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Abstract

Neonatal abstinence syndrome (NAS) which is observed in 55-94% of the newborns from opioids-taking mothers produces
deleterious neurological symptoms. Various pharmacological therapies have been investigated in neonates with NAS. This article
reviews all studies on NAS treatment to analyze the duration of treatment, length of hospitalization and possible drug adverse
effects. The search was limited to the randomized clinical trials which examined the treatments of neonates with NAS. Scientific
databases including PubMed, Cochrane Library, ISI Web of Science, Embase and Scopus were systematically searched.
Retrieved articles were reviewed by two researchers and evaluated using the JADAD scoring system. Finally, the treatment
duration, hospitalization length and drug side-effects were extracted. Methadone, buprenorphine and clonidine were found more
effective than morphine. Diluted tincture of opium (DTO) in combination with phenobarbital or clonidine was significantly more
effective than DTO alone. Clonidine was a significantly better adjunctive therapy than phenobarbital in reducing morphine
treatment days. No significant difference was observed between morphine and DTO effectiveness. Deciding the optimal regimen
to manage symptomatic NAS, as a single or an adjunct therapy is not possible based on the literature, due to the low quality, small
size and short-term treatment considered in the published studies.
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Highlights

* Although Neonatal abstinence syndrome (NAS) produces deleterious
neurological symptoms with considerable emotional and economic bur-
den to the society, no definite approach has been suggested for its treat-
ment.

* The effectiveness of methadone, buprenorphine and clonidine was
found to be superior to that of morphine in the treatment of NAS.

* Diluted tincture of opium (DTO) in combination with either phenobar-
bital or clonidine was significantly more effective than administered
alone.

* There were conflicting findings regarding the comparative effectiveness
of phenobarbital versus morphine to treat NAS.

* Clonidine was significantly better than phenobarbital as adjunctive ther-
apy in reducing morphine treatment days in NAS.

* No significant difference was observed between morphine and DTO
effectiveness.
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Introduction

The prevalence of nonmedical use of opioids is increasing. In
the US, it is estimated that nearly 1% of the pregnant women
actually use opioids during pregnancy [1]. Neonatal abstinence
syndrome (NAS) is defined as “sudden discontinuation of fetal
exposure to chemicals/drugs used/abused by the mother during
pregnancy”. This syndrome is observed in 55-94% of infants
born from opioid-dependent mothers [2]. Infants with NAS
may present deleterious and even life-threatening features in-
cluding neurological hyperexcitability (insomnia, irritability,
hypertonia, hyperreflexia, tremors, and seizures), gastrointesti-
nal symptoms (vomiting, diarrhea, and feeding disturbances)
and sympathetic/parasympathetic deregulation (sweating, fever,
tachypnea, and congestion) [2]. The time of NAS symptom
onset is variable ranging from hours to 8 days post-delivery
[3]- NAS is also associated with costly hospitalizations [4].
The majority of symptomatic newborns require pharmaco-
logical support for safe opioid weaning [3]. Nevertheless, no
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single drug has been evidenced as the most appropriate ther-
apy to treat NAS. Although the American Academy of
Pediatrics (AAP) has indicated opioids as first-line treatment
of NAS, their use remains controversial in the neonate [1].
Alternative therapies include sedative drugs and/or centrally
acting «2-agonists such as clonidine. The present article re-
views all major studies published in the medical literature on
NAS treatment aiming to analyze the duration of treatment,
the length of hospitalization and the possible drug adverse
effects.

Methods
Search strategy

The search was limited to the randomized clinical trials which
examined the treatments of neonates with NAS. Scientific
databases including PubMed, Cochrane Library, ISI Web of
Science, Embase and Scopus were systematically searched for
articles published until 29 August 2018, using combinations
of the following keywords: (“Neonatal Abstinence
Syndrome” OR “Neonatal Withdrawal Syndrome” OR
“Neonatal Passive Addiction” OR “Opioid” OR “Opiates”
OR “Heroin” OR “Hydromorphone” OR “oxycodone” OR
“Opium” OR “Methadone” OR “Morphine” OR
“Tramadol”) AND (“Management” OR “Therapy” OR
“Therapeutics” OR “Treatment” OR “Detoxification). The
reference lists of the retrieved publications were thoroughly
checked to complete the search.

Inclusion/exclusion criteria

Randomized Clinical trials that investigated the drug effects
on NAS were included in this systematic review. There was no
limitation for the control group. Duplicate and non-English
articles were excluded.

Data extraction

The articles were reviewed by two researchers. First, related
articles were identified based on the title and abstract. Then,
full-text articles were downloaded and evaluated independent-
ly by two researchers. The references cited in the retrieved
articles as well as the review articles published in this field
were reviewed to find relevant studies.

Outcome measures
Outcome measures were the “type of treatment”, “dura-

tion of treatment”, “length of hospitalization” and “drug
side-effects”.

@ Springer

Quality assessment

To evaluate the quality of the trials, the Jadad scale which
examines three important items [5] namely, randomization
(description and adjustment), blinding (description and adjust-
ment), report of withdrawals and the cause of loss to follow
up, was used. Total score of Jadad ranges from 3 to 5 points. In
the present work, two reviewers independently assessed the
articles and calculated Jadad score. Any disagreements were
resolved via consensus or by consulting with a third party.
Intention-to-treat analysis was also reviewed and reported.

Data analysis

Due to the heterogeneity of the studies, it was not possible to
perform meta-analysis and retrieved data were reported using
a qualitative approach.

Results

We identified 1961 publications in our preliminary search.
After excluding duplicate studies, 1011 articles remained. Of
them, 963 articles were excluded based on the title and ab-
stract and finally 48 full texts were reviewed. Here, 13 original
articles were included in the final review. The PRISMA flow
chart of this systematic review is presented in Fig. 1. The
quality assessment of these articles is presented in Table 1.
Their characteristics including the author’s name, time of
study, design (with details), type of opioid exposure in utero,
the intervention and control groups, assessment tool of NAS

Articles identified through
Databases searching
(n=1961)
Pubmed: 311
Web of Science: 555
Embase: 265
Scopus: 722
Cochran: 108

Articles after the removing duplicate
(n=1011) >

Articles excluded after reading title
and abstract
(n =963)

A4

Full-text articles excluded, with
following reasons (n =35)
Non-pharmacological studies (n=25)
Observational pharmacological

studies (n=7)
Non ranomized (n=1)
No fulltext (n=2)

Full-text articles assessed
in detail >
(n =48)

Trials included in systematic
review
(n=13)

Fig. 1 Process of selecting trials included in the present systematic
review
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severity and the study primary outcome of are shown in
Table 2.

Methadone vs. morphine

Treatment with methadone was associated with 14% reduc-
tion in the mean number of hospitalization days (p =0.046)
and 16% reduction in the length of treatment (p =0.02) in
comparison to morphine [6]. In another study, methadone-
compared to morphine-treated newborns had significantly
shorter duration of treatment (p = 0.008) [9].

Phenobarbital vs. morphine

No significant differences between oral phenobarbital and
morphine were reported in one study regarding the treatment
duration (p =0.9) and hospital length of stay (p=0.7) [8].
Conversely, shorter treatment duration following oral mor-
phine versus phenobarbital (p = 0.02) was reported in a second
study [15]. Interestingly, in both studies, no significant differ-
ences in terms of need for adjuvant therapy were observed
between the two groups.

Morphine vs. diluted tincture of opium (DTO)

No significant differences in the treatment duration and hos-
pitalization length were reported between the newborns treat-
ed with DTO vs. morphine [13].

Buprenorphine vs. morphine

The outcomes of buprenorphine vs. morphine were compared
showing significantly shorter length of treatment (p <0.001)
and hospital stay (p<0.001) in the buprenorphine-treated
newborns [7]. Moreover, 15% versus 23% of the newborns
in the buprenorphine and morphine groups required supple-
mental phenobarbital, respectively; nonetheless, this differ-
ence was not significant (p = 0.36). In another study compar-
ing the same treatments, the durations of treatment (p =0.01)
and hospital stay 1 (p = 0.05) were significantly shorter in the
buprenorphine vs. the morphine group [11]. Besides, 25% vs.
8.3% of the newborns in the buprenorphine and morphine
groups required phenobarbital, respectively. No statistical
comparisons between the groups were performed.

Buprenorphine vs. opium solution
Sublingual buprenorphine and DTO treatment did not result in

significantly different effects on the length of treatment (p =
0.077) and hospital stay (p =0.068) [12].
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Clonidine vs. morphine

The duration of treatment (p = 0.02) and post-discharge treat-
ment (p=0.005) significantly decreased in the clonidine-
compared to the morphine-treated newborns; nevertheless,
the length of hospital stay did not vary significantly between
the groups [1].

Clonidine /morphine vs. phenobarbital/morphine

Clonidine was compared with phenobarbital when co-
administered as adjuvant therapy along with morphine to re-
duce NAS treatment days [10]. Significantly longer duration
of treatment (p =0.037) was observed in the clonidine
(18.2 days) compared to phenobarbital group (13.6 days).

Clonidine/ DTO vs. placebo/DTO

NAS newborns orally received DTO before being randomized
to two groups to receive clonidine vs. placebo as adjuvant
therapy. In the clonidine group, the median duration of treat-
ment was reduced by 27% compared to the placebo group
(p =0.02). Importantly, 12.5% of treatment failure was seen
in the placebo group while no treatment failure was observed
in the clonidine group (p =0.05) [2].

DTO vs. DTO/phenobarbital

About 48% decrease in the length of hospital stay (p <0.001)
was reported with DTO/phenobarbital as compared to DTO
alone to treat NAS [16]. Additionally, DTO/phenobarbital-
treated newborns spent less time presenting severe withdrawal
(p < 0.04). In another study, treatment with DTO alone signif-
icantly improved orientation and resulted in smoother move-
ments in comparison to DTO/phenobarbital treatment
(p <0.05) [14]. The newborns were significantly more inter-
active. Additionally, length of hospital stay was significantly
shorter in the DTO/phenobarbital-treated newborns compared
to those who received DTO alone (p <0.01).

With respect to the serious adverse effects observed follow-
ing administration of the above-noted treatments, methadone
could induce apnea, lethargy and hypothermia [6]; morphine
could induce inguinal hernia [7]; buprenorphine caused
supraglottoplasty, reflux/poor feeding (probably not related)
[11], and generalized seizures [12]; and clonidine/DTO in-
duced supraventricular tachycardia (SVT). Furthermore, three
clonidine/DTO-treated infants died within 2 months after be-
ing discharged from the hospital. Deaths were reported to be
due to myocarditis, sudden infant death syndrome (SIDS), and
methadone overdose; nevertheless, according to the FDA,
deaths were not likely caused by clonidine [12].
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Primary outcome Results

Drop out Assessment tool
(%) (Int.

Control

Intervention

Type of Opioid
exposure in uterus

No. of
patients

Study design

Table 2 (continued)

Author, year

@ Springer

/Cont.)

(Int. /Cont.)

group Vs. control [38 d vs.

Shorter duration in Int.
79d (P<0.001)]

hospitalization

duration of

Phenobarbital/
DTO

partially randomized,
clinical trial

LOS length of stay, Int. Intervention, Cont. Control, vs. versus, d day, DTO Diluted tincture of opium

*DTO: 0.4 mg/mL morphine

Non-serious adverse reactions of treatments used against
NAS reported by the clinical trials discussed in this systematic
review, are shown in Table 3.

Discussion

In 2005, an estimate of 250,000-300,000 females were report-
ed to be intravenous drug abusers in the US and 75-90% of
these abusers were of child bearing ages [14]. It was also
estimated that almost 1% of the pregnant women take opioids
[1]. Interestingly, fetal exposure to methadone during preg-
nancy poses a 60-80% risk of NAS development [14].
However, despite the increasing number of NAS in neonates,
no optimal therapeutic approach has been established.

NAS pathophysiology is complex. The mesolimbic dopa-
minergic pathway is crucially involved in the development of
physical dependency to opioids. In this regard, it was shown
that in morphine abstinence syndrome, decrease in serotonin
and mesolimbic dopamine lead to continued physical symp-
toms [17]. Following fetal exposure to opioids, the inhibitory
effect of opioids on the noradrenergic neuronal pathways is
suddenly abolished at birth, thus augmenting the noradrener-
gic activities [1].

In the present review article, we found that the efficacy of
methadone, buprenorphine and clonidine for NAS treatment
was higher than that of morphine. Also, a combination of
diluted tincture of opium (DTO) and phenobarbital or cloni-
dine was significantly more effective than DTO alone.
Clonidine was a significantly better adjunctive therapy than
phenobarbital in reducing morphine treatment days.
Nevertheless, no significant difference was observed between
morphine and DTO effectiveness.

Opioid use to treat NAS remains controversial, although
recommended as first-line agents by the AAP due to their
ability to rapidly control withdrawal symptoms [15]. The ef-
fectiveness of four different opioids namely buprenorphine,
methadone, morphine and DTO as well as clonidine and phe-
nobarbital, used in trials investigating NAS treatment has been
discussed in our study.

Buprenorphine is a partial opioid receptor agonist respon-
sible for ceiling effects. High affinity and slow dissociation
from opioid-receptors enable buprenorphine to block the ef-
fects of other opioids taken after buprenorphine, characteris-
tics that may explain its higher effectiveness in NAS as com-
pared to short-acting opioids [7, 18]. The bioavailability of
buprenorphine is around 48 and 31% following intranasal
and sublingual administrations, respectively. Its oral bioavail-
ability is very low [19]. Observed half-time ranges from 2.2 h
following IV administration to 37 h following sublingual ad-
ministration [20]. Its partial effects on opioid receptors causes
less respiratory depression, sedation, withdrawal syndrome,
and arrhythmia compared to methadone [21]. However,
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Table 3 The side-effects of the
drugs reported in the articles of Drug Adverse effects Ref  Drug Adverse effects Ref
this systematic review
Methadone Shallow breathing [6] Buprenorphine Anemia [7]
Bradycardia Skin condition
Oxygen desaturation Gastro-intestinal condition
Lethargy Cough
Poor feeding Tachycardia
Hypothermia Umbilical granuloma
Emesis CMV infection* [11]
Morphine Shallow breathing [6] Aminoaciduria*
Bradycardia Clavicle fracture*
Oxygen desaturation Elevated transaminases *
Lethargy mild fungal paronychia * [11]
Poor feeding [12]
Hypothermia Phenobarbital poor feeding [10]
Emesis mild respiratory depression
Clonidine/DTO -

Skin condition
Gastro-intestinal condition
Respiratory infection

Urinary tract infection

(7]

Opium solution
DTO

Oral thrush*
conjunctivitis*®

reflux*

*probably unrelated in to intervention; Ref, Reference number; CMV, Cytomegalovirus; DTO, Tincture of opium

buprenorphine side-effects include hyperthermia, tachycardia,
blood pressure increment [18], constipation, headache, nau-
sea, urinary retention, and sedation [22]; rarely, it may induce
idiosyncratic hepatotoxic reactions [23]. Similarly to
buprenorphine, treatment of NAS with methadone reduced
the mean number of hospitalization and treatment days in
comparison to morphine. Methadone is a fat-soluble opioid
rapidly absorbed by oral route. Methadone binds and activates
the opioid receptors leading to analgesia, euphoria, constipa-
tion, sedation, respiratory depression, nausea, and miosis.
Methadone oral bioavailability differs widely among patients
with different genetic background; however, its average oral
bioavailability is approximately 60-70%, nearly two times
higher than that of buprenorphine. The half-life of methadone
ranges from 15 to 55 h [24]. Besides constipation, respiratory
depression, nausea, miosis, and impaired judgment, heart fail-
ure, and cardiac arrhythmias [21] have been reported as rare
side-effects of long-term methadone administration.

Morphine is a full opioid receptor agonist. It also binds
and inhibits GABA inhibitory interneurons. Morphine pre-
sents a variety of effects such as analgesia, anxiolysis,
euphoria, sedation, constipation, nausea, vomiting, respira-
tory depression, and gastrointestinal system smooth muscle
contraction [25, 26].

Hyperalgesia [27] and rhabdomyolysis-induced acute renal
failure [28] were rarely reported after morphine administra-
tion, especially following high-dose opioid therapy. The bio-
availability of morphine is approximately 30% and it has a
half-life of about 2—4 h [26].

There has been a growing tendency towards the adminis-
tration of non-opioid drugs due to the concerns of potential
deleterious consequences of prolonged opioid exposure in the
newborns who are in the early stages of their brain develop-
ment [1]. Clonidine and phenobarbital have been regularly
used as adjunct drugs. Phenobarbital, which causes sedation
by activation of gamma-amino butyric acid (GABA) receptors
in the central nervous system, has been used to treat NAS due
to the frequent combination of benzodiazepine and opioid
abuse [22]. Phenobarbital binds GABA-receptors and in-
creases synaptic inhibition resulting in elevation of seizure
threshold. Phenobarbital also inhibits calcium channels and
reduces the excitatory neurotransmitter release. The sedative
and hypnotic effects of phenobarbital are attributed to calcium
channel inhibition in the midbrain [29]. The side-effects of
phenobarbital include incoordination, impaired balance, and
drowsiness. The bioavailability of phenobarbital is approxi-
mately 95% [30] and its half-life decreases by increasing age
as it has a half-life of 79 h in adults but 110 h in children [31].

@ Springer
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Similarly, clonidine was shown to be a satisfactory alternative
for morphine. Clonidine is a «2-adrenergic agent which sup-
presses noradrenergic activity and alleviates opiate withdrawal
signs and symptoms. In this context, stimulation of o2-receptors
by clonidine inhibits the secretion of noradrenaline leading to
reduction in sympathetic tone, blood pressure and heart rate
[32]. The bioavailability of clonidine is 75-95% and 60-70%
for oral and transdermal administration, respectively [33]. The
half-life is around 6-20 h in subjects with normal renal function.
However, in those with impaired renal function the elimination
half-time increases to 1841 h. The elimination half-life is also
dose-dependent and increases at higher doses [32]. Both hypo-
and hypertension, bradycardia, hypothermia, arrhythmia, coma,
and death were reported following clonidine abuse [34]. Long-
term exposure to opioids increases opioid receptors in the locus
coeruleus which includes groups of noradrenergic cells. Opioid
exposure inhibits adenylate cyclase activity which reduces cy-
clic adenosine monophosphate concentration. This reduction
augments the potassium efflux in parallel with reductions in
calcium influx, both inhibiting brain noradrenergic activities
[1]. Clonidine is able to suppress the increase in noradrenergic
activity when opioid exposure is terminated [1]. Although the
co-administration of clonidine with opioids to NAS newborns
decreases the duration of therapy, concerns with postnatal expo-
sure to opioids remain [1].

Drug combination was also highly suggested to improve the
results in NAS newborn, due to their multiple drug exposure in
utero. The active ingredient of DTO is morphine, with 1 mg
DTO containing 0.04 mg morphine [35]. Addition of phenobar-
bital to DTO resulted in shorter hospital stay and therefore de-
creased hospital charges per patient, compared to DTO alone
[23]. In comparison to the newborns treated with only DTO,
those treated with the two agents showed more marked improve-
ments, higher levels of movements and less anxiety during the
first three weeks after delivery. Though both groups improved
over time, newborns getting the two-drug treatment more rapidly
exhibited improvement in their neurobehavioral conditions [14].

NAS newborns frequently require dose increase to reach
the control of their symptoms [9]. Therefore, evaluation of
drug exposure in pregnancy based on the individual charac-
teristics is mandatory to optimize drug response in NAS.
Considering the side-effects of the conventional approaches
used to treat NAS, future researches should be oriented on the
assessment of new pharmacological therapies.

Our analysis clearly showed that studies investigating the
pharmacological management of NAS have been performed
on small sample sizes with single-center designs, thus limiting
their power and external validity. Almost all included studies
had not reported intention-to-treatment analysis. Additionally,
some studies did not exclude preterm neonates and/or were
based on rather low-quality methods.

In conclusion, it is difficult to acknowledge which therapy
is optimal to treat NAS newborns based on the available

@ Springer

literature. High-quality studies with large sample sizes are
urgently required to improve the management of these neo-
nates and limit further morbidities.
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