
N E O N A T A L  N E T W O R K
1 7 8  ©  2 0 1 2  S p r i n g e r  P u b l i s h i n g  C o m p a n y  M A Y / J U N E  2 0 1 2 ,  V O L .  3 1 ,  N O .  3
 h t t p : / / d x . d o i . o r g / 1 0 . 1 8 9 1 / 0 7 3 0 - 0 8 3 2 . 3 1 . 3 . 1 7 8

Accepted for publication November 2011.

NeoNAtes mAy be exposed 

 to va r ious lega l and 
il l icit substances during gesta-
tion, including cigarettes, alcohol, 
narcotics, benzodiazepines, anti-
depressants, and stimulants. many 
of these  substances can result in 
varying degrees of drug withdrawal 
after delivery. polysubstance use can 
complicate the clinical evaluation of 
a newborn both in terms of assess-
ment of withdrawal and treatment of symptoms. For the 
purpose of this column, the focus is on those infants with 
in utero narcotic exposure. the primary circumstances under 
which pregnant women use narcotics are illicit drug abuse, 
prescribed narcotic maintenance as treatment for abuse, and 
treatment of chronic pain conditions.

Fifty-five percent to 94 percent of neonates with in utero 
narcotic exposure will develop neonatal abstinence syndrome 
(NAs).1 Neonatal abstinence syndrome is characterized by 
respiratory, gastrointestinal, central nervous system, and 
autonomic symptoms.2 In a national survey in the United 
Kingdom and Ireland, researchers found that the majority 
of clinicians in neonatal units prescribed morphine sulfate 
as the first-line agent for both opiate (92 percent) and poly-
substance (69 percent) withdrawal in neonates.3 similar 
results were found in an earlier survey of chiefs of neonatology 
in the United states; tincture of opium or morphine sulfate 
were most commonly used for management of both opioid 
(63 percent) and polysubstance (52 percent) use withdrawal 
in neonates.4 Recently, there has been interest in buprenor-
phine as an alternative to morphine sulfate or other drugs to 
manage NAs. this column will describe buprenorphine and 
explore the research literature on the use of buprenorphine 
for NAs.

BUPRENORPHINE
buprenorphine is a narcotic analgesic and opioid partial 

agonist (see sidebar, “opioid pharmacology basics”). the 
U.s. Food and drug Administration (FdA) has approved 
two sublingual formulations for treatment of opioid 
addiction in adults: subutex buprenorphine monother-
apy and suboxone buprenorphine/naloxone combination 
therapy.5,6 As an opioid partial agonist, buprenorphine 
produces the typical narcotic effects, such as euphoria 
and respiratory depression, but the maximal effects are 
less than those of heroin or methadone. At low doses, 
buprenorphine facil itates cessation of opioid misuse 
without causing withdrawal symptoms.6 buprenorphine is 
metabolized in the liver into norbuprenorphine and other 
metabolites. the half-life of buprenorphine in adults is 24 
to 60 hours.6

the safety and eff icacy of  
i njec t able  buprenor ph ine 
(buprenex) has been established 
for the management of pain in 
children aged 2 to 12 years.5 
there is a single report of 
pharmacokinetic parameters 
for buprenorphine in prema-
ture infants requiring opioid 
analgesia.8

Review of the Literature
because of the relative novelty of buprenorphine as a treat-

ment for NAs, there currently are a limited number of studies 
of this drug in neonates. searching both ovid medLINe and 
pubmed from 2000 to 2011 using keywords buprenorphine 
and NAS and limiting the search to english language resulted 
in only two studies.9,10 these studies are described later.
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Opioid Pharmacology Basics13

 Opioid receptors—molecules on the surface of cells to which 
opioid compounds attach and exert their effects. Although there 
are several opioid receptors in the brain, the mu (m) receptor is 
the receptor most relevant to opioid abuse and its treatment.

 Full opioid agonists—an opiate that binds to the opioid 
receptor in the brain and turns it on to produce an effect in 
the organism. Increasing the dose of a full agonist increases 
the effects until a maximum effect is reached, or the receptor is 
fully activated. morphine, methadone, heroin, oxycodone, and 
hydrocodone are examples of full opioid agonist.

 Opioid antagonist—a substance that binds to opioid receptors 
to block activation by preventing the attachment of an agonist 
to the receptor. Naloxone (Narcan, endo pharmaceutical, 
Newark, NJ) is the opioid antagonist with which NICU nurses 
are most familiar.

 Partial opioid agonist—an opioid with some of the properties 
of both agonist and antagonists. partial agonists bind to the 
receptors and activate them but not the same degree as a full 
agonist. At lower doses, agonists and partial agonist produce 
the same effects. With increasing doses of a partial agonist, 
there is an increasing effect but only up to a point. At this 
point, increased doses do not produce increased effects. this is 
known as the ceiling effect. Additionally, partial opioid agonist 
displace or block full agonist from the receptors. buprenorphine 
is an example of a partial opioid agonist.
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Kraft and colleagues sought to demonstrate feasibility and 
safety of sublingual buprenorphine for the treatment of NAS.9 
Additionally, the researchers sought to evaluate the efficacy 
of buprenorphine relative to standard therapy of neonatal 
opium solution (NOS) for the endpoints of length of treat-
ment and length of stay. Because of the preliminary nature 
of the study, the study was not adequately powered to detect 
a difference in these efficacy endpoints. The  researchers also 
explored buprenorphine pharmacokinetics “within the limits 
of what [could] be accomplished in this sized  otherwise 
healthy neonatal study population.” 9(pe602)

Twenty-six infants, $37 weeks gestation with in utero 
exposure to opioids and demonstrating signs and symptoms 
of NAS, were randomly assigned in a 1:1 ratio to receive 
either buprenorphine or NOS. Exclusion criteria were major 
congenital malformation or intrauterine growth retardation; 
medical illness that required escalation of medical therapy, 
concomitant maternal benzodiazepine, or severe alcohol 
abuse; maternal benzodiazepine or alcohol use in the 30 days 
prior to enrollment; or concomitant neonatal use of cyto-
chrome P450 inducers or inhibitors before the initiation of 
NAS treatment, seizures, or other neurologic abnormality. 
Neonatal abstinence syndrome was scored using the modi-
fied Finnegan scale,* which is standard of care at the study 
facility. (Treatment was initiated based on any three consecu-
tive modified Finnegan scores $24.)9

Infants in the buprenorphine group received an initial dose 
of 13.2 mcg/kg/day sublingual in three divided doses. This 
dose was selected for this clinical trial using a pharmacoki-
netic model that determined a target steady-state buprenor-
phine concentration of 2 ng/mL.9 The dose was increased 
by 20 percent for a combined Finnegan score of .24 on 
two or three measures or a score of 12 on a single measure 
of the Finnegan score. Infants in whom inadequate control 
had been achieved could receive a rescue dose of 50 percent 
of the  previous dose; the subsequent dose was increased 
by 20 percent of the previous maintenance dose. Adjuvant 
therapy with phenobarbital was added if an infant reached 
a maximum buprenorphine dose of 39 mcg/kg/day. After 
three days at a stable dose, weaning was begun for modified 
Finnegan scores ,8. The dose was weaned by 10 percent, 
and dosing was stopped when the dose was near or at the 
original starting dose. The researchers did not describe the 
frequency of weaning.9

Infants in the standard treatment group received a start-
ing NOS dose of 0.4 mg/kg divided in six doses. The dose 
was escalated by 10 percent for a Finnegan score of .24 on 
two or three measures or a single score of 12. If a rescue dose 
was needed, the dose was the equivalent of one extra NOS 

dose. If an infant reached a dose of NOS of 1 mg/kg/day, 
phenobarbital was added as an adjuvant. Weaning from NOS 
began when infants demonstrated control of their NAS for 
48 hours. Control of NAS was measured by the modified 
Finnegan scale; however, the researchers did not mention a 
specific score as a criterion for weaning. All infants, regard-
less of treatment allocation were observed for at least two 
days following the cessation of medication. The addition of 
phenobarbital in either group was considered a treatment 
failure but not an adverse event.9

Thirteen infants were assigned to each group. All of the 
mothers had been maintained on methadone. One infant 
in the buprenorphine group did not complete the treat-
ment caused by onset of seizures. This infant was withdrawn 
from the study and treated with phenobarbital and NOS. 
The researchers reported that the cause of the seizures did 
not appear to be related to either undertreatment of with-
drawal or a dose-dependent effect of the buprenorphine. The 
researchers reported no drug-related adverse events.9

The lengths of treatment and stay trended lower in the 
buprenorphine group than in the NOS group, but the dif-
ferences between the two groups were not statistically 
significant. The mean length of treatment in the buprenor-
phine group (n 5 12) was 22 days (r 5 11–47 days). The 
mean length of treatment in the NOS group (n 5 13) 
was 32 (r 5 14–60 days). The mean length of stay in the 
buprenorphine group (n 5 12) was 27 days (r 5 17–51 days). 
The mean length of treatment in the NOS group (n 5 13) 
was 38 (r 5 19–66 days). Three infants in the buprenorphine 
group required adjuvant treatment with phenobarbital com-
pared to one in the NOS group.

The study target steady-state concentration for buprenor-
phine was 2 ng/mL. Nine of the 12 infants in buprenor-
phine group had concentrations of ,0.6 ng/mL. There were 
three outliers with steady-state  concentrations ranging of 
0.85, 1.80, and 3.69 ng/mL. Interestingly, these concen-
trations were not dose- dependent. The highest steady-state 
concentration (3.69 ng/mL) was in an infant at the initial 
13.2 mcg/kg dose. The other outlying concentrations were 
in infants who received the protocol-specified maximum dose 
of 39 mcg/kg. Despite the lower steady-state concentration 
in the majority of the infants, the  researchers reported good 
control of  withdrawal symptoms. The researchers also noted 
significant  dose-to-dose intrasubject variability in buprenor-
phine and norbuprenorphine concentrations. They sug-
gested that the variability could not be explained only by 
 developmental ontogeny of metabolic enzymes, but that it was 
likely a reflection of the extent of sublingual dosing. That is, 
 variable amounts of each dose may have been swallowed and 
metabolized presystemically. The researchers further noted 
that morphine pharmacokinetics is also variable in neonates, 
and therefore clinical efficacy, rather than pharmacokinetics, 
will ultimately determine dose selection.9

In a subsequent study to build upon the study described 
earlier, Kraft and associates randomized 24 term infants, 

*For more information on the modified Finnegan scale, see 
Zimmermann-Baer U, Nötzli U, Rentsch K, Bucher, HU. Finnegan neo-
natal abstinence scoring system: normal values for first 3 days and weeks 
5–6 in non-addicted infants. Addiction. 2010;105(3):524–528. http://
dx.doi.org/10.1111/j.1360-0443.2009.02802.x
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$37 weeks gestation with in utero exposure to opioids and a 
need for pharmacologic management of NAS, in a 1:1 ratio to 
receive either sublingual buprenorphine or oral morphine.10 
The goal of this study was to optimize the dose of sublin-
gual buprenorphine for the treatment of NAS. Exclusion 
criteria were major congenital malformation or intrauterine 
growth retardation, medical illness that required escalation 
of medical therapy, concomitant maternal benzodiazepine 
or severe alcohol abuse, maternal benzodiazepine or alcohol 
use in the 30 days prior to enrollment or concomitant neo-
natal use of cytochrome P450 inducers or inhibitors before 
the initiation of NAS treatment, seizures or other neurologic 
abnormality. Neonatal abstinence syndrome was monitored 
using a modified Finnegan scale which is standard of care at 
the study facility. Treatment was initiated based on any three 
consecutive scores $24 or a single score $12 on the modified 
Finnegan scale.10

Infants randomized to the buprenorphine group received 
an initial dose of 15.9 mcg/kg/day sublingual divided 
in three doses. Several factors lead the  researchers to the 
dosing regimen used in this study. In their previous study, 
the researchers observed that infants in the buprenorphine 
group required an initial rapid up- titration of dosing and 
that the infants frequently attained maximum dosage.9 
Additionally, pharmacokinetic studies revealed lower than 
anticipated plasma buprenorphine levels. Finally, opioid 
toxicity related to buprenorphine was not observed.10 The 
researchers’ goal was to optimize dosing by increasing the 
initial dose, increasing rate of dose up-titration, and increas-
ing the maximum daily dose.10 The dose was increased by 
25 percent for  combined NAS score of $24 total on three 
measures or a score of $12 on a single measure. Infants who 
 demonstrated  inadequate control between scheduled doses 
could receive a rescue dose equal to 50 percent of the pre-
vious dose;  subsequent doses were increased by 25 percent 
of the  previous  maintenance dose. When the dose was 
stable for at least three days,  buprenorphine weaning could 
begin for scores ,8. The weaning interval was 10 percent 
daily. Buprenorphine was  discontinued when the dose was 
within 10 percent of the initial dose. All dose calculations 
were based on birth weight. If NAS was not controlled on a 
maximum buprenorphine dose of 60 mcg/kg/day, the infant 
received a 20 mg/kg loading dose of  phenobarbital followed 
by 2.5 mg/kg doses every 12 hours for at least two days. 
Phenobarbital was  discontinued prior to weaning buprenor-
phine. Once scores were ,8, the phenobarbital dose was 
reduced by 50 percent, and then discontinued as tolerated 
based on scores. The  researchers reported that phenobarbi-
tal was generally  discontinued two days  following the initial 
50 percent reduction.10

Standard treatment consistent of morphine 0.4 mg/kg 
divided in 6 doses. The dose was escalated by 10 percent for 
a Finnegan score of $24 on three measures or a single score 
$12. All dose calculations were based on daily weights. If a 
rescue dose was needed, the dose was the equivalent to one 

extra morphine dose. If an infant reached a dose of mor-
phine 1 mg/kg/day, phenobarbital was added as an adjuvant. 
Phenobarbital was also discontinued as described earlier prior 
to weaning morphine. Morphine was weaned by 10 percent 
per day and discontinued when a dose of 0.15 mg/kg/
day was reached. Infants in both groups were observed for 
a minimum of two days following discontinuation of the 
drugs.10

The infants in both groups were similar in relation to ges-
tational age, race, gender, birth weight, and Apgar scores. 
All mothers had been treated with methadone. None of 
the adverse events reported in the study were felt likely to 
be related to either drug. One infant in the buprenorphine 
group had cytomegalovirus infection, prolonged reflux and 
poor feeding, elevated liver function tests (LFTs), amino-
aciduria, and paronychia of a finger. The study’s data safety 
monitor board (DSMB) reviewed the case and determined 
that buprenorphine was not responsible for this infant’s clini-
cal course. The DSMB did agree with the researchers’ sugges-
tion to monitor LFTs in future study participants. Predose, 
7 day, and 21-day postrandomization LFTs were normal in 
six subsequent patients; three in buprenorphine group and 
three in the morphine group.10

The length of treatment in the buprenorphine group was 
23 6 12 days versus 38 6 14 days in the morphine group 
(p5.01) representing a 40 percent reduction in length of treat-
ment. The length of stay for the buprenorphine group was 
32 6 24 days versus 42 6 13 days in the morphine group 
(p5.05). This represents a 24 percent reduction in length 
of stay. Three infants in the buprenorphine group and one 
infant in the morphine group required phenobarbital. None 
of the infants was readmitted for withdrawal after initial 
discharged.10

PHENOBARBITAL AS AN ADJUVANT
In the study by Kraft and colleagues published in 2008, 

the researchers asserted that need for phenobarbital in 3 of 
the 12 neonates in buprenorphine group suggested that the 
maximal dose of 39 mg/kg/day used in this study may not 
have been high enough to control symptoms of NAS. The 
researchers also judged the need for phenobarbital as a treat-
ment failure.9 However, in the subsequent study, Kraft and 
associates argued that the need for adjuvant phenobarbital 
might not be an indication of treatment failure in infants 
with more severe withdrawal.10 It is still not clear where the 
maximum buprenorphine dose lies on the dose-response 
curve in this population. More infants in the buprenorphine 
group required phenobarbital than in the morphine group 
(three vs one). Because buprenorphine is a partial agonist, 
it is possible that it “may not be able to induce the dense 
signal generation at the mu opioid receptor obtained with 
morphine.”10(p578) Alternatively, as asserted by the research-
ers, a higher maximum dose of buprenorphine may eliminate 
the need for phenobarbital. Kraft and associates concluded 
their discussion related to phenobarbital by noting that short-
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term use of phenobarbital has few adverse effects and that a 
short course may be a useful adjunct for neonates who experi-
ence more severe withdrawal.10

POSSIBLE ADVANTAGES OF BUPRENORPHINE
The advantages of buprenorphine over morphine for 

 treatment of NAS still need to be determined. Because 
buprenorphine has a longer duration of action and resides on the 
mu opioid receptor for a longer period of time, buprenorphine 
use may decrease sudden shifts in receptor antagonism and 
thus, reduce withdrawal symptoms. Additionally, a  prolonged 
persistence of drug effect following  discontinuation may also 
reduce symptoms. The higher up-titration of buprenorphine 
versus morphine (25 percent vs 10 percent) may result in more 
rapid attainment of symptom control in infants  receiving 
buprenorphine. A 10 percent per day weaning schedule is 
used for both drugs, however, buprenorphine is  discontinued 
sooner, within 10 percent of the starting dose, whereas mor-
phine is weaning to 0.15 mg/kg/day before discontinu-
ing; this is significantly lower than the initial starting dose 
of 0.4 mg/kg/day. Finally, because buprenorphine dosing is 
based on birth weight, not daily weight as morphine dosing 
is, there is a relative decrease in the buprenorphine dose per 
kilogram of current weight as the infant grows.

The results of the initial trail by Kraft colleagues suggested 
improved efficacy of buprenorphine over morphine in terms 
of length of stay and length of treatment.9 In the second study 
with the revised dosing schema, the researchers reported a 
statistically significant difference between the buprenorphine 
and morphine groups in both length of stay and length of 
treatment, thus, demonstrating an advantage of buprenor-
phine over morphine in this sample of infants with NAS.10

Adverse Events
In the study published in 2008, Kraft and colleagues 

reported adverse events in two infants.9 One infant in the 
buprenorphine group had generalized seizures 78 hours after 
the initial dose resulting in discontinuation of the buprenor-
phine. The trial was also placed on hold at that point. This 
infant had normal serum hematology, chemistries, C-reactive 
protein, and cerebrospinal fluid laboratory values and negative 
cultures. The electroencephalogram was normal. Magnetic 
resonance imaging revealed a small subdural hemorrhage in 
the posterior fossa felt to be related to the birthing process; 
there was no parenchymal  abnormality. The researchers did 
not feel that there was a causal link between undertreatment of 
withdrawal or a dose-dependent effect of the drug. An inde-
pendent review determined that the trial could resume using 
the established protocol.9 A second infant in the buprenor-
phine group experienced a mild fungal paronychia that was 
deemed unrelated to the drug.9

In the subsequent study, the researchers reported two 
cases of oral thrush, one case of conjunctivitis, and one case 
of reflux among the infants in the morphine group. None of 
these adverse events were related to the drug. One infant in 

the buprenorphine group had a fractured clavicle at birth, 
which was clearly unrelated to the study drug. Another 
infant in buprenorphine group experienced several adverse 
events. Paronychia of the finger, cytomegalovirus infection, 
and aminoaciduria were judged to be unrelated to the drug; 
reflux and poor feeding and elevation of liver transaminases 
were deemed probably not related to the drug.10

CONCLUSIONS

The published studies at the time of this printing were 
both open label studies of buprenorphine and morphine in 
small samples at one center. Blinded randomized clinical 
trials comparing morphine to buprenorphine are needed. 
Several questions need to be answered before buprenorphine 
becomes standard therapy for NAS, including:

Is buprenorphine safe and efficacious for treating NAS in •	
the presence of maternal polysubstance use?
Is buprenorphine safe in preterm infants?•	
How is dosing adjusted when scores begin to rise during •	
weaning?
Is buprenorphine useful in preventing and  treating with-•	
drawal associated with iatrogenic physiologic opioid toler-
ance in infants receiving narcotics for pain management?
Jones asserted the importance of reexamining our methods 

for measuring neonatal abstinence.11 Is it possible for one tool 
to assess withdrawal from opioids alone and in combination 
with other substances? The items used for measures should 
be clearly defined and quantifiable. Tools should be easy to 
use and place limited burden on the neonate, the family, and 
the staff.

Neonatal abstinence syndrome is a serious health issue. A 
recent report from SAMHSA noted that 4.4 percent of preg-
nant women between the ages of 15 and 44 years used illicit 
drugs.7 The rate is highest among the youngest group (15.8 
percent or 14,000 15- to 17-year-olds; the rate for 18- to 
25-year-olds is 7.4 percent and 1.9 percent for 26- to 44-year-
olds.7,12 Assessing and managing NAS is labor intensive and 
fiscally costly. It is essential that research continues to focus 
on effective means of assessing and managing NAS with the 
goal of safely decreasing both the lengths of treatment and 
the lengths of hospitalization for these infants.
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