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Recreational drug toxicity is a rapidly evolving aspect in clinical practice. The prevalence of recreational drug
abuse in the past decade has achieved an epidemic scale due to invention of new agents and ease of accessibility
to the abused drugs. “Unconventional recreational drugs” is the term that includes new psychoactive drugs and
medications diverted for recreational goals. Misuse of unconventional recreational drugs during pregnancy can
affect both the pregnant woman and the fetus. However, the problems are usually unrecognized and overlooked

by healthcare professionals. In this articles, obstetric complications, teratogenicity and neonatal abstinence
syndrome from exposure during pregnancy to synthetic cannabinoids, synthetic cathinones, tramadol, kratom,
olanzapine, quetiapine, ketamine and ketamine are reviewed. The main purpose is to create awareness about
maternal, fetal and neonatal effects of these unconventional recreational drugs, so healthcare professionals will
have improved vigilance for these under-recognized issues.

1. Introduction

Misusing drugs and chemicals for recreational purposes is a
common and growing problem in adolescents and young adults
worldwide. The types and patterns of abuse include the typical illicit
substances such as methamphetamine, cocaine and heroin, as well as,
‘emerging’ substances which are referred to as new psychoactive sub-
stances (NPS) [1,2]. In addition, during recent years there are also in-
creasing numbers of pharmaceuticals that are being used for recrea-
tional purposes. A new psychoactive substance is defined by the United
Nations Office on Drugs and Crime as substances of abuse which are not
scheduled under the 1961 Single Convention on Narcotic Drugs or the
1971 Convention on Psychotropic Substances. The essence of NPS are
their psychoactive effects which closely mimic those of conventional
recreational drugs such as the amphetamines. Substances in the NPS
group consist of synthetic chemicals such as synthetic cannabinoids,
synthetic cathinones and piperazines, as well as plant-based substances
such as kratom or mitragynine and khat whose active substance is
cathinone [1-3]. The use of NPS has increased globally, reaching an
epidemic scale in the past decade. More than 900 NPSs have been re-
ported thus far and one or more NPSs are found in over 110 countries
around the world [2,3]. The primary reasons behind this unprecedented
popularity are the perceptions that they are unscheduled and thus re-
present ‘legal high’ options, as well as the misconception that some

agents such as kratom are benign due to their plant-based nature.
Moreover, many substances such as synthetic cannabinoids have nick-
names which are misleading as ‘spice’ or ‘herbal high’ implying that
they are somehow plant-derived [2,3] (see Table 1).

To add fuel to this epidemic, the number of synthesized substances
for recreational use has increased phenomenally in the past ten years,
making detection of NPS in biological samples collected from abusers
extremely difficult. Consequently, development of detection techniques
can hardly keep up with the rate of new agents being created [4,5].
Moreover, diversion of prescription and over the counter medications
for non-medical use has recently become another major source of re-
creational drugs. In addition to opioids and ketamine which have long
been diverted for misuse, other common drugs with seemingly no abuse
potential such as promethazine, dextromethorphan, gabapentin, ba-
clofen, venlafaxine, olanzapine and quetiapine all have been associated
with recreational abuse [6,7]. According to the National Institute on
Drug Abuse, the number of new and current ‘legal’ recreational drug
users is second only to cannabis. In USA in 2012, at least 48 million
people have used medications for non-medical purposes at least once in
a life time and 7 million people actively use psychotherapeutic agents
for non-medical reasons [8].

The use of psychoactive substances has been associated with low-
ered inhibition, and higher risks of unplanned sexual intercourse and
pregnancy. And users of recreational drugs are often young, and of
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Table 1

Summary of pregnancy, fetal and neonatal effects of unconventional recreational drugs.

References

Effects on fetus Effects on the neonates Treatment of neonatal efffects

Effects on pregnancy

Substance

[25, 26, 27, 28, 29,

30]

Phenobarbital for NAS

Neonatal abstinence syndrome (NAS)

(]

Exposure in early pregnancy results in

decreased survival

Higher concentration partitioned into placenta

Cathinone and synthetic

and fetal brain than in maternal blood and brain

A)

cathinone

Exposure in late pregnancy results in

apoptosis of brain cells (A)

[17, 18]

Withdrawal syndrome in newborn

Craniofacial abnormalities (A)

Ocular changes (A)

Eclampsia-like syndrome (H)

Synthetic cannabinoids

[34, 35, 36, 37, 38,

39, 40]

Diazepam, phenobarbital, tincture opium and

clonidine for NAS

Severe congenital defects (H)

Oxidative damage to perkinje cells of

the cerebellum (A)

No effects reported

Tramadol

Atrial and ventricular septal defects (H)

NAS similar to opioid (H)

Minimal partition into breast milk (H)
Withdrawal syndrome in newborn (H)

[45, 46, 47, 48]

Benzodiazepine and morphine for NAS

Spina bifida-like neural tube defect

(A)

No effects reported

Kratom

[53, 54, 55, 56, 57,

58, 59, 60]

Phenobarbital, clonazepam and

NAS (H)

Congenital malformations and neural

tube defects (H)

Extrapyramidal syndrome (H)

Olanzapine and quetiapine

diphenhydramine for extrapyramidal

syndrome

Extrapyramidal syndrome (H)

May increase the risk of gestational diabetes (H)

[64, 65, 66]

Generalized hypotonia (H)

Enlarged heart and ventricular

dysfunction (A)

No effects reported

Ketamine

Apoptosis of areas in the brain and
delayed synaptogenesis (A)

No effects reported

[71]

Increased risk of cleft lip, cleft palate,

syndactyly and polydactyly (H)

No data

Promethazine

A-animal data, H-human data, NAS-Neonatal abstinence syndrome.
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child-bearing age. Treatment Episode Data Set (TEDS) issued by the
Substance Abuse and Mental Health Services Administration (SAMHSA)
shows that as many as 4 in 100 women seeking treatment for substance
abuse are pregnant [9]. Due to the existing perception of minimal harm,
women may continue to use recreational drugs either sporadically or
regularly throughout their pregnancy. This, coupled with the variety of
drugs mentioned earlier, makes abuse of emerging or unconventional
recreational drugs a serious and vastly under-recognized issue in peri-
natal and neonatal medicine. Consequently, this article reviews the
effects of commonly abused unconventional recreational drugs, in-
cluding tramadol, kratom, promethazine, synthetic cathinones, syn-
thetic cannabinoids, ketamine and antipsychotics on the health of the
pregnant woman, and her fetus.

2. Synthetic cannabinoids

Synthetic cannabinoids (SCBs) are a group of synthetic compounds
that have actions that are similar to A9-tetrahydrocannabinol (A9-
THC), the active substance in cannabis. SCBs were first synthesized in
the 1960s as research agents to study the pharmacology of A9-THC.
Since their first synthesis and subsequent marketing in 2004, the
number of SCBs have exceeded 500 compounds [10]. SCBs and their
metabolites exert effects on the cannabinoid receptors type 1 (CB1) and
type 2 (CB2). SCBs are generally more potent than A9-THC because
SCBs actions are purely agonistic on the CB1 and CB2 receptors, while
tetrahydrocannabinol from natural cannabis exerts partial agonist ac-
tions on the CB1 receptor. Moreover, SCBs have higher affinity to CB1
and CB2 receptors than A9-THC [10]. CB1 receptors are found in the
brain and is responsible for psychoactive, visual and auditory effects of
cannabis. And while CB2 are found in lymphoid and immune cells, its
stimulation can increase serotonergic activity in the brain [11]. Sam-
ples of commonly found SCBs compounds are JWH-018, JWH-073,
JWH-250, UR-144, JWH-398, JWH-412, HU-210, AB-CHMINACA and
MAB-CHMINACA, while the street names for the SCBs include Spice,
K2, herbal incense and Bonsai [12,13]. SCBs are usually produced as
plants-based materials, which are applied with the synthetic SCB in
solvent solution. Abuse of SCBs may be done via ingestion, inhalation,
vaping, smoking and snorting. Reported physiological and psychiatric
effects of SCBs include tachycardia, hypertension, bradycardia and
hypotension, drowsiness, lethargy, agitation, hallucination, nausea,
vomiting, hyperemesis and panic attack [11,13-16]. Reported compli-
cations of SCBs abuse include acute kidney injury, myocardial infarc-
tion, psychosis, seizure, hepatotoxicity, rhabdomyolysis, hyperthermia,
excited delirium and serotonin syndrome [10,16]. Regular exposure to
SCB can cause drug tolerance and physical dependence while with-
drawal symptoms include tachycardia, hypertension, irritability, an-
xiety, craving, agitation, mood swing and nightmares [10,11,13].

2.1. Effects on pregnancy and the neonates

2.1.1. Animal data

The data on the perinatal and neonatal effects of SCBs is extremely
sparse. The most pronounced effects on the fetus is seen in mice who
were administered intraperitoneal synthetic cannabinoid CP-55,940 on
gestational day 8. The fetuses were found to have significant cranio-
facial abnormalities, including facial cleft and cleft palate on day 17.
Moreover, a clear dose-response relationship was demonstrated for
ocular changes, ranging from microphthalmia to anophthalmia [17].

2.1.2. Human data

In humans, a few sporadic case reports document the effects of in-
utero exposure to synthetic cannabinoids in pregnancy and in the
newborn. In one case, a 19-year-old women with regular use of SCB
presented at gestational age of 34 weeks with eclampsia-like syndrome
consisting of hypertension, agitation, seizure and proteinuria [18].
Cesarean section was performed due to fetal distress. She developed
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paranoid psychosis and hypokalemia on day 1 after the delivery. In
another case, a pregnant woman smoked an SCB product labelled as
“Bonsai” regularly throughout pregnancy and had smoked the last dose
just before delivery, the patient developed irritability, tremor and jit-
teriness, which were aggravated by light, sound and touch stimuli at 4 h
post-delivery. The baby had an uneventful perinatal course and blood
chemistry, serological results, electrocardiography, echocardiography
and transfontanelle and abdominal ultrasonography were unremark-
able. The symptoms gradually subsided and disappeared entirely on day
10 [18]. A 22-year old, regular abuser of SCB, synthetic cocaine, mar-
ijuana and ecstasy presented at gestational age of 31-week with self-
harming behaviors. The infant had a birth weight of 3,260 g with Ap-
gars of 8 and 9 and no physical abnormality [19].

3. Synthetic cathinones

Khat is a shrub that is native in the Southwestern Arabian Peninsula
and Eastern Africa. Khat chewing for stimulant and euphoric effects
have been a cultural practice in the region for centuries. The principle
active component of Khat is cathinone (B-ketoamphetamine), which has
similar structure and clinical effects to amphetamines [20]. Synthetic
cathinones are a group of synthetic chemical analogs of cathinone. In
2007, a new trend emerged with recreational use of synthetic analogs of
cathinones, with mephedrone (4-methylcathinone), methylone, and
3,4-methylenedioxypyrovalerone (MDPV) as the most commonly found
agents [21,22]. Synthetic cathinones are usually sold as a bath salt or
plant food and labelled as ‘not for human consumption’. Common street
names include Blizzard, Cloud 9, Ivory Wave and Meow or Meow Meow
and can appear as white or beige powders, as crystals or as liquids
dissolved in alcohol [21,22]. Synthetic cathinones can be abused via
ingestion, snorting, ingestion, intravenous injection or even by in-
traocular, rectal or sublingual application [23]. Cathinone exerts its
effects by enhancing the actions of norepinephrine, dopamine and
serotonin through increasing the release and blocking the reuptake of
these transmitters [24]. Synthetic cathinones are usually more potent
than cathinones and cause more pronounced sympathomimetic mani-
festations that include tachycardia, hypertension, confusion, agitation,
hallucination, mydriasis and hyperthermia. Medical and psychiatric
complications that are reported include myocardial infarction, rhab-
domyolysis, paranoid, psychosis, excited delirium, violent behaviors,
seizure, serotonin syndrome and hyponatremia [14,22-24]. Chronic
use of synthetic cathinones may result in tolerance and withdrawal
symptoms can occur which include craving, depression and anxiety
[16,24].

3.1. Effects on pregnancy and the neonate

3.1.1. Animal studies

A pharmacokinetic study done by injecting saline-dissolved cocktail
of the three commonly found synthetic cathinones, mephedrone, me-
thylone and MDPV intraperitoneally into pregnant mice demonstrated
significant amount of all three substances in the placenta and fetal
brain. Moreover, total exposure, as represented by area under the curve
(AUCQ) of all 3 substances were significantly higher in the placenta and
fetal brain than in the maternal plasma and brain [25]. In particular,
fetus exposed to MDPV at 7 days, which corresponded to human fetus in
the 3rd trimester, exhibited significant apoptosis of brain cells in the
piriform cortex, retrosplenial cortex, hippocampus and nucleus ac-
cumbens, as compared to control litters injected with saline. This sug-
gests that exposure to MDPV, even in late pregnancy, may cause sig-
nificant harms to the developing brain of the fetus. Exposure to MDPV
in early pregnancy, on the other hand, is associated with decreased
survival and abnormal behavior in newborns [26]. When pregnant
C57Bl/6J mice were exposed to MDPV subcutaneously at gestational
days 8-14, corresponding to the latter half of first trimester, the MDPV
group had significantly lowered survival rate of the offspring, lower
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maternal care behavior and higher spontaneous locomotion among
pups at post-natal dates 7 and 21. The increased locomotion was in-
terpreted as agitation. The changes in maternal and pup behaviors were
postulated to be dopaminergic effects of MDPV in the brains [27].

3.1.2. Human case reports

A 21-year-old women at 36 weeks gestational age presented with
confusion and agitation. The sudden change in mental status, coupled
with high blood pressure, 160/90 mmHg, and pulse of 130/minute
made intoxication with psychoactive substance a likely differential di-
agnosis. She delivered a stillborn 2,380-g baby via cesarean section.
Maternal and fetal blood and urine showed the presence of synthetic
cathinones 3,4-methylenedioxy-a-pyrrolidinohexanophenone (3,4-
MDPHP) and a-pyrrolidinohexanophenone (a-PHP). There were no
gross fetal abnormalities [28].

Withdrawal syndromes from cathinones have been reported in
newborn infants. A 37-week infant developed irritability, jitteriness,
high pitch cry and hyperreflexia at 20 h post-delivery. Prenatal history
revealed that his mother was a heroin-user on methadone maintenance
therapy but who also smoked 4-methylethcathinone (4-MEC), a syn-
thetic cathinone. Her urine toxicology screen was negative except for
methadone but 4-MEC was detected in the meconium using high per-
formance liquid chromatography—tandem mass spectrometry. Neonatal
abstinence syndrome (NAS) from methadone was ruled out by the
medical team and the infant was diagnosed with NAS due to 4-MEC.
The infant was treated with phenobarbital and the symptoms improved
12 days later [29]. Because cathinone in the form of Khat has extensive
cultural use in many parts of the world, its exposure during pregnancy
has become a significant phenomenon as well. Effects of exposure to
khat during pregnancy included higher chance of elevated blood pres-
sure, pre-eclampsia, loss of appetite, gastric reflux, constipation, breech
presentation, preterm labor, fetal distress, perinatal mortality and
neonatal admission to the ICU [30]. Because cathinone and synthetic
cathinone have similar chemical structures and clinical effects, it should
be anticipated that fetuses exposed to synthetic cathinones may have
clinical findings which approximate that of khat exposure during
pregnancy.

4. Tramadol

Tramadol is a synthetic 4-phenyl-piperidine analogue of codeine. It
exerts its analgesic effects by blocking serotonin reuptake and nor-
epinephrine reuptake in descending neuronal inhibitory pathways,
leading to decreased pain perception. In addition, it is metabolized by
cytochrome P450 2D6 to the M1 metabolite, O-desmethyltramadol,
which shows moderate mu-opioid receptor agonism [31]. In an ex-
tensive post-marketing survey study of Ultram®, tramadol is initially
believed to have very low abuse potential despite its opioid nature.
However, following its extensive use as a prescription pain-killer of
choice, abuse of tramadol has reached epidemic proportions [31,32]. In
certain parts of the world such as in Thailand and Iran, it has become
the ‘legal’ drug of choice among teenagers and young adults and is the
leading cause of overdose-related deaths. In Thailand, tramadol is often
mixed with promethazine cough syrup and ingested as part of a con-
coction known as ‘pro’, from Procodyl’, the trade name of the cough
syrup containing promethazine. Tramadol is given the nick name ‘taxi’
owing to the color of its yellow/green capsules which mimic the colors
of taxis in Thailand.

Because of the mu-agonist activity of its M1 metabolite, toxic
manifestations and withdrawal of tramadol follow that of opioid, with
lesser degree of severity being observed. Different ethnic populations
may have different susceptibilities to the effects of the M1 metabolite.
Cytochrome P450 2D6 exhibits polymorphism, and ultra-rapid meta-
bolizers can have as much as 40% higher serum level of M1 metabolite,
leading to opioid-like toxicity such as depressed mental status, coma
and respiratory depression. Overdose data suggests that these
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symptoms are more likely to occur when tramadol is combined with
other CNS depressants such as benzodiazepines or alcohol. On the other
hand, tramadol's mechanism as a reuptake inhibitor of monoamines
may explain other symptoms of toxicity which include hypertension,
tachycardia, recurrent seizures and features of serotonin syndrome
[31,33].

4.1. Effects of tramadol abuse in pregnancy and neonatal outcomes

4.1.1. Animal data

Pregnant Spraque-Dawlay rats exposed orally to tramadol at 50 mg/
kg/day in on gestation days 10-21 showed significantly more de-
generated purkinje cells and oxidative damage in the cerebellum on
postnatal days 7, 14 and 21 than control animals fed with normal
saline. The timing and dose of tramadol administration in this study
was representative of the timing of neuronal differentiation and sy-
naptic development in the brain and the dose approximates that of the
dose use for recreational purposes [34].

4.1.2. Human data

A well designed population-based study performed on the Swedish
birth registry to assess the teratogenicity of tramadol interviewed
women using structured questionnaires for history of drug use during
pregnancy and found that of the 1,682,846 women who gave birth to
1,797,678 infants during 1997-2003, there were 1775 infants who
were exposed to tramadol during pregnancy. Of these, 96 had con-
genital malformation, 70 of which were severe. The adjusted odds ra-
tios with confidence intervals for congenital malformation, severe
congenital malformation, cardiovascular defect, isolated cardiac septal
defects and pes equinovarus associated with tramadol exposure were
1.30 (1.06-1.69), 1.33 (1.05-1.70), 1.56 (1.04-2.29), 1.78 (1.02-2.90)
and 3.63 (1.66-6.89), respectively. The most common types of cardi-
ovascular defect found were ventricular septal defects and atrial septal
defects [35]. However, it should be kept in mind that this study only
included livebirths. Stillbirths which may have experienced more se-
vere effects of intrauterine exposure to tramadol were not included.

As mentioned earlier, the pharmacologic effects of tramadol closely
approximated that of opioids. This includes the occurrence of with-
drawal symptoms in adults and NAS in children. A report documents
the symptoms experienced by a male infant known to have been ex-
posed to tramadol. Symptoms included tachypnea, tachycardia, hy-
pertonia, signs of tetany upon touching and a light single convulsion.
The infant received diazepam for 7 days and phenobarbital for 13 days,
after which the symptoms subsided. His mother had been using
300 mg/day of tramadol for 4 years. She also tested positive for tra-
madol and its metabolites, O-monodesmethyltramadol, N-mono-
desmethyltramadol and N,O-didesmethyltramadol in her urine on day
2. The infant also had tramadol in his serum on day-of-life 2 and 9 [36].

The second case was a mother who used tramadol 400 mg/day to
treat low back pain and had reduced the dose to 200 mg/day during the
last week before delivery. On day-of-life 2, the infant developed high
pitch cry, trembling and shorten sleep periods [37]. The third case was
an infant whose mother had used 300 mg/day of tramadol for chronic
low back pain and the infant presents with irritability, tachycardia and
vomiting. The fourth case report was of a mother who used 600-800 mg
of tramadol for her shoulder pain and the infant was noted to have
jitteriness and myoclonus on day-of-life 2 [38]. The infants in all of the
above cases required pharmacologic treatments of NAS that ranged
from phenobarbital to tincture of opium to clonidine for a period ran-
ging from 10 to 14 days. The infant in the last case experienced re-
currence of NAS, namely jitteriness, decreased oral feed intakes and
increased stool frequency, after the clonidine was discontinued on day
12. The infant continued on clonidine until the 18th day of life [39].
Exposure to tramadol in breast milk also is of concern for women who
take tramadol for pain control. Breast milk samples of 75 women who
were receiving tramadol 100 mg every 6 h on days 2—4 post caesarean
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section had an estimated exposure dose of 112 pug/kg/day (95% con-
fidence interval 102-122) tramadol and 30 pg/kg/day (95% confidence
interval 28-32) active metabolites. This is approximately 2.88% of the
total dose of maternal exposure [40]. Due to the high likelihood of
withdrawal symptoms in regular users, coupled with its ability to par-
tition into breast milk, pregnant women should refrain from using
tramadol on a continued basis to prevent the occurrence of NAS.
However, because the relative infant dose of tramadol is estimated to be
well below the acceptable limit of 10% and there has been no observed
adverse effects in infants who were exposed to tramadol from the breast
milk, there is no evidence that short-term exposure to tramadol in
breast milk causes significant harm to the infant [40].

5. Kratom

Kratom is a plant native to Southeast Asia. It is widely known to be a
stimulant and used as a reliever of everyday aches and pains and fatigue
for field laborers [41]. Active ingredients in Kratom include mi-
tragynine (60%), 7-hydroxymitragynine (2%), paynantheine, specio-
gynine, and speciophylline. While mitragynine is found in the highest
proportion, 7-hydroxymitragynine is much a more potent compound
[42]. Kratom leaves can be chewed, smoked or brewed as tea [41]. Use
of kratom has gained popularity in North and South America and
Europe. In Thailand, Malaysia, Australia and New Zealand, Kratom is
scheduled as a narcotic agent. In USA, the Drug Enforcement Agency
(DEA), classifies kratom as “drug of concern” [42]. Nevertheless, it can
be bought online or in “head shops” (shops specializing in drug para-
phernalia and recreational drugs) [41]. At low doses, kratom is reported
to have stimulant effects, including increasing the state of alertness,
talkativeness and tachycardia. However, at higher doses, analgesic and
sedative effects dominate via mitragynine and 7-mitragynine effects on
mu- and delta-opioid agonist receptors. Sedative effects are the result of
sympatholytic activity through alpha-2 adrenergic receptor stimulation
[42,43]. Adverse effects from kratom include nausea, loss of appetite,
weight loss, constipation, abdominal pain, insomnia, frequent urina-
tion, hyperpigmentation of cheek, loss of consciousness, seizure and
cholestatic hepatitis [43]. Chronic use leads to tolerance, leading to
constant increases the daily dose and occurrence of withdrawal after
cessation of use. Withdrawal symptoms include myalgia, insomnia, fa-
tigue, chest discomfort, abdominal cramp, diarrhea, labile mood, ag-
gression, irritability and agitation [43,44].

5.1. Animal data and human data on congenital malformation and NAS

Exposure of Spraque-Dawlay rats to Mythragyna speciosa extracts in
low, moderate and high doses during gestational days 8-13 showed
significantly higher incidence of spina bifida-like neural tube defects,
including widening of vertebral arch of cervical, thoracic and lumbar
spinal cord and an increase in the transverse diameter of the brain [45].
However, in humans, neither obstetric complications nor congenital
anomalies have been reported.

There are three published case reports of withdrawal symptoms in
neonates whose mothers used kratom during pregnancy. In a case re-
port from Thailand, a baby whose mother was a chronic kratom abuser
developed hypertonicity and diaphoresis on day-of-life 2. The symp-
toms subsided with supportive care [46]. A 29-year-old woman who
used 18-20 g of kratom powder three times a day to relieve her back
pain symptoms throughout the entire pregnancy had an uneventful
pregnancy and delivery. On day-of-life 5, the infant developed feeding
intolerance, jitteriness, irritability and emesis and was admitted to the
NICU and treated with intravenous morphine with maximal does of
10 mg/kg/hour until abstinenceabated. The patient was then switched
to oral morphine [47]. In another case in the USA, a 1-day old infant
whose mother admitted to using kratom during pregnancy developed
diarrhea and tachypnea and the infant was diagnosed as neonatal
opioid abstinence syndrome by a neonatologist and treated with
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morphine and benzodiazepine [48]. This suggests that based on limited
available case reports, NAS from kratom can be treated with morphine
and benzodiazepine but the long term outcomes of these infants are
uncertain [47,48].

6. Olanzapine and quetiapine

Antipsychotic drugs can be classified into first generation (typical)
antipsychotics and second generation (atypical) antipsychotics. First
generation antipsychotics, such as haloperidol and chlorpromazine,
exert their effects through dopamine D2 receptor inhibition. Second
generation antipsychotics, such as olanzapine, are less potent D2 an-
tagonists and exert their effects through serotonin receptors. The abuse
of second generation antipsychotics, especially quetiapine and olanza-
pine, have gained popularity since the year 2000 [49,50]. The main
subjective effects are sedation and euphoria. Specifically, olanzapine is
also known as “trip terminator”, a medication to treat the “bad trip” or
dysphoria which can occur with the abuse of novel psychoactive sub-
stances [51]. The medication is usually ingested or crushed and snorted
or dissolved and injected intravenously. Street names for quetiapine
include Susie Q, Q ball, Quell or Baby heroine and the street name for
olanzapine is Lillys [49,50]. Adverse effects found after misuse of these
antipsychotics include confusion, agitation, drowsiness, hypotension,
seizure, respiratory depression, cardiac arrhythmias and extra-
pyramidal syndrome [50].

6.1. Effects on pregnancy and newborn

Olanzapine and quetiapine significantly traverse the placenta into
the fetus with passage ratios of 72.1% and 23.8%, respectively [52]. All
data on the effects of exposure to quetiapine during pregnancy are
derived from patients being treated for psychiatric disorders and not
from drug misuse. In 2011, the US FDA issued a warning for extra-
pyramidal or withdrawal symptoms in infants whose mother had used
antipsychotic drug in the third trimester. This was based on 69 cases
reported on the FDA's Adverse Event Warning System since October
2008. Symptoms included agitation, hypertonia, hypotonia, somno-
lence, respiratory distress and feeding disorder [53]. There have been a
few publications reporting treatment of antipsychotic-induced extra-
pyramidal syndrome or withdrawal syndrome in neonates. Non-phar-
macological treatments include adequate rest and sleep with reduced
environmental stimuli. With no improvement, treatment with pheno-
barbital, clonazepam and diphenhydramine could control the symp-
toms successfully [54-56]. Uses of second-generation antipsychotics
during pregnancy have been found to increase the risk of gestational
diabetes mellitus [57,58]. From a systematic review of women who
used olanzapine during pregnancy, 26 congenital malformations were
found with 4 neural tube defects among them. Due to possible con-
founding effects from patients' psychiatric conditions and exposure to
other psychiatric drugs, it remained inconclusive whether the anoma-
lies had resulted from olanzapine [59]. Other prospective studies were
conducted and found no increase in teratogenic risks [53,60].

7. Ketamine

Ketamine is a general anesthetic agent that is a derivative of
phencyclidine. Since the 1990s’, ketamine has become a popular re-
creational drug among partygoers and in nightclubs. The effects desired
by misusers are euphoria and hallucinations. Ketamine is available as
clear, colorless liquids or as a white power. The modes of administra-
tion are mainly by snorting or intravenous injection. Street names for
ketamine include K, K-Hole, Super K and Special K [61,62]. Adverse
effects associated with ketamine abuse are delirium, tachycardia, hy-
pertension, hallucination, respiratory depression, abdominal pain, fre-
quent urination, aseptic cystitis and inflammation in the urinary tract
[62,63]. Chronic use of ketamine causes physical dependence and
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withdrawal symptoms in chronic abusers include irritability, depressed
mood, fatigue and aggressive behavior [61,62].

7.1. Adverse effects in pregnancy in the neonates

Although ketamine has been used widely for induction of anesthesia
in pregnant women, adverse outcomes from in utero ketamine exposure
have mainly been reported in animal studies. The main difference be-
tween ketamine exposure in pregnant women who are administered
ketamine for general anesthesia and those who misuse ketamine is that
latter will have early and multiple exposures to the drug throughout
pregnancy. When Xenopus embryos were treated with ketamine at
stages of 8-21 days (before the gastrula stage to complete neural tube
closure), problems such as enlarged heart and decreased ventricular
shortening fraction, reflecting ventricular dysfunction were noted [64].
In pregnant rats at gestational age 14 days that were administered
ketamine at a sedative dose for 2 h, pups ages 0 and 30 days were noted
to have increased cellular apoptosis and neuronal death in many parts
of the brain. Moreover, there was impaired pre- and post-synaptic
protein expression and delayed synaptogenesis of the prefrontal cortex.
These findings suggest that prenatal exposure to ketamine can result in
impaired fetal neuronal development [65]. There has only been one
confirmed human case report of recreational ketamine exposure exists,
where an infant girl was born at 38 weeks gestation via caesarean
section to a 30-year-old woman who admitted to using ketamine re-
creationally, with last use during the first trimester. The newborn was
born with generalized hypotonia. Neurologic workup including cranial
ultrasound and TORCHES titers were all negative. However, hair ana-
lysis found high levels of ketamine and norketamine, signifying the
exposure happened during last 2-3 months of pregnancy. Hypotonia
ultimately resolved within 21 days of life [66].

8. Promethazine

Promethazine is a phenothiazine compound that has antihistamine,
antiemetic and sedative properties [67,68] and in many circumstances,
is given to pregnant women therapeutically. On the other hand, pro-
methazine is also widely popular as a recreational drug of abuse among
teenagers who either drink the readily available antitussive formula
such as promethazine with codeine or Phenergan” with codeine, as it is
called in the US. In other countries where ready-mixed formulas are not
available, teenagers often mix promethazine cough syrup into a con-
coction comprising of other drugs such as tramadol (see section 4-tra-
madol) [67,69,70]. Intended effects of abuse is euphoria. However,
abusers usually present at the emergency department because of sei-
zures or anticholinergic syndrome, which includes drowsiness, confu-
sion, agitation, hallucination and hypertension [68,70].

8.1. Effects on pregnancy and the neonate

As is the case with ketamine, exposure to promethazine during
pregnancy can be therapeutic. In such instances, exposure is isolated
and often occurs late in the pregnancy. Recreational use and abuse will
lead to early and repeated exposure throughout pregnancy. There are
currently two studies evaluating promethazine for its teratogenic ef-
fects. A population based case-control study from the Hungarian
Case—Control Surveillance of Congenital Abnormalities found that,
among cases with congenital abnormalities, 16% had recreational ex-
posure to promethazine during pregnancy. The control group consisted
of 38,151 overall controls and 834 Down syndrome controls had 15.8%
and 17.0% of mothers who were treated with promethazine during
pregnancy. Adjusted odds ratios with 95% confidence intervals for cleft
lips or cleft palate, and polydactyly or syndactyly were 1.5 (1.1-2.0)
and 1.3 (1.0-1.8) respectively [71]. In another study from Hungary,
outcomes of pregnancy in women who overdosed with promethazine
were evaluated but no increased risk of congenital anomalies were
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found [72].
9. Conclusion

The category of unconventional recreational drug will be a dynamic
and ever-evolving entity. New types of substances will be emerging
through new discoveries and diversion of existing ones. Healthcare
practitioners need to have a high index of suspicion and be acquainted
with epidemiology of recreational drug in their locality and stay abreast
with the times. Recognition of the substance misuse is the crucial ele-
ment in managing cases of pregnant women with substance misuse.
History taking is still the mainstay. Recognition of the toxic syndromes
in the pregnant women and her newborn such as agitated delirium,
intense sympathomimetic and serotonin syndrome or the presence of
neonatal abstinence syndrome are keys to detecting drug use during
pregnancy. In many circumstances, laboratory analysis of the biological
sample is another aid to confirm the diagnosis. Unfortunately, the la-
boratory tests are usually not available and turn-around time is too long
to support clinical judgment. Therefore, clinical decisions need to rely
mainly on clinical clues form history and physical examination.

10. Practical points

e Misusers of new psychoactive drugs usually present with syndrome
similar to classical toxic syndromes, such as sympathomimetic, ex-
cite delirium and serotonin syndrome. However, the manifestations
tend to be much more intense than those from conventional re-
creational drugs.
Neonatal abstinence syndrome may have specific manifestation such
as jitteriness, irritability and high-pitched crying; or be non-specific,
such as tachycardia, tachypnea and poor feeding. Therefore, high
index of suspicion is always warranted.
® Benzodiazepine and phenobarbital are usually safe and effective in
treating neonatal abstinence syndrome from unconventional re-
creational drugs except for kratom, where morphine could be an
option.

10.1. Research directions

e Trends of unconventional recreational drug abuse should be closely
monitored.

e Physicians should be encouraged to report maternal, fetal and
neonatal outcomes in women who abuse unconventional drug
during pregnancy.

e A registry for pregnancy outcomes of women who abuse un-
conventional recreational drugs should be developed as a platform
to exchange and harmonize the information on this evolving entity.
In addition, the registry can yield the prevalence of problems and
cohorts to study long-term effects of unconventional recreational
drugs.
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