pharmacological effects.

Psychotropic drugs most often reported with

neonatal adaptation issues are opioids,

antidepressants, antiepileptics (including barbiturates

and benzodiazepines), and antipsychotics.

1 Introduction

It is well known that exposure to pharmacologically-active

substances during pregnancy has the potential to harm

offspring. Teratogenic effects are definitely the most feared

adverse outcomes in newborns [1]; however, a wide

spectrum of less known, usually reversible, and often acute
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adverse events can also occur in newborns due to drug

intake by mothers during pregnancy, particularly in close

proximity to delivery. These effects have frequently been

ascribed to withdrawal effects [2]. Indeed, the delivery

determines a discontinuation of drug intake that the baby

was receiving from the mother. In the traditional pharma-

covigilance classification of adverse drug reactions, these

events belong to the ‘E’ (end of use) category [3]. Alter-

natively, neonatal adverse effects may result from ‘resid-

ual’ activities of the drugs, particularly those endowed with

a long half-life [type ‘A’ (augmented) adverse drug reac-

tions] [3]. In these settings, the immaturity of metabolic

functions in newborns is likely to play an important role

[4]. Early identification of the origin of symptoms is of

primary importance for the appropriate management of

newborns. Indeed, in case of withdrawal, the newborn may

benefit from a reintroduction of the discontinued drug or its

safer alternative within the same drug class. By contrast, in

case of residual toxicity, being exposed further to the

withdrawn drug may have detrimental effects on the

newborn [5].

Withdrawal symptoms have been extensively investi-

gated for many years in drug-addicted pregnant women

exposed to substance abuse. Nevertheless, some prescrip-

tion drugs have also been reported to be associated with

such events in neonates. Their clinical presentation is

variable and usually includes several signs and symptoms,

ranging from behavioral abnormalities to neurological

impairments. For this reason, these effects are usually

defined as a syndrome, which is sometimes designated as

‘neonatal abstinence syndrome’ [6], ‘neonatal withdrawal

syndrome’ [7], ‘neonatal adaptation syndrome’ [8], or even

‘neonatal behavioral syndrome’ [9], depending on the

putative mechanism. In the present review, we used the

definition ‘neonatal abstinence syndrome’ (NAS), which is

the most frequently employed term used to describe with-

drawal symptoms, making a distinction from other kind of

events, which can be more likely explained by residual

pharmacological effects of the drug on the fetus or

newborn.

Overall, based on the above background, this narrative

review is aimed at the description of drugs and drug classes

for which licit maternal use in the predelivery period has

been associated with neonatal non-teratogenic disorders.

These disturbances have been reviewed and described in

detail on the basis of currently available evidence.

2 Methods

English-language literature indexed in MEDLINE was

explored, without time limits, to 31 December 2015, using

the terms ‘neonatal abstinence syndrome’, ‘neonatal

withdrawal syndrome’, ‘neonatal behavioral syndrome’,

and ‘neonatal adaptation syndrome’. Since there is no

standard clinical definition for these syndromes, case

reports dealing with neonatal behavioral and neurological

alterations after exposure to any drug were used to generate

clusters of symptoms suggestive of the syndromes. These

clusters were then used as search terms to identify studies

reporting the frequency of such neonatal outcomes [in-

cluding single behavioral signs, poor neonatal adaptation,

and admission to the neonatal intensive care unit (NICU)].

The reference lists of identified articles were examined

carefully for additional pertinent publications.

For inclusion in the present review, meta-analyses,

clinical trials, observational studies, case series and single

case reports had to evaluate neonatal events consistent with

a drug withdrawal or pharmacological residual effect

consequent to prebirth exposure to any prescription drug.

Studies addressing the neonatal effects of drugs used for

recreational purposes during pregnancy, and articles

focusing only on teratogenic effects (including abnormal-

ities of physiological development occurring in utero, such

as persistent pulmonary hypertension, alterations in fetal

development, low birth weight, fetal hydantoin syndrome),

congenital malformations, miscarriage, stillbirth, and

abortion were excluded [10–12]. Abstracts presented at

national and international meetings were also excluded.

3 Results

Drugs associated with neonatal non-teratogenic disorders

belong to several psychotropic drug groups, and include

opioids, antidepressants, antiepileptic drugs (AEDs) and

antipsychotics. Notably, the lipophilic chemical nature of

these drugs generally allows their placental disposition

and/or excretion into breast milk, in accordance with the

pharmacokinetics of each drug, thus explaining the vari-

ability of perinatal exposure and neonatal effects among

drugs. Table 1 summarizes the main clinical patterns of

these neonatal syndromes. Each drug class is discussed in

detail in the following sections.

3.1 Opioids

Epidemiology Opioids represent the most investigated

drug class for their involvement in the occurrence of

neonatal neurobehavioral symptoms, which is largely due

to the illicit use of these drugs for recreational purposes

since time immemorial. Opioid-associated NAS has been

documented in Western countries since 1875, with the

first case published in the US in 1892 [6]. In the US, it has

been estimated that from 2000 to 2009, antepartum opioid

use increased from 1.19 to 5.63 per 1000 live births [13].

904 I. Convertino et al.



Over the same period, the incidence of NAS increased

from 7 to 27 cases per 1000 admissions to the NICU [14],

and related hospitalization costs per infant with NAS

increased from US$39,400 to US$53,400 [13]. Although

most of the available evidence points towards the use of

prescription opioids, and not illicit opioids, behind the

increased NAS incidence, a clear relationship cannot be

established [15–17]. In Canada, from 1992 to 2011, the

incidence of opioid-related NAS increased 15-fold (from

0.28 to 4.29 per 1000 live births), and from 2006 to 2011

NAS could be ascribed to prescription opioids in 67 % of

cases [15]. In the US, from 2008 to 2012, approximately

one-third of fertile women were prescribed an opioid, and

in Norway, 6 % of pregnant women filled at least one

opioid prescription between 2004 and 2006 [16]. A study

performed in Tennessee estimated that 63 % of NAS

cases occurred in women receiving prescription opioids

[17]. A large observational study (n = 290,605) per-

formed in the Medicaid database indicated that the

absolute risk of NAS due to prescription opioids, in the

absence of other risk factors (history of opioid misuse or

dependence, alcohol or other drug misuse, exposure to

other psychotropic medications late in pregnancy, and

smoking), was low (5.9 per 1000 deliveries) [18]; how-

ever, the risk increased with long-term use compared with

short-term risk [relative risk (RR) 2.05, 95 % confidence

interval (CI) 1.81–2.33], as well as for late pregnancy

compared with early use (RR 1.24, 95 % CI 1.12–1.38),

independently of additional risk factors [18]. Overall,

50–80 % of opioid-exposed infants required pharmaco-

logic treatment for the management of NAS [6, 19, 20].

Preterm infants have been reported as being at lower risk

of opioid withdrawal, with less severe and/or prolonged

courses [21, 22].

Table 1 Prescription drug classes associated with drug-induced neonatal syndromes

Drug class Neonatal abstinence syndrome Residual pharmacological effects

Symptoms Onset since

delivery

Symptoms Onset since

delivery

Opioids Congestion, diarrhea, feeding disorders,

fever, hypertonia, hyperreflexia,

insomnia, irritability, seizure, sweating,

tachypnea, tremors, vomiting

Methadone:

60 h

Buprenorphine:

12–48 h

Morphine: 36 h

Tramadol:

35–48 h

Codeine: 2 h

Fentanyl: 24 h

Rarely described (i.e. methadone-induced

QT interval prolongation)

Not assessed

Antidepressants Chills, feeding disorders, hypotonia,

hypertonia, irritability, jaundice,

persistent crying, respiratory distress,

restlessness, seizures, sleep disorders,

tachypnea, tremors, vomiting

Within 24–72 h Withdrawal-like effects

TCAs: Anticholinergic effects

(constipation, urinary retention)

SSRIs: serotonin-like symptoms (fever,

myoclonus, tremors)

First hours

AEDs Abnormal tone, apnea, feeding disorders,

hypoglycemia, hypotonia, irritability,

jitteriness, seizures, vomiting

First hours to

1 week

Feeding disorders, hypoglycaemia

(valproic acid), hypotonia, sedation

First hours

Barbiturates Feeding disorders, hiccups and mouthing,

hyperacusia, hyperphagia, hypotonia,

irritability, jitteriness, persistent crying,

sleep disorders, seizures, sweating,

tremors, vomiting

6 days (average)

(from 30 min

to 14 days)

Not assessed Not assessed

Benzodiazepines Feeding disorders, hyperactivity,

hypertonicity, irritability, loose stools,

poor tachypnea, tremors, vomiting,

weight gain

First hours to

3 weeks

Apnea, CNS depression, cyanosis, feeding

disorders, hyperbilirubinemia,

hypothermia, hypotonia, inactivity, low

Apgar score, lethargy, weak crying

First hours

Antipsychotics Agitation, feeding disorders, hypertonia,

hypotonia, respiratory distress,

somnolence, tremors

First hours to

1 month

Withdrawal-like effects Not assessed

AEDs antiepileptic drugs, CNS central nervous system, SSRIs selective serotonin reuptake inhibitors, TCAs tricyclic antidepressants
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Besides analgesic use, opioids are mainly prescribed for

maintenance purposes in addicted women during preg-

nancy. The mainstay of this treatment is represented by

tapering of methadone or buprenorphine [23]. Evidence in

favor of buprenorphine use over methadone is growing due

to more favorable neonatal brain growth patterns with

buprenorphine [23]. Although evidence supporting the

teratogenic effects of opioids is scarce [24–27], long-term

use during pregnancy has been associated with brain

development impairments [28, 29]. Furthermore, although

the occurrence of NAS has been reported for both metha-

done and buprenorphine [30–36], it has been observed that,

prenatally, buprenorphine-exposed neonates required sig-

nificantly less morphine, shorter treatment duration, and

shorter hospitalization compared with prenatally metha-

done-exposed neonates [19, 37]. Higher neurobehavioral

score and less severe NAS have also been reported in

newborns after in utero exposure to buprenorphine, com-

pared with those exposed to methadone [38]. The rela-

tionship between methadone or buprenorphine dose and

NAS severity is currently controversial, with some studies

indicating an association and some not [39–45]. Other

prescription opioids that have been associated with with-

drawal syndrome include morphine [46], codeine [47–51],

tramadol [52–56], propoxyphene [57–60], fentanyl

[46, 61], and pentazocine [62–64].

Clinical features Besides individual genetic factors [65],

the onset of withdrawal signs and the peak of symptom

severity likely depend on opioid pharmacokinetics. For

instance, prenatal exposure to morphine displays a shorter

time to onset of newborn withdrawal (average 36 h),

compared with methadone (average 60 h) [66]. NAS

associated with buprenorphine generally starts after

approximately 12–48 h and peaks at approximately

72–96 h [67]. For tramadol, the onset was reported within

35–48 h, with a peak in 3–7 days [52–54] and, for codeine,

initial symptoms appear even after 2 h, with a peak within

24–48 h [47, 50]. Fentanyl-associated NAS was reported to

develop within 24 h, with a peak at 72 h [46, 61], even

when the drug was administered by transdermal devices

[61].

Opioid-related NAS can develop with a range of dif-

ferent symptoms that involve critical regulatory functions

of postnatal adaptation, ranging from neurologic hyperex-

citability (insomnia, irritability, hypertonia, hyperreflexia,

tremors, and seizures) to gastrointestinal symptoms (vom-

iting, diarrhea, feeding disturbances), and sympa-

thetic/parasympathetic dysregulation (sweating,

hyperthermia, tachypnea, and congestion) [68, 69]. Several

scales and scores have been developed to assess NAS

severity in opioid-exposed infants [70]. These are very

heterogeneous and include, amongst others, the Neonatal

Abstinence Syndrome Score, also known as the Finnegan

score, which is the most used in the US [71] in its modified

versions (see Table 2 for an example) [72]; Narcotic

Withdrawal Score (Lipsitz Score) [73]; Neonatal Narcotic

Withdrawal Index [74]; Neonatal Narcotic Withdrawal

Inventory [75]; and the MOTHER NAS Scale (a modified

version of the Finnegan scale) [19]. In newborns with NAS,

these scores are estimated by caregivers every few hours.

Based on their values, standard thresholds have been

defined to establish the extent (e.g. dose) and duration (e.g.

dose-titration scheduling for maintenance approaches) of

pharmacological and non-pharmacological interventions

[13].

Antenatal methadone exposure has also been reported to

be associated with transient prolongation of QT interval in

newborns, usually within the first 2 days of life [76]. This

effect may partly explain the high rate of infant sudden

death syndrome in newborns from mothers on maintenance

with methadone, although the pathophysiology of this

adverse outcome is likely to be multifactorial in nature

[77]. In particular, this adverse effect has been ascribed to a

direct toxicity after placental transfer of methadone, and

not to a withdrawal syndrome [76].

Biological mechanisms The mechanism of opioid-induced

NAS is complex and not fully understood. Opioids are

small lipophilic molecules that can easily cross the pla-

cental barrier [20]. One of the most accepted theories

suggests a pivotal role for a second messenger, cyclic

adenosine monophosphate (cAMP), responsible for signal

transduction in several cellular systems. The activation of

opioid receptors strongly inhibits adenyl cyclase, thus

preventing the synthesis of cAMP. After repeated opioid

exposure, the cells attempt to compensate for the lack of

cAMP by enhancing the expression of adenyl cyclase.

When opioid intake is discontinued, the hyperexpressed

adenyl cyclase is no longer inhibited, with consequent

overproduction of cAMP. The latter leads to an excessive

release of norepinephrine, which then binds to noradren-

ergic receptors, thus causing overactivation of the auto-

nomic nervous system that becomes responsible for the

onset of signs and symptoms associated with the with-

drawal syndrome [78–81].

Management The management of opioid-induced NAS is

also controversial. The most common approaches include

non-pharmacological and pharmacological interventions

[78, 82]. Among the non-pharmacological interventions,

infant feeding methods are the most explored. In particular,

the effect of feeding approach has been investigated in

seven observational retrospective studies [83–89].

Although these studies are flawed by significant limitations

and their results are not easily comparable [70], their
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findings suggest that, in infants with NAS, breastfeeding

from mothers stable in methadone or buprenorphine

maintenance (i.e. not using illicit opioids) is associated

with an overall decrease in the need for pharmacological

treatment (30 % reduction), a decrease in NAS scores, and

a decreased duration of pharmacological therapy and hos-

pitalization (3–19 days shorter) [70]. Notably, methadone

excreted into maternal milk may theoretically provide an

indirect maintenance treatment for babies with NAS.

However, one study showed that methadone concentration

in the blood of newborns breastfed by mothers on metha-

done maintenance is too low to explain a ‘pharmacological

compensation’ of the delivery-induced drug withdrawal

[90]. Thus, in this setting, the beneficial impact of breast-

feeding on NAS symptoms likely results from the positive

comfort associated with maternal contact [90]. Other non-

pharmacologic approaches, for which lesser evidence of

benefit in NAS is available, include rooming-in, bed type,

infant position, and non-insertive acupuncture [70].

The pharmacological management of opioid-induced

NAS may include a reintroduction of the discontinued drug

(or an alternative safer opioid) or the use of symptomatic

treatments. Orally administered morphine (morphine

chloride, or even in the form of opium tincture,

0.3–1.0 mg/kg/day, administered every 3–4 h, titrated to

effect and reduced every 24–48 h), or methadone (titrated

Table 2 Neonatal abstinence syndrome score. This tool assigns a cumulative score based on observation interval of several items related to signs

of neonatal withdrawal [94]

Group Signs and symptoms Description and scores

Neurologic

hyperexcitability

Excessive crying Score 2: infants who cannot stop crying and are difficult to console; Score

3: infants who cannot stop crying with comfort measures

Sleeping The longest amount of time that the infant sleeps continuously between

feeding and scoring periods. Score 0:[3 h; Score 1: 2–3 h; Score 2:

1–2 h; Score 3:\1 h

Moro reflex Score 2: hyperactive response with excessive abduction at the shoulder

and extension at the elbow; Score 3: the above signs occurred with

marked adduction flexion at the elbow with arms crossing the midline

Tremors disturbed (stimulated) Score 1: mild tremors, occurring frequently in fussy or crying states and

occasionally in quiet alert states; Score 2: moderate to severe tremors

occurring occasionally in drowsy states, often in quiet alert states, and

consistently in fussy or crying states

Tremors undisturbed (not stimulated)

Increased muscle tone (hypertonia) Tone is the resistance of parts of the body to passive movements and can

be assessed by testing the infant’s motor resistance. Score 1:

generalized increased resistance to extension and flexion of the limbs,

and head lag on pull to sit; Score 2: exaggerated increased tone,

sometimes visible without handling, with difficulty in straightening or

bending the arms with or without head lag (or chin tuck) on pull to sit

Excoriation Excoriation is redness or a superficial lesion of the skin that results from

the rubbing on linen due to excessive and uncontrolled movements of

the extremities (tremors) and head (rooting). Score 1: skin is red but

intact; Score 2: skin is broken

Generalized seizure Score 8: presence of seizure activity

Autonomic dysregulation Sweating Score 1: dampness of the infant’s forehead or upper lip

Hypertermia Score 1: body temperature[37.3 �C (99.0 �F)
Yawning Score 1: yawning more than four times within a 3–4 h testing period

Nasal stiffness Score 1: any nasal noise on breathing

Sneezing Score 1: sneezing more than four times within a 3–4 h testing period

Tachypnea Score 2: respiratory rate[60 breaths/min

Enteric symptoms Poor feeding Score 2: difficulties in feeding for any reason (sucking impairments,

positioning, muscle rigidity, etc.)

Vomiting Score 2: vomiting the whole feed or more than twice during feeding

Loose stools Score 2: liquid, or a half solid and half liquid, stools

Other signs Failure to thrive Score 2: weight gain is[10 % below birth weight

Excessive irritability Score 2: infant who displays two to three signs of irritability (i.e.

grimacing or being sensitive to touch, light and sound; gaze aversion;

pull down) and is consoled only with intervention after time; Score 3:

infant in whom consoling did not reduce the symptoms of irritability

Withdrawal Syndromes and Residual Pharmacological Effects of Maternal Exposure to Drugs 907



in the range of 0.3–1.0 mg/kg/day, administered every

4–12 h and then weaned) are the most commonly used

first-line medications, although there is no evidence on

which drug is superior [70, 91]. Buprenorphine has also

been investigated in recent studies, showing a decrease in

treatment duration and reduced hospital stay compared

with methadone [92] or opium solution [93]. Second lines

of treatment include phenobarbital, clonidine and clon-

azepam [20, 78, 94, 95]. Notably, randomized clinical trials

(RCTs) investigating the above pharmacological approa-

ches are small, employed different assessment tools and

protocols to escalate and wean medications, and adjusted

for different covariates, and are therefore very difficult to

compare. In RCTs, morphine was shown to be more ben-

eficial than phenobarbitone (significantly shorter duration

of treatment and reduced need for second-line treatment

and NICU admission) [96], but less effective than opium

tincture (n = 33; longer length of treatment and length of

hospitalization) [97]. In another RCT, conducted on 25

infants with NAS, buprenorphine displayed a reduced

length of hospital stay compared with neonatal opium

solution [98]. Finally, the benefits of add-on therapies to

first-line opioids, with clonidine and phenobarbital, have

been investigated, showing a decrease in the duration of

first-line therapy, with phenobarbital showing a shorter

duration of treatment when directly compared with cloni-

dine [95, 99, 100].

3.2 Antidepressants

Epidemiology It has been estimated that 13.5 % of preg-

nant women present depressive disorders [101]. Depres-

sion may have a negative impact on pregnancy outcomes,

including low birth weight and prematurity, irritation,

agitation, lethargy, reduced attention, and relationship

issues between mother and child, with consequent learn-

ing and behavioral problems during childhood [102, 103];

therefore, treatment with antidepressants is often recom-

mended [101]. In Europe, 1–3 % of pregnant women take

antidepressants [mainly selective serotonin reuptake

inhibitors (SSRIs; including fluoxetine, paroxetine, ser-

traline, citalopram, escitalopram and fluvoxamine), and

serotonin norepinephrine reuptake inhibitors (SNRIs;

including venlafaxine and duloxetine) because of their

effectiveness and safety], while in the US the rate is

approximately 4–13 %. Overall, 25 % of women treated

with antidepressants continue their treatment during

pregnancy, and 0.5 % of women start treatment during

pregnancy [104].

In 2004, the US FDA issued a class labeling change for

SSRI and SNRI antidepressants, introducing a warning

about the association of third-trimester exposure to

antidepressants and signs and symptoms consistent with

NAS [103]. Approximately 20–77 % of children exposed

to SSRIs in utero have been estimated to develop symp-

toms of NAS [102], with paroxetine and fluoxetine having

the higher incidence compared with other SSRIs

[105–108]. The incidence of NAS in newborns exposed to

tricyclic antidepressants (TCAs) in utero is approximately

20–50 % [102, 109]. NAS symptoms associated with

SSRIs, SNRIs and TCAs are similar and include a variety

of mild to moderate behavioral, autonomic and neurolog-

ical signs, such as irritability, persistent crying, chills,

tremors, restlessness, feeding difficulties, jaundice, vomit-

ing, hypotonia, hypertonia, and sleep disorders

[102, 110–124]. However, NAS may also rarely occur with

severe symptoms requiring NICU management, such as

respiratory distress syndrome and seizures

[112–114, 123, 125–131]. Motor, respiratory, gastroin-

testinal, and metabolic dysfunctions, usually mild to

moderate and self-limiting, occur in the majority of cases

shortly after birth, within the first 24–72 h, and generally

disappear within a few weeks. Residual pharmacological

effects of antidepressants occur immediately after birth,

and symptoms may depend on the specific antidepressant.

Following exposure to TCAs, anticholinergic symptoms,

such as urinary retention and constipation, can be observed

[102]. For the SSRIs, symptoms are expected to be similar

to those of a serotonergic syndrome in adults [102].

Several studies have attempted to estimate the NAS risk

in babies exposed to antidepressants in utero. Late SSRI

exposure is estimated to carry an overall risk ratio of 3.0

(95 % CI 2.0–4.4) for NAS compared with non-exposure

or earlier exposure to SSRIs [101]. Grigoriadis et al. [132]

found a significant increase in the risk of NAS as a result of

exposure to antidepressants during pregnancy [odds ratio

(OR) 5.7, 95 % CI 3.25–7.90], and signs such as respira-

tory distress (OR 2.20, 95 % CI 1.81–2.66) and tremors

(OR 7.89, 95 % CI 3.33–18.73) [132]. In a study conducted

on 997 infants whose mothers had used antidepressants

during the latter part of their pregnancy, excess neonatal

problems were observed more frequently after the use of

TCAs than SSRIs. In particular, an increased risk was

detected for respiratory distress (TCAs: OR 2.20, 95 % CI

1.44–3.35; SSRIs: OR 1.97, 95 % CI 1.38–2.83), neonatal

hypoglycemia (TCAs: OR 2.07, 95 % CI 1.36–3.13;

SSRIs: OR 1.35, 95 % CI 0.90–2.03), and neonatal seizures

(TCAs: OR 6.8, 95 % CI 2.2–16.0; SSRIs: OR 3.6, 95 %

CI 1.0–9.3), but not for neonatal jaundice (TCAs: OR 1.37,

95 % CI 0.88–2.12; SSRIs: OR 0.96, 95 % CI 0.63–1.46),

after exposure to TCAs compared with SSRIs [129]. As far

as SNRIs are concerned, late-pregnancy exposure to

duloxetine can be associated with a low risk of NAS but its

extent remains unclear [133]. Notably, the risk of NAS

after exposure to venlafaxine seems to be comparable to

the risk after exposure to SSRIs [102].
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Clinical features The diagnosis of antidepressant-associ-

ated NAS is complicated by the lack of standard diagnostic

criteria, the difficulty of discriminating between NAS and

residual pharmacological effects, overlapping between the

two clinical pictures, and the metabolic immaturity of

newborns [102, 133–135]. For SSRIs/SNRIs, the main

differences between NAS and residual pharmacological

effects (usually consistent with a picture of serotonergic

overstimulation) are likely in the time to event onset and

the serum concentrations of the drug or serotonin

metabolites [i.e. 5-hydroxyindoleacetic acid (5-HIAA)] in

the umbilical cord. Indeed, in the case of residual serotonin

toxicity, symptoms occur soon after delivery, and high

concentrations of antidepressants can be detected in the

umbilical cord serum [102]. By contrast, NAS symptoms

occur within 24–72 h from labor [122, 136, 137], and

5-HIAA levels are low and the concentration inversely

related with symptom severity [138]. The time to onset and

duration of withdrawal symptoms or serotonergic over-

stimulation in exposed infants depend on the pharmacoki-

netics of the specific antidepressant [110]. The half-life of

the antidepressant might influence the risk of NAS and

serotonin toxicity, while the drug dose does not seem to be

related to the occurrence or severity of NAS [102].

Commonly used scores for evaluating the severity of NAS

(i.e. the Finnegan score) [72] have never been validated for

antidepressants. In most cases, symptoms are non-specific and

the diagnosis is carried out by excluding infectious problems,

neurological diseases, intoxications, and metabolic dysfunc-

tions (hypoglycemia, hypocalcemia, etc.) [102, 135, 139].

Maternal depression is an important confounding factor [134].

Oberlander et al. [140] showed that only neonatal respiratory

distress was a symptom related to antidepressant withdrawal,

while other neonatal symptoms, such as feeding problems,

jaundice, and even convulsions, were found in both exposed

and non-exposed infants from depressed mothers [140].

Moreover, pregnant women taking antidepressants are often

exposed to other treatments with psychotropic drugs [113],

such as benzodiazepines [131], which might contribute to the

occurrence of neonatal adverse effects [107]. Children

undergoing an NAS typically display normal cognitive abil-

ities, but they may have a higher risk of developing social and

behavioral abnormalities than children without NAS. Follow-

up of these infants has been recommended [141].

BiologicalmechanismsAntidepressants are known to cross the

placental barrier [142–144]. The mechanism of NAS associ-

ated with SSRIs is not fully understood and likely reflects a

condition of withdrawal similar to that observed in adults

[145]. Some authors have speculated about a temporary defi-

ciency of synaptic serotonin occurring after abrupt withdrawal

of an SSRI [146]. Indeed, during treatment, serotonin reuptake

is blocked and therefore synaptic serotonin levels remain

elevated. This circumstance could induce a downregulation of

post-synaptic serotonin receptors (desensitization), which

could remain in their relatively hypoactive condition for days

to weeks [146].Atdelivery, theblockadeof serotonin reuptake

is abruptly interrupted and serotonin synaptic levels are

expected to rapidly decrease. This ‘serotonin shortage’, in

concomitance with receptor desensitization, is thought to

translate into a decrease of serotonin transmission, which can

have significant consequences, not only on the serotonin sys-

tem but also on the dopaminergic, noradrenergic and cholin-

ergic neurotransmissions, owing to the modulating control

exerted by serotonin on these pathways in the central nervous

system (CNS). The alterations resulting from these neuro-

transmitter interplays may explain the development of NAS

symptoms [105, 134, 146, 147]. TCA withdrawal has been

brought back to a cholinergic and adrenergic theory [109]. The

cholinergic theory is based on the fact that TCAs bind both

peripheral and central muscarinic receptors, with blockade of

cholinergic activity, and consequent upregulation of mus-

carinic receptors (which is an explanation for tolerance to

cholinergic adverse effects).WhenTCAs are discontinued, the

upregulation of muscarinic receptors promotes a condition of

‘cholinergic overdrive’ in some patients [134]. Notably, this

mechanism has also been described for paroxetine, and this

circumstance may provide an explanation for the higher fre-

quency of NAS associated with paroxetine compared with

other SSRIs [101].

The adrenergic theory holds that treatment with TCAs

causes inhibition of norepinephrine reuptake, with an

increase in the synaptic concentration of this mediator.

Initially, this condition leads to a decrease in nore-

pinephrine turnover and to a lowering of norepinephrine

release mediated by the overactivation of presynaptic a2-
adrenoceptors. However, with prolonged drug intake, a

downregulation of presynaptic a2-adrenoceptors occurs,

leading to a further increase in the synaptic accumulation

of norepinephrine. Following abrupt discontinuation of

TCA therapy, the synaptic levels of norepinephrine would

be expected to decrease rapidly; however, owing to the

desensitization of presynaptic a2-adrenoceptors, a signifi-

cant facilitation of norepinephrine release is maintained for

a certain period, with a subsequent temporary persistence

of the activity of noradrenergic neurotransmission [134].

Management Most NAS cases are mild in nature, being

characterized by short duration and self-limiting symp-

toms, and therefore they do not generally require treatment

[148]. Medical management consists mainly of close

monitoring of the newborn exposed to antidepressants in

utero, at least in the first hours after delivery [149]. Should

the syndrome develop fully, supportive care must be pro-

vided [101, 102, 106, 135, 150, 151]. Evolution of the

clinical picture can be monitored using the Finnegan score;
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a score of 8 on a survey of more than three consecutive

measurements is considered a serious NAS requiring

medication or transfer to the NICU [102, 130, 135, 139].

Phenobarbital has shown a good safety profile in newborns

and can be used to control irritability, stiffness, and sei-

zures [102, 112, 135, 139, 151, 152]. Breastfeeding has

been shown to reduce the severity and duration of NAS

[102, 149]. Available evidence does not allow to exclude

that, in mothers receiving SSRIs during lactation, this

beneficial effect can be partly explained by the excretion of

low amounts of these antidepressants into the maternal

milk. In this way, drug exposure would not be abruptly

interrupted by delivery. Therefore, some authors recom-

mend breastfeeding as a preventive strategy for SSRI-in-

duced NAS [102, 149, 153–155]. In this case, the

differential diagnosis between SSRI/SNRI serotonin with-

drawal and toxicity is a critical issue for clinical manage-

ment [5, 136]. Indeed, in case of withdrawal, the newborn

may benefit from being treated with an SSRI through lac-

tation. In contrast, in case of serotonin toxicity, being

exposed to an SSRI may have detrimental effects [5].

3.3 Antiepileptic Drugs

Epidemiology AEDs include a variety of drugs that are

highly heterogeneous, both for mechanisms of action and

indications. These drugs have been associated with the

development of neonatal abnormalities related to drug

exposure in utero, described as neonatal withdrawal

symptoms or residual toxicities. In this section, neonatal

syndromes related to maternal exposure to AEDs have

been reviewed, with two subsections focusing on barbitu-

rates and benzodiazepines since these two drug classes

have been investigated both with other AEDs and sepa-

rately as an individual drug class.

Epilepsy has been estimated to affect 0.3–1 % of preg-

nant women, and its treatment with AEDs should be aimed

at carefully balancing the risk of seizures for both the

mother and the baby [156] with the risk of teratogenic and

other adverse effects in the newborn [157–162]. In a recent

study performed on data from the Medication Exposure in

Pregnancy Risk Evaluation Program (MEPREP) database,

it was estimated that from 2001 to 2007 the use of AEDs

during pregnancy increased, mainly owing to a fivefold

increase in the use of newer AEDs. Older AEDs (i.e.

benzodiazepines, valproic acid, carbamazepine and

phenytoin) were the most commonly used drugs, with

benzodiazepines being involved in over half of the exposed

pregnancies. Among the newer AEDs, the most frequently

used drugs were gabapentin, lamotrigine, topiramate,

oxcarbazepine and levetiracetam. The most prevalent

indications were psychiatric disorders, pain disorders and

epilepsy [163]. Second-generation AEDs (e.g. lamotrigine)

are progressively replacing first-generation AEDs (e.g.

valproic acid) in pregnancy, both in monotherapy and

polytherapy [164–166]. The trend towards an increased use

of the newest AEDs in pregnant women is in line with the

clinician concerns about the teratogenic risk associated

with older compounds, such as valproic acid, phenytoin,

phenobarbital, primidone, and carbamazepine. Newer

AEDs appear to be safer in pregnancy compared with older

AEDs, even though limited data makes it difficult to issue

solid recommendations [163, 167, 168].

NAS has been described in newborns exposed prenatally

toAEDs. Several small observational studies have attempted

an estimation of the frequency of withdrawal syndrome in

babies born from mothers exposed to AEDs during preg-

nancy. A frequent limitation of investigations attempting a

comparison is the selection of non-epileptic mothers as the

reference group, which does not allow to exclude that epi-

lepsy may have a role in the occurrence and severity of

symptoms. A prospective study (n = 123) estimated that the

frequency of withdrawal-related jitteriness in babies with in

utero exposure to phenytoin alone, valproic acid alone, or a

combination of other AEDs (valproic acid, carbamazepine,

phenytoin, phenobarbital, sulthiame, and primidone) was 18

versus 0 % in non-epileptic women [169]. Another study

[170] evaluated the effects of in utero exposure to AEDs

using apathy and hyperexcitability scores, and showed

higher apathy scores for phenobarbital and phenytoin, and

higher hyperexcitability scores for valproic acid, compared

with a non-epileptic reference group. Dean et al. observed

that 50 (20 %) of 255 newborns exposed to AEDs in utero

experienced a withdrawal syndrome, with an RR of 7.45

(95 % CI 1.06–52.37), when compared with one case (3 %)

over 38 non-exposed epileptic pregnancies [159]. Pheno-

barbital monotherapy was less likely to be associated with

neonatal withdrawal symptoms (13 %), while polytherapy

was most likely to be associated (30 %; p = 0.001).

Neonatal withdrawal was significantly more frequent in

newborns exposed to valproic acid monotherapy (24 %;

p = 0.006) and phenytoin monotherapy (21 %; p = 0.018)

than in the non-exposed group (3 %) [159]. A small study

described 10 cases of NAS among 22 newborns exposed in

utero to valproic acid as monotherapy or combined with

carbamazepine [171]. A case-control study described four

cases of NAS among 37 newborns exposed to valproic acid

monotherapy or in combination with primidone, carba-

mazepine or lamotrigine compared with no cases in control

groups (untreated epileptic women or healthywomen) [157].

Clinical features Symptoms of AED-related NAS are

similar to those of opioid withdrawal. They usually occur

during the first few hours after birth and up to 1 week after

delivery, and may persist for weeks and months

[172–175]. Symptoms may include irritability, jitteriness,
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abnormal tone, hypotonia, seizures, feeding disorders,

hypoglycemia, apnoeic episodes and vomiting

[12, 156, 159, 170, 176]. Hypotonia and feeding problems

may depend on the sedative effect of AEDs [173]. Notably,

withdrawal symptoms have been described as part of the

‘fetal anticonvulsant syndrome’, characterized also by

malformations, developmental disorders and facial dys-

morphism [12]. Valproic acid in monotherapy or poly-

therapy (in combination with phenytoin, carbamazepine,

ethosuximide or primidone), oxcarbazepine and lamotrig-

ine, used during pregnancy for the treatment of epilepsy,

have been described in case reports as the suspected cau-

sative drugs for NAS [156, 173, 177, 178]. Withdrawal

symptoms were also reported in infants born to women

treated with gabapentin or baclofen during pregnancy for

the management of neuropathic pain and paraplegia,

respectively [174, 175, 179]. In late-preterm infants,

withdrawal symptoms developed 1–3 days after birth and

were preceded by bradycardia, difficulty in breathing,

cyanosis, intercostal retractions, apnea, and hypotonia at

birth [156, 177, 179].

Biological mechanisms Most AEDs cross the placenta by

diffusion in substantial amounts [170]. For valproic acid

and gabapentin, active transportation has been also

described [172, 180–183]. Notably, for many newer gen-

eration AEDs, gestational pharmacokinetic data are still

limited [180]. The occurrence of withdrawal symptoms in

newborns of epileptic mothers has been correlated posi-

tively with the mean dose of valproic acid administered in

the third trimester (daily dose C2 g) and the concentration

of the free fraction of valproic acid in maternal plasma at

delivery [171, 173]. Valproic acid concentrations at birth

have been correlated with hyperexcitability in the newborn,

while apathy was associated with high serum concentra-

tions of unbound phenobarbital [170]. Jitteriness was

related to phenytoin concentrations in maternal blood and

cord blood [169]. Of note, these data are not conclusive

since other studies failed to show any correlation between

the drug dose or cord blood serum concentrations and the

occurrence of withdrawal syndrome [159, 169]. Further-

more, deficient hepatic and renal elimination capacities in

the neonate can result in a longer half-life of AEDs when

compared with adults, such as in the case of valproic acid.

By contrast, in utero exposures to phenytoin, carba-

mazepine and primidone have been shown to induce the

fetal hepatic enzyme systems, resulting in drug elimination

patterns similar to adults [172]. The presentation of signs

and symptoms of NAS may sometimes be delayed, con-

sistently with the elimination time of drug metabolites in

the neonate. Alternatively, the delay can be explained by

an increase in AED concentrations after delivery, likely

due to their slow disposition from CNS and lipid stores

[175, 177]. Indeed, the fetus can be considered as a ‘deep

compartment’ filled up by these compounds during long-

term therapy throughout pregnancy [172]. Accordingly,

after delivery, AEDs (phenobarbital, primidone, valproic

acid and benzodiazepines) have been found to persist in

neonatal plasma for several days. This mechanism can

explain some earlier neonatal events (direct toxicity), such

as sedation, hypotonia, weak sucking, feeding problems

and, later, neonatal withdrawal syndrome [173, 176, 184].

Signs of drug withdrawal in neonates can be monitored

using the Finnegan scoring system [174, 177, 179],

although other scoring systems have been used occasion-

ally [170].

The mechanism underlying AED-induced NAS has not

been fully understood yet, and is likely to differ across the

various drugs. In adults, the c-aminobutyric acid (GABA)

system is known to play a pivotal role in the pathogenesis

of withdrawal symptoms associated with benzodiazepines,

barbiturates, gabapentin and baclofen [185, 186]. Pro-

longed use of baclofen also induces the inhibition of

monoamine neurotransmitter systems, leading to upregu-

lation of the dopamine and noradrenergic receptors. When

baclofen is suddenly withdrawn, a disinhibition of the

previously suppressed monoamine pathways occurs, with a

consequent release of norepinephrine and dopamine onto

upregulated receptors, leading to autonomic arousal (i.e.

tachycardia, hypertension, agitation, restlessness), as well

as delusions, hallucinations and delirium [186]. The

administration of valproic acid in rats was related to

increased levels of striatal met-enkephalin that might par-

ticipate in the occurrence of valproic acid-induced absti-

nence behavior [187]. It has been suggested that

withdrawal symptoms observed with carbamazepine are

consistent with those of TCAs, likely due to chemical

similarities [188]. Hypoglycemia is also one of the symp-

toms associated with AED withdrawal syndrome, a con-

dition that is often associated with neonatal feeding issues.

However, hypoglycemia may depend on residual toxicity

of in utero exposure to valproic acid since this drug has

been shown to decrease gluconeogenesis and impair

glycogenolysis in newborns [156, 171].

Management A standard treatment of AED-induced NAS

has not been defined. Symptoms can be mild and transient

or severe, to such an extent as to require transfer to the

NICU [156, 173, 177, 179]. Infants developing withdrawal

symptoms after abrupt discontinuation of AEDs (valproic

acid in mono- and polytherapy) have been treated with

phenobarbital and diazepam (in case of repeated seizures)

[171, 173], or the readministration of the drug responsible

for withdrawal (gabapentin, baclofen) [174, 175, 179].

Some infants required enteral feeding or breast milk sup-

plemented with formula milk, usually because of feeding
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problems caused by withdrawal symptoms [171, 179].

Among the preventive strategies, discontinuing AEDs

during pregnancy is not usually an option since a recur-

rence of seizures in pregnant women is expected [159].

Monotherapy and the lowest drug dose may limit the risk

of neonatal withdrawal [173]. Tapering down the dose of

AEDs (i.e. gabapentin) slowly prior to delivery over a

period of weeks to months can be useful in the mini-

mization of NAS risk [12, 179].

3.3.1 Barbiturates

Epidemiology and clinical features For decades, barbitu-

rates have been indicated for the treatment of several

clinical conditions during pregnancy that, at least initially,

included anxiety, sedation, prevention of hyperbilirubine-

mia in the newborn, pre-eclampsia and epilepsy [189, 190].

The management of epilepsy with barbiturates during

pregnancy remains a controversial issue since in utero

exposure to these drugs may result in newborn behavioral

abnormalities, neurological impairments and/or NAS

[190, 191].

Although abstinence syndrome is well-described in

adults [192], barbiturate-related NAS is less well-docu-

mented and is often described by case reports and small

case series published during the 1970s, when these com-

pounds were more frequently prescribed by physicians for

the management of epilepsy in pregnant women as well as

for pre-eclampsia [170, 190, 191, 193, 194]. These early

cases provide limited information, mainly due to diagnostic

uncertainties related to the great variability of symptoms

and the pioneering approach to NAS. In a retrospective

study, performed in 15 infants born from mothers receiving

barbiturates during pregnancy, Desmond et al. [190]

reported that the syndrome develops with an early acute

phase, characterized by symptoms such as persistent cry-

ing, tremors, sleeplessness, hiccups and mouthing, fol-

lowed by a subacute phase, with symptoms such as

hyperphagia, episodes of prolonged crying, irritability,

hyperacusia and sweating [190]. Other symptoms reported

in the literature include hypotonia, feeding accompanied by

gagging, vomiting, jitteriness and seizures [193–195].

Although symptoms are similar to those observed in

opioid-exposed infants, barbiturate withdrawal symptoms

appear to have a later onset (median age 6 days, range

30 min–14 days) than opioid withdrawal symptoms (me-

dian age 6 h, range 10 min–2 days) [190, 194, 196]. This

delay can be explained by the mechanism of tissue accu-

mulation (described in the section dedicated to AEDs in

general) and by the poor conjugating capacity of the neo-

nate, as well as the poor glomerular and tubular function of

immature kidneys [189–191]. The duration of symptoms

can vary from 2 to 4 months (with a median of 3 months),

although they may persist for up to 6 months [190].

Moreover, newborns receiving barbiturates (compared with

opiates) are less frequently jaundiced, have better Apgar

scores, and have no apparent residual injury following

withdrawal [190, 194], as well as no autonomic and gas-

trointestinal distress [193].

Biological mechanisms Barbiturates can easily cross the

placental barrier and can be detected at high concentrations

in the serum and umbilical cord serum of newborns

[191, 196–198]. A lower plasma protein binding (3–43 %)

in newborns, compared with adults (51 %), could also

explain the higher blood levels as compared with the

mother [199]. Factors that may affect serum levels of

phenobarbital in offspring include maternal dose, gesta-

tional age, neonatal weight and days of life, as well as the

duration of prenatal exposure [191, 194]. The mechanism

of barbiturate-induced NAS is not clear but is likely to be

similar to that described in the section of this review

dedicated to benzodiazepines, thus involving GABA neu-

rotransmission [200].

Management Standard treatments for the management of

barbiturate-associated NAS are not available. Phenobarbi-

tal has been shown to be effective in the management of

the syndrome, even if an elevated rate of tolerance was

reported. A daily dosage of phenobarbital 5–7 mg/kg/day

in newborns affected by seizures or drug abstinence syn-

drome has been considered useful and safe for infants

[199]. As far as preventive approaches are concerned,

evidence and data obtained from studies conducted in

infants from pregnant epileptic women confirmed the need

to treat them with the minimum effective dose, in order to

reduce the risk of withdrawal in infants, following pla-

cental disposition [191].

3.3.2 Benzodiazepines

Epidemiology Benzodiazepines are frequently used by

women of reproductive age and pregnant women for a

variety of indications, including anxiety, sleep distur-

bances, control of seizures and managing pre-eclampsia or

eclampsia in the late phase of pregnancy [201–203]. It has

been estimated that approximately 2–3 % of pregnant

women use benzodiazepines [2, 102, 204, 205].

Despite the relatively frequent use of benzodiazepines

during pregnancy, data on neonatal outcomes are still

limited and the safety of these drugs in pregnancy,

including their teratogenic potential, remains controversial

[204, 206–210]. When benzodiazepines are administrated

late in pregnancy, they are easily disposed into the fetus,
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where they have the potential to accumulate, causing two

major neonatal syndromes: an NAS designated as ‘opiate-

like withdrawal syndrome’ lasting several days, and ‘floppy

infant syndrome’ (FIS), characterized by signs of poisoning

within the first hours or days [206, 211]. At present, the

actual prevalence of neonatal issues with benzodiazepines

remains unknown since they can also be used as illicit drugs.

Moreover, a small number of studies have examined new-

borns exposed prenatally to benzodiazepine monotherapy,

and the pathophysiology of neonatal syndromes associated

with benzodiazepines has been poorly described and

understood [6, 208]. The neonatal consequences of benzo-

diazepine use at the end of pregnancy have been evaluated

in an observational study performed by the Regional Phar-

macovigilance Center of Tours (France) on 73 pregnancies

recorded from 1998 to 2002 [212]. The most commonly

used benzodiazepines were oxazepam, bromazepam,

alprazolam, clonazepam and clorazepate. Indications

included depression, anxiety, epilepsy, insomnia and psy-

chiatric disorders. In this study, exposure to benzodi-

azepines was associated with adverse reactions in 51.5 % of

newborns, comprising an ‘impregnation syndrome’ (char-

acterized by hypotonia and hypoventilation) in 42 % and a

withdrawal syndrome in 20 % of cases (tremors as the main

symptom) [212]. Another study, performed to investigate

infant and maternal characteristics of NAS in selected

hospitals in Florida from 2010 to 2011, showed that ben-

zodiazepines were the second most commonly reported

drug class associated with NAS (40.5 %) [213]. Lastly, an

analysis of the Swedish Medical Birth Register found that

late exposure to benzodiazepines and benzodiazepine

receptor agonists (zopiclone, zolpidem, zaleplon) is asso-

ciated with a higher risk of respiratory problems (OR 2.21,

95 %CI 1.62–3.02) and lowApgar score (OR 2.20, 95 %CI

1.11–4.39). A trend towards an increased risk for signs of

CNS disorders (e.g. seizures) was also detected but it was

not statistically significant (OR 1.53, 95 % CI 0.42–3.92)

[206]. Notably, some case series and studies conducted on

specific benzodiazepines (diazepam, clonazepam, lor-

azepam, oxazepam, chlordiazepoxide, midazolam) did not

show any neonatal toxicity or withdrawal syndromes in

babies born from mothers who had taken benzodiazepines

during pregnancy [214–221].

Clinical features Symptoms of NAS and FIS are largely

similar and it can be difficult to distinguish between the

two since they may occur in sequence and their symptoms

can partly overlap [2, 102]. Signs and symptoms of these

syndromes have been described in several case reports and

case series of pregnant women exposed to benzodiazepines

[203, 211, 216, 218, 222–242]. Symptoms of both NAS and

FIS are also documented in dated observational studies

[243–249].

NAS can hardly be recognized since it may start several

days after delivery, up to 21 days in the case of chlor-

diazepoxide [235], and symptoms may last for up to

3–6 months [209, 250]. Time to onset and duration of

symptoms correlates well with the pharmacokinetics and

placental disposition of benzodiazepines and their accu-

mulation in neonatal tissues [203]. NAS symptoms repor-

ted in case reports include tremors, irritability,

hyperactivity, hypertonicity, tachypnea, vigorous sucking,

poor weight gain, loose stools, and vomiting

[203, 222, 224, 227, 229, 232–235, 239]. The benzodi-

azepines involved included diazepam (10–20 mg/day),

chlordiazepoxide (20–30 mg/day), lorazepam (1 mg/day),

alprazolam (1.5–8 mg/day), oxazepam and clobazam taken

for the management of psychiatric disorders and anxiety

throughout pregnancy or in the last 3–5 months

[203, 222, 224, 227, 229, 232–235, 239]. Concomitant

medications may have contributed to the occurrence of

symptoms [224, 229]. Notably, in one case the infant died

at 6 weeks of age following a withdrawal syndrome asso-

ciated with in utero exposure to diazepam treated with

phenobarbital for 28 days. Death was attributed to sudden

infant death syndrome [229].

FIS usually occurs when the fetus is exposed to long-

acting benzodiazepines on a long-term basis, or when

benzodiazepines are administered shortly before delivery,

leading to a newborn intoxication of variable severity and

duration. FIS symptoms (hypotonia, inactivity, weak cry,

lethargy, sucking difficulties, low Apgar score, hypother-

mia, apnea, cyanosis, hyperbilirubinemia, CNS depression)

occurred mainly within the first hours after labor and lasted

for up to 14 days [211, 216, 218, 223, 225, 226, 228, 230,

231, 236–238, 242]. Diazepam (10–30 mg intravenously or

6–25 mg/day) was the mostly reported drug, followed by

nitrazepam (5–10 mg/day), lorazepam (7.5 mg/day),

chlordiazepoxide (500 mg intravenously or 100 mg/day),

clonazepam (0.75 mg/day) and flunitrazepam, taken late in

pregnancy for the treatment of psychiatric disorders or

during labor in the case of pre-eclampsia or premature

labor [211, 216, 218, 223, 225, 226, 228, 230, 237, 242].

Only a few reports have described cases of neonatal apnea

or mild depression associated with maternal exposure to

clonazepam (5.5 mg/day) for the treatment of epilepsy

[231, 238]. In some reports, we cannot exclude the con-

tribution of other psychotropic medications to the occur-

rence of neonatal symptoms [211, 216, 218, 226, 228, 230].

Biological mechanisms The onset of NAS and FIS, as well

as their severity and duration, can be influenced by a

number of factors: properties of the specific drug (plasma

protein binding, ionization, lipophilicity, molecular weight,

half-life, oral bioavailability), maternal treatment (dose,

duration of exposure, time of last dose intake,
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comedication with other drugs), infant characteristics (fetal

absorption and storage, postnatal tissue binding and

release, metabolism and excretion), and underlying

maternal/fetal conditions [102, 206, 229]. Neonatal com-

plications following in utero exposure to benzodiazepines

also seem to be related to the lipophilic nature of these

drugs, which allows an easy crossing of the placental

barrier [206, 225, 227, 237, 247, 251]. Placenta can also be

considered as a ‘deep compartment’ where the drug and its

metabolites accumulate and are eliminated slowly, in a

similar situation to that generally described for AEDs in the

previous section [227]. Oxazepam, lorazepam, nitrazepam

and, in particular, flunitrazepam, appear to penetrate the

human placenta more slowly than diazepam, but the clin-

ical significance of this remains undetermined [214, 215,

251]. Long-acting benzodiazepines (i.e. diazepam, chlor-

diazepoxide, chlorazepate, flurazepam, prazepam, nitraze-

pam) exert sustained actions that often can produce a

‘hangover’ type of effect, with long-term treatments

resulting in drug accumulation. Short-acting drugs (i.e.

alprazolam, lorazepam, oxazepam, temazepam, lormeta-

zepam) display relatively little residual effect but can

induce withdrawal symptoms more commonly [203]. Due

to immaturity, less total body fat, and differences in overall

drug exposure, preterm infants may exhibit fewer signs of

withdrawal than term infants. However, it is conceivable

that drug metabolism can be delayed in the premature

neonate with reduced enzymatic functions in the liver [215,

249]. The long half-life of some benzodiazepines and the

immaturity of metabolic pathways in the newborn are not

the only factors to be considered when explaining the

persistence of neonatal symptoms for weeks after birth.

Indeed, benzodiazepines can be easily metabolized by the

neonate, and some benzodiazepines (i.e. diazepam and

clorazepate) can be converted into active compounds with

a longer half-life than those produced by maternal meta-

bolism [211, 215, 229, 249].

Infants may develop NAS with the classical mechanism

of abrupt benzodiazepine discontinuation after a passive

addiction acquired during pregnancy [252]. The underlying

mechanism seems to be related to the mechanism of action

of benzodiazepines, and likely results from the modulation

of GABA-A receptors. Indeed, benzodiazepines enhance

the affinity of GABA-A receptors for GABA, resulting in

an increment of chloride conductance, thus promoting a

condition of CNS depression [2, 253].

The mechanism and significance of seizures associated

with benzodiazepine withdrawal are unclear [20]. In adults,

chronic therapy with benzodiazepines may lead to con-

formational changes in GABA-A receptors, with a decrease

in receptor affinity resulting in decreased GABA activity.

When benzodiazepines are withdrawn, the condition of

decreased GABA receptor activity leads to reduced GABA

inhibitory control on excitatory neurotransmitters, thus

promoting a pro-excitatory status in the CNS [254]. Ben-

zodiazepines with a short half-life, such as oxazepam and

temazepam, do not usually elicit toxicity, but the risk of

withdrawal is increased compared with benzodiazepines

with a longer half-life [102]. The mechanism by which

benzodiazepines can induce FIS is likely related to an

enhancement of GABA actions on GABA-A receptors at

limbic, thalamic, and hypothalamic levels, resulting in

sedative, hypnotic, anxiolytic, anticonvulsant, and muscle

relaxant effects [202]. Fetal benzodiazepine effects seem to

be mediated by a central depression of cardiac and/or

respiratory reflex centers [255]. High medication doses (i.e.

diazepam[30 mg) [247] and benzodiazepines with a long

half-life (i.e. nitrazepam and diazepam) were shown to

have the highest risk owing to their accumulation in new-

borns [102].

Management The standard management of benzodi-

azepine-related neonatal syndromes (NAS and FIS) has

not yet been defined, nor has a treatment protocol driven

by an assessment tool [6]. The Finnegan score, used to

assess the severity of withdrawal syndrome, can be useful

for initiating, monitoring, and terminating treatments in

neonates [2, 227, 248], and the Apgar score is useful for

evaluating acute neonatal outcomes [248, 256]. The initial

treatment option is commonly based on a supportive non-

pharmacological intervention, and symptoms resolve

spontaneously without sequelae [202, 223, 226].

Mechanical feeding and ventilation have been described

for management of the most severe acute phases [230]. In

the most severe situations, pharmacological treatment can

be required [2]. There is general agreement that neonates

can benefit from sedative pharmacotherapy [6]. Three

cases of severe tremors, occurring in newborns after

diazepam exposure in utero, were treated with pheno-

barbital [229]. Two case reports showed rapid, complete

and sustained reversal of prolonged apnea and hypotonia

induced by diazepam following treatment with flumazenil

[211, 225].

Current information is insufficient to determine whether

the potential benefits of benzodiazepine treatment in

pregnant women overcome the risks for the fetus [202].

Bearing in mind the RR of drug exposure versus the

potential impact of untreated psychiatric disorders [216],

when necessary physicians should prescribe benzodi-

azepines that have more robust safety data, in monother-

apy, at the lowest effective dose for the shortest period of

time, dividing the daily dose into at least two doses and

avoiding high single doses, multidrug regimens, and

repeated and prolonged administration of benzodiazepines

during pregnancy [202, 236]. If possible, use of the shorter-

acting agents should be considered and their
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discontinuation should be performed, with doses tapered

down well prior to delivery [202, 203].

3.4 Antipsychotics

Epidemiology and clinical features The prevalence of

pregnancy in women with schizophrenic and other severe

and persistent psychiatric disorders (SPPDs) has increased

since the deinstitutionalization of mental hospitals and the

consequent increased availability of sexual partners

[257–259]. Moreover, the progressive reduction of the use

of first-generation antipsychotics (FGAs), endowed with

hyperprolactinemic effects that may exert a control on

fertility, in favor of second-generation antipsychotics

(SGAs), often lacking effects on fertility, are further

increasing the frequency of pregnancy in patients with

SPPD [260, 261].

Evidence regarding the impact of pregnancy on the

course of schizophrenia is inconclusive. Women with a

history of psychotic disorders may experience a worsening,

rather than an improvement, of symptoms during preg-

nancy [262, 263]. As far as bipolar disorder is concerned,

the issue of whether this disease worsens during pregnancy

is controversial, with some studies showing worsening of

the disease [264, 265] and other studies showing no con-

sequences [266–270]. In this scenario, it is particularly

important that the mental health of women with SPPDs is

stable if they are about to become parents.

Antipsychotics are effective medications for psychotic

and bipolar manic episodes, and their use is rising among

pregnant women with bipolar disorder, schizophrenia, and

unipolar depression, as well as other SPPDs [271–274];

however, reproductive safety data on these drugs are lim-

ited. Studies investigating the teratogenic potential of

antipsychotic medications have shown a general increase in

the risk of malformations associated with the overall drug

class. This finding does not allow to exclude that the

underlying disease or unidentified confounding factors may

explain the increased risk [275]. Overall, the use of both

SGAs and FGAs during late pregnancy has been associated

with increased rates of neonatal complications (i.e. deficits

in neuromotor performance, hypertonicity, tremors) com-

pared with exposure to antidepressant and non-psy-

chotropic drugs [276, 277].

In 2011, the US FDA issued a warning about neonatal

extrapyramidal symptoms and possible medication with-

drawal based on data from the Adverse Event Reporting

System (AERS) [278]. Indeed, from 2008 to 2011, the

AERS database identified 69 cases of neonatal extrapyra-

midal or withdrawal symptoms associated with several

antipsychotic drugs. The reported symptoms included

agitation, hypertonia, hypotonia, tremor, somnolence, res-

piratory distress and feeding disorder. Blood levels were

not provided, making it impossible to determine whether

the events resulted from NAS or residual pharmacological

effects. The time to event onset ranged from delivery to

1 month after delivery. Symptoms varied in severity; some

neonates recovered within a few hours or days without

specific treatment, while others required NICU support and

prolonged hospitalization [278].

A study of 142 live births recorded by the Australian

National Register of Antipsychotic Medication in Preg-

nancy (NRAMP) described medication withdrawal symp-

toms in 15 % of babies. These newborns displayed at least

two of the following symptoms: excessive high-pitched

crying, pronounced Moro reflex, myoclonic jerks, inter-

mittent bouts of sneezing and/or yawning, excessive

drowsiness, tremors, pronounced irritability, difficulty

feeding, vomiting, and loose stools [279]. Babies who

experienced withdrawal symptoms had been exposed to

higher doses of antipsychotics at 12 weeks’ gestation (4.4

vs. 2.7 mg/day), although this difference did not reach

statistical significance (p = 0.162). Symptoms were pro-

longed in several babies, lasting up to 6–8 weeks [279].

Differences can be highlighted among individual

antipsychotic drugs. Neonatal complications ranging from

mild withdrawal reactions to seizures have been described

for risperidone [280–283]. A case report described an

episode of hyperbilirubinemia, thermoregulation, and

feeding problems associated with in utero exposure to

risperidone (4 mg/day), requiring hospitalization of the

newborn for 6 weeks [282]. Neonatal alterations associated

with late in utero exposure to haloperidol may include

thermoregulation impairments, decreased muscle tone,

tremor on stimulation, vomiting, and poor feeding [284]. In

a study, neonatal symptoms were observed in 8 of 30

(27 %) olanzapine-exposed infants versus 1 of 51 (2 %)

non-exposed controls. These symptoms included respira-

tory distress (two cases), hypotonia (one case), poor

sucking or difficulty feeding (two cases), and unspecified

withdrawal syndrome (three cases) [285]. For clozapine,

reported neonatal complications include retinopathy, tran-

sient and severe neonatal hypoxemic encephalopathy, and

FIS [226, 275, 286–294]. Two case reports described

delayed extrapyramidal symptoms in infants following

prenatal fluphenazine administration [295, 296]. One

developed neurologic symptoms, such as choreoathetoid

and dystonic movements of the upper limbs, jitteriness, and

hypertonicity that began 3 weeks after birth and lasted for

9 months. The second case had extrapyramidal manifes-

tations that began 4 weeks after delivery. Both infants

responded to treatment with diphenhydramine hydrochlo-

ride. In these two cases, respiratory effects were not

reported. Another case described an infant with severe

rhinorrhea and upper respiratory distress 8 h after birth

[297]. Over the next 48 h, nasal congestion, rhinorrhea,
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extrapyramidal movements and vomiting improved and the

baby was discharged on day 3. Nasal congestion and rhi-

norrhea persisted for 3 months.

Biological mechanisms All psychotropic medications can

diffuse readily to the fetus across the placenta due to their

relatively small molecular size and lipophilic properties

[298]. Fetal exposure to these drugs appears to vary

according to the level of placental transfer. To quantify the

placental permeability to antipsychotic medications, New-

port et al. [299] conducted a prospective observational study

in which maternal and umbilical cord plasma samples were

collected at delivery from 50 women exposed to antipsy-

chotics in pregnancy. The highest placental transfer ratiowas

observed for olanzapine (mean ratio ± standard deviation

72.1 ± 42.0 %), followed by haloperidol (65.5 ± 40.3 %),

risperidone (49.2 ± 33.9 %) and quetiapine

(23.8 ± 11.0 %). Themechanism underlying these effects is

unclear. It has been suggested that withdrawal symptoms

depend on a cholinergic rebound rather than a dopaminergic-

blockade [300, 301]. However, we cannot rule out that at

least part of the early symptoms is related to residual toxicity.

Management A standard treatment of neonatal complica-

tions associated with in utero exposure to antipsychotic

medications is not available. In an analysis of 114 babies in

the NRAMP database, those who were exclusively

breastfed soon after delivery were less likely to experience

withdrawal symptoms than those receiving exclusively

artificial feeding [9 of 74 (12.2 %) vs. 11 of 40 (27.5 %);

OR 2.74, 95 % CI 1.02–7.32] [302]. Mild symptoms may

resolve spontaneously without treatments. The clinical

management of the most severe cases is based on symptom

control with sedative drugs, such as phenobarbital and

benzodiazepines [278].

3.5 Other Drugs

In the medical literature, NAS or residual pharmacological

effects due to drug exposure during pregnancy have been

anecdotally described for clonidine (hypertension-related

symptoms) [303], hydroxyzine (neurological symptoms)

[304, 305], methyldopa (neonatal jitteriness) [306], pyri-

doxine (neonatal seizures) [307], and lithium (FIS) [102];

however, the evidence for these drugs is very limited and

further studies are needed.

4 Conclusions

Several drugs prescribed during pregnancy can be associ-

ated with the development of neonatal abnormalities,

resulting from delivery-related withdrawal symptoms or

representing a direct harm of the drugs accumulated in the

blood and tissues of newborns during the fetal period.

These drugs are substantially used to treat CNS diseases, or

are able to interfere with neurotransmission both in the

brain and peripheral nervous system. These effects are

mostly mild, even though severe reactions, rarely fatal in

nature, may occur, and their early recognition and man-

agement can be helpful in reducing their clinical impact on

newborns. Unfortunately, with the potential exception of

opioids, validated protocols for the assessment and man-

agement of withdrawal or residual toxic effects of these

drugs in neonates are often lacking and incomplete, and

should be implemented in the future. Notably, the quality

of available evidence is often limited, since neonatal

adaptation issues have been investigated mainly in case

reports and small observational studies. An additional

limitation of these investigations stems from the circum-

stance that they evaluated pregnant women exposed to

pharmacological treatments, compared with healthy preg-

nant women. Therefore, this design does not allow to

exclude that the disease may play a role in the occurrence

and severity of neonatal symptoms. Moreover, information

about differences in the risk of neonatal syndromes across

drugs belonging to different drug classes, or even the same

drug class, are scarce. Overall, large studies aimed at

identifying specific features (i.e. dose/effects relationship,

placental function, impact on breastfeeding, and pharma-

cogenetics) of each drug should be performed, thus

allowing the discrimination of the most appropriate and

safer pharmacological approach, and also across the same

therapeutic class. Spontaneous reporting of these adverse

reactions seems limited, although it might represent a

useful tool for improving our knowledge about drug-in-

duced neonatal syndromes.
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