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Introduction

In recent years there has been a shift from abuse of classical opioids such
as heroin, morphine and methadone to abuse of prescription opioids such
as hydrocodone, hydromorphone and oxycodone. This shift is in line with
the significant increase in the prescription of opioids in the U.S. during the
last ten years [1]. In 2011, there were 238 million prescriptions for opioids
filled by U.S. pharmacies compared to 174 million in 2000. This surge in
prescription rates has been associated with even more important increases in
opioid abuse and associated fatalities. One of the most interesting findings
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was related to the dramatic rise in hydromorphone
use for several pain-related conditions that are often
evaluated in emergency departments across the
nation. Hydromorphone is a very potent mu-opioid
receptor agonist with significant euphoric effects
and relatively few adverse effects, which increases
its potential for abuse.
This might have profound implications as shortterm pain control may be achieved in the emergency
department, but increased opioid use could contribute
to later dependence. The concern over future
dependence comes from the “likeability” of the
experience where a very pleasant feeling is coupled
with the analgesic effect. This may be potentiated
by favorable pharmacologic properties, such as
onset of action, and fewer adverse effects, such as
flushing or vomiting. Studies suggest oxycodone
has the greatest “likeability” and abuse potential,
followed by hydrocodone and hydromorphone. This
shift from classical opioids to prescription opioids
is also reflected in the increased frequency of use
of these medications during pregnancy and as an
ultimate consequence we encounter more and more
newborn infants with neonatal abstinence syndrome
(NAS) caused by oxycodone, hydrocodone and
hydromorphone [2].
Neonatal abstinence syndrome (NAS)

NAS is the result of fetal exposure to illicit or
prescription drugs taken by the mother prenatally.
Neonatal withdrawal symptoms have been noted
following antenatal exposure to a number of drugs
such as opioids, benzodiazepines, and selective
serotonin reuptake inhibitors. A recent survey in the
United States of America showed that around 16%
of teenagers and 7% of women between the ages of
18 and 25 use illicit drugs during their pregnancies.
NAS is a complex of symptoms, caused by acute
withdrawal of the illicit drug(s) used by their
mothers during pregnancy, seen in neonates hours
or days after being born. NAS is primarily linked
with use of morphine-like substances during
pregnancy. However, other drugs have also been
linked with this syndrome. Characteristic signs of
NAS are diverse and consist of increased irritability,
hypertonia, tremors, feeding intolerance, vomiting,
watery stools, fever, tachypnea, and seizures.
Symptoms of this syndrome have been seen in 6080% of neonates who were exposed to morphinelike substances such as heroin or methadone during
their stay in utero. In addition to the more familiar
reason of developing NAS as outlined above, many
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newborn infants develop NAS during their stay
in the neonatal intensive care unit (NICU) due to
prolonged exposure to opioids prescribed to them to
manage pain and stress [3].
Treatment of opioid dependence during
pregnancy: challenges and opportunities

Decreased fetal growth, increased fetal
mortality, and an increased risk of HIV infection
are just a few of the major public health issues
caused by prenatal exposure to opioids [4]. In an
attempt to improve the fetal and neonatal outcome
of opioid addicted pregnant women methadone or
buprenorphine are prescribed [5]. At this moment
methadone, a full mu-opioid agonist, is still the
first choice treatment for opioid dependence
during pregnancy. However, as an alternative
buprenorphine, a partial mu-opioid agonist, is
increasingly being used in this situation. Both drugs
cross the placenta but there is currently still very
little knowledge available concerning the clinical
pharmacology of methadone and buprenorphine in
the opioid addicted pregnant woman. Issues such
as how much of both drugs reach the fetus, what is
the relation between fetal serum concentrations and
the development of neonatal abstinence syndrome
(NAS), what is the relation between concentrations
of these drugs in the mother and in the fetus or the
neonate immediately after delivery are just a few
examples of questions that need to be investigated to
further improve the treatment and outcome of both
the mother and her infant. There is sufficient data to
support that methadone-assisted treatment during
pregnancy results in better outcomes for pregnant
women, fetuses and newborns as compared to use of
heroin or other illicit opioids. Moreover, very recent
data not only confirms the effectiveness of the use
of methadone in opioid addicted pregnant women
but nicely shows that the use of buprenorphine is
associated with clinically relevant less severe NAS
in the offspring of these women as compared to the
women who were treated with methadone [6]. The
infants of the mothers who were prenatally exposed
to buprenorphine needed not only a reduced
amount of morphine to treat the symptoms of their
withdrawal but also during a shorter time frame and
as a consequence they could be discharged sooner
as compared to the infants of mothers treated with
methadone. The reasons behind this clinically and
economically important difference between using
methadone versus buprenorphine in pregnant
opioid addicted women still need to be elucidated.
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Genetic differences in drug handling might be of
importance but as outlined earlier many questions
persist concerning the clinical pharmacology of
these frequently used medications in this patient
population. Scientific answers to these questions
might help us in finding a more tailored approach to
the pharmacological management of these women
and their fetuses.
Why has there not been a complete switch from
the use of methadone to buprenorphine in the opioidaddicted pregnant population? The reason behind
this reluctance of solely prescribing buprenorphine
has to do with the fact that in the pivotal study
comparing methadone and buprenorphine the
women who were prescribed buprenorphine
were more likely to drop out of the study. There
was clearly less satisfaction in the pregnant
women exposed to buprenorphine as exposed to
methadone and this may be caused by the fact that
buprenorphine is a partial mu-opioid agonist and
increasing the dose clearly will not result in more
effect. For health care providers and caregivers this
finding is potentially worrisome because of the fact
that if the pregnant woman needs more opioids and
increasing the dose buprenorphine will not give
her more relief, these women will start searching
for other means to fulfill their opioid needs.
Clearly this will result in decreased compliance
with buprenorphine and will put these women and
their fetuses at an increased risk of being in a less
controlled situation. As a consequence, the fact
that methadone was more liked in this comparative
investigation underscores the importance of
continuing to prescribe methadone in women who
are having opioid dependency and who are not
reaching a stable and satisfactory situation with the
use of buprenorphine.
At this moment it is very clear that there is an urgent
need to understand better the clinical pharmacology
of both methadone and buprenorphine that will
incorporate pharmacokinetics, pharmacodynamics
and pharmacogenetics in order to study factors
that will allow us to decipher different subsets
of pregnant women [7]. Some of these subsets
might be perfectly treatable with buprenorphine
whereas other subsets will need methadone to
reach a satisfactory situation for both pregnant
woman and their fetus. Until that moment health
care providers have to tailor their treatment based
on their experience in treating opioid-addicted
pregnant women with the ultimate goal to reach
optimal adherence to the treatment to assure the
best outcomes for mother and child.

NAS: a never ending story!
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Treatment of neonatal abstinence syndrome:
challenges and opportunities

In general there are two ways for a neonate to
develop opioid withdrawal symptoms. The first
one is related to exposure to opioids in utero and
as outlined earlier these opioids may be illicit
drugs such as heroin, prescription opioids such as
oxycodone, hydrocodone and hydromorphone,
or opioids used to treat opioid addiction during
pregnancy such as methadone and buprenorphine.
The second is related to prolonged exposure to
opioids such as fentanyl or morphine to treat painful
and/or stressful situations during their stay in the
neonatal intensive care unit (NICU). Irrespective
of the ways the neonate develops NAS there are
two pharmacological treatment strategies that are
routinely used for NAS. One of these is opioid
substitution with methadone or buprenorphine and
the other one is opioid replacement with morphine,
methadone or buprenorphine combined, if needed,
with drugs such as phenobarbital, clonidine or more
recently dexmedetomidine [8].
The major challenges we are currently faced
with in the area of treatment of NAS are the lack
of a validated abstinence scoring system for
neonates who develop NAS after being treated
with opioids during their stay in the NICU, lack of
effectiveness of the use of phenobarbital despite its
use for several decades, questions about how to use
alpha-2-adrenergist agonists such as clonidine and
dexmedetomidine, and which of these agonists to
use in what kind of circumstance. These are just
a few of the challenges we are confronted with.
Surely, in addition, there are questions about the
use of buprenorphine versus methadone in NAS
that are clearly echoing the same questions that are
asked and investigated in opioid addicted pregnant
women.
In NAS, the use of buprenorphine has been
explored in two open label, placebo controlled trials
indicating that the use of buprenorphine results
in less morphine use to treat NAS and also less
duration of treatment resulting in earlier discharge
home. This might indicate that buprenorphine might
become the first line of treatment for these neonates
in the near future. However, we need to assure that
long term follow-up will be performed in an attempt
to see if these short term advantages do not come
with long term unwanted health issues.
The use of phenobarbital for decades has not
resulted in a definite answer about its effectiveness
in NAS. There are specific clinical pharmacology
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issues concerning phenobarbital that warrant
attention. A rapid change in its disposition (i.e.,
rapidly changing clearance of phenobarbital due to
developmental changes) is one of these, whereas
the induction by phenobarbital of several liver and
intestinal enzyme systems will result in significant
increases in the clearance of other drugs.
Finally, the emergent use of alpha-2-adrenergic
agonists such as clonidine and dexmedetomidine
as part of combination therapy for mitigating the
symptoms of opioid withdrawal has resulted in the
design and conduct of several studies to find the
right use, right dose and right duration of treatment
of these medications. At this moment there is more
clinical experience with clonidine for use in NAS
but several studies with dexmedetomidine are
currently designed to see if a more pure alpha-2agonist might be an even better choice.
To summarize it has become clear that there
is a shift from the use of heroin, morphine and
methadone to the use of prescription opioids
hydrocodone, hydromorphone and oxycodone
and in many parts of the USA this has become a
real epidemic. A very recent perspective in the
New England Journal of Medicine (Sept 12, 2013)
links this to “abusive prescribing of controlled
substances” [9]. As a consequence opioid addiction
during pregnancy not only has increased but it also
has shifted to these prescription opioids. Treatment
of opioid addiction in pregnant women has as goal
to move away from illicit or prescription opioid use
during pregnancy to the use of much longer acting
drugs such as methadone or buprenorphine to assure
a more controlled situation resulting in a significant
better outcome for mother and child. For the neonate
treatment primarily consists of replacing opioids to
treat NAS followed by a treatment plan tailored to

4/4

the individual newborn to assure the best possible
short and long term developmental outcome for
these vulnerable infants.
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