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Abstract

We aimed to compare the outcomes of pharmacotherapy with either buprenorphine
or methadone in infants treated for neonatal abstinence syndrome (NAS) secondary to
intrauterine exposure to methadone. This is a multi-center, retrospective cohort study
to assess length of treatment (LOT), hospital length of stay (LOS), and cumulative opioid
exposure between infants treated with either methadone or buprenorphine for NAS
secondary to in utero exposure to methadone. Infants delivered at a gestational age
235 weeks and a maternal history of opioid-use disorder and/or urine drug screen posi-
tive for methadone, and postnatal pharmacotherapy for NAS with either buprenorphine
or methadone as first-line opioid replacement therapy, were eligible. Median LOT, LOS,
and cumulative opioid exposure were compared between buprenorphine- and metha-
done-treated infants. A total of 156 infants (48 treated with buprenorphine and 108
with methadone) were identified. The median LOT and LOS for buprenorphine-treated
infants was 8 and 13 days compared with 15 and 20 days for methadone-treated infants,
respectively, P < .001 for both outcomes. Median cumulative opioid dose in morphine
equivalents was 0.6 mg/kg for buprenorphine-treated infants vs 1.05 mg/kg for metha-
done-treated infants, P < .001. No adverse effects were noted among either group. Of
infants treated with buprenorphine, 34 (71%) required the addition of adjunctive phar-
macotherapy during the NICU stay, compared with 31 (32%) in the methadone-treated
group, P = .0008. However, significantly fewer infants treated with buprenorphine re-
quired continuation of therapy beyond discharge as compared with those treated with
methadone. The difference is most likely a reflection of the protocols used by the sites.
In infants that required pharmacotherapy for NAS secondary to intrauterine exposure
to methadone, treatment with buprenorphine, compared with methadone therapy, was
associated with better outcomes. If confirmed with prospective data, buprenorphine
could be considered first-line therapy for the two medication-assisted treatment regi-

mens recommended by the American College of Obstetricians and Gynecologists.
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1 | INTRODUCTION

The incidence of neonatal abstinence syndrome (NAS), infant drug
withdrawal secondary to chronic in utero exposure to opioids, includ-
ing methadone and other psychotropic drugs, has risen dramatically
over the past decade.r® NAS is associated with prolonged hospital-
ization in the Newborn Intensive Care Unit and has become a major
health burden in the United States.*> Additionally, infants diagnosed
with NAS are more than twice as likely to be readmitted to the hospital
compared with uncomplicated term infants.® The American College
of Obstetricians and Gynecologists (ACOG) recommends medica-
tion-assisted treatment with methadone or buprenorphine in opioid-
dependent women during pregnancy.” However, both medications
are associated with NAS. The American Academy of Pediatrics (AAP)
and a systematic review identified opioid replacement as the ideal
treatment of NAS, when pharmacotherapy is indicated.®’ However,
choice of agent varies widely between institutions, both with respect
to first-line medication and dosage protocol.#%! Outside of a re-
cent prospective, randomized clinical trial wherein short-term out-
comes were better in infants receiving methadone compared with
morphine,28 and there are insufficient data to compare the relative
efficacy of the commonly prescribed opioids (morphine, methadone,
and buprenorphine) in order to guide therapy.

In retrospective, cohort studies, we and others have shown that
buprenorphine is associated with a shorter length of stay (LOS),
shorter length of therapy, and minimal side effects when used for the
management of all-cause NAS as compared to methadone for infants
with in utero exposure to short- and/or long-acting opioids, including
methadone and/or buprenorphine'®?* Buprenorphine has several
advantages over other opioids in the management of NAS. The mech-
anisms of action of buprenorphine, as a partial mu agonist and weak
kappa antagonist activity in the central nervous system, support its bi-
ologic and scientific plausibility for use in NAS.®® As such, we posit that
buprenorphine could be safely used as a first-line agent for all in utero
opioid exposures, including intrauterine exposure to methadone.

In this retrospective study, we assessed the relative efficacy of
buprenorphine vs methadone as first-line pharmacotherapy for NAS
in infants exposed to methadone in utero. Our primary outcome
was length of hospital stay. Secondary outcomes included length of
opioid therapy and cumulative opioid exposure. We also compared
the proportion of infants that required adjunctive pharmacotherapy,
including the need for adjunct therapy at discharge.

2 | METHODS

2.1 | Study design

This is a retrospective cohort study performed on infants admit-
ted to four regional hospitals staffed by physicians from Cincinnati
Children's Hospital Medical Center. These include the St. Elizabeth
Health Care (SEHC) in Edgewood, Kentucky, and three hospitals
in Cincinnati, Ohio—The University of Cincinnati Medical Center
(UCMC), Mercy Hospital Anderson Nursery (MAN), and Good

Samaritan Hospital (GSH). By protocol, all parturient women are
screened with a urine drug test at the point of admission and infants
delivered to mothers with a history of opioid-use disorder or posi-
tive urine drug test are tested for drugs with either a urine or cord
tissue drug test. Infants exposed to long-acting opioids (methadone
or buprenorphine) in utero are monitored for NAS for a minimum of
96 hours during birth hospitalization. Eligible infants were those born
from March 2015 to March 2017 at a gestational age 235 weeks and
a maternal history of methadone therapy or urine drug screen posi-
tive for methadone, and treatment for NAS with either buprenor-
phine or methadone as first-line opioid replacement therapy. All four
sites use the same criteria for initiation, maintenance, and weaning
of pharmacotherapy and for addition of adjunct therapy based on
modified Finnegan neonatal abstinence scoring.'® However, the
choice of first-line opioid therapy is different between the sites. The
sites use similar protocols for both nonpharmacologic management
and pharmacologic management of infants with a diagnosis of NAS,
as described previously.'%'213 |nfants from SEHC are a subset of in-
fants reported in a recent publication of all-cause NAS.*? The current
study, in contrast, focuses on comparing buprenorphine with metha-
done in exposure-specific NAS (intrauterine methadone exposure).

Maternal and infant demographic data, maximum dose of opi-
oid replacement therapy in mg- or mcg/kg/d, length of opioid
replacement therapy (LOT), cumulative postnatal opioid expo-
sure, the need for and type of adjunctive pharmacotherapy, LOS,
adverse drug effects, and the need for continuation of adjunct
therapy at discharge were recorded into a centralized, secure, on-
line database (REDCap—Research Electronic Data Capture) tool
hosted at Cincinnati Children's Hospital Medical Center for stor-
age and analysis.’” As an exploratory endpoint, cumulative opioid
exposure was calculated in Morphine Milligram Equivalents (MME)
using Opioid Morphine Equivalent Conversion Factors as outlined
by the Centers for Disease Control and Prevention.’® Social pa-
rameters and co-morbidities that may result in the prolongation
of hospitalization beyond that which was medically indicated per
current protocols were recorded to avoid the confounding of data
at the time of analysis.

The study protocol was approved by the University of Cincinnati
(UC) Institutional Review Board (IRB) with a waiver of informed con-

sent. The other sites relied on the IRB approval by UC.

2.2 | Study patients

Neonates 235 weeks postmenstrual age that received phar-
macologic treatment of NAS secondary to in utero exposure to
methadone were classified, based on the first-line therapy, into
either the buprenorphine-treated or the methadone-treated arms.
Infants with confounding illnesses necessitating therapy with opi-
oids other than for the treatment of NAS and neonates whose
only exposure to opioids were narcotics administered during labor
were excluded from the study. Pertinent covariates examined
included maternal and gestational age, birthweight, and in utero
polysubstance exposure.
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FIGURE 1 Patient flow: treatment
arm, need for adjunct therapy, and need
for therapy at discharge

156 treated infants

TABLE 1 Baseline demographic characteristics for patients
across participating centers and a comparison between methadone-
treated vs buprenorphine-treated infants

(a) Mean (SD)
Gestational age in weeks 38.4 (1.6)
Birthweight in kilograms 2.96 (0.48)
Maternal age in years 28 (4.8)

Methadone- Buprenorphine-

(b) treated treated P*

Gestational age in 38.1(1.8) 38.4 (1.6) 21
weeks (SD)

Birthweight in kilo- 2.89 (0.50) 2.97 (0.50) .20
grams (SD)

Maternal age in years 28.5(5.1) 28.4 (4.7) 92
(SD)

Infant polysubstance 45 (42) 18 (37) .68

exposure, N (%)

Note: P > .05 for all parameters.
*P for buprenorphine-treated vs methadone-treated infants.

2.3 | Statistical analysis

Comparisons between factors that are dichotomous and continu-
ous outcomes were evaluated using Fisher's exact test, or Mann-
Whitney rank sum as appropriate. Associations among categorical
variables assessed using chi-square analysis using SigmaPlot Data
Analysis software V13.0 (Systat Software Inc).

3 | RESULTS

A total of 156 infants treated solely for NAS secondary to in-
trauterine exposure to methadone were identified across the
participating centers during the study period. Of these, 48 in-
fants were treated with buprenorphine as the primary opioid
replacement therapy, while 108 received methadone, Figure 1.

CWILEY--

Need for adjunct Need for pharmacotherapy at

pharmacotherapy discharge
N (%) N (%)
Methadone-
treated 7(28) 7(28)
Center A N=25
N=78 Buprenorphine-
treated 34(71) 4(8)
N=48
Methadone-
et treated 11(38) 7(24)
- N=29
Methadone-
center ¢ treated 1(50) 1(50)
N=2
Methadone-
center treated 13(25) 12(23)
- N=52

Methadone-treated

_ ey e oty s deneree —
27, 81
.016

Buprenorphine-treated 4 a4

The demographic characteristics of the entire cohort were similar
between the participating centers. There were no significant dif-
ferences in the postmenstrual age, birthweight, and intrauterine
polysubstance exposure between buprenorphine- and metha-
done-treated infants, P > .05 for all variables, Table 1. Similarly,
site-specific demographic characteristics (gestational age, birth-
weight, and maternal age) did not reveal any statistically signifi-
cant differences between the centers (data not shown).

The median (interquartile range, IQR) LOT and LOS for buprenor-
phine-treated infants were 8 (5-9) and 13 (9-15) days, respectively,
compared with 15 (10-18) and 20 (14-23) days for methadone-
treated infants, P < .001 for both. Median (IQR) cumulative opioid
dose in morphine equivalents was 0.6 (0.4-1) mg/kg for buprenor-
phine-treated infants, compared with 1.05 (0.5-3.94) mg/kg for
methadone-treated infants, P < .001, Figure 3. Adjustments to LOS
for prematurity and social reasons were assessed, but none found.
Though all vital signs and nursing records were not examined with
the rigor of a clinical trial, no adverse effects were reported in the
electronic medical records among either group.

Of infants treated with buprenorphine, 34 (71%) required the
addition of adjunctive pharmacotherapy during the NICU stay, com-
pared with 31 (32%) in the methadone-treated group, P =.0008. The
adjunct therapy of choice for buprenorphine-treated infants was
clonidine, and both clonidine and phenobarbital were used at various
time periods in the study in methadone-exposed infants. In contrast,
continuation of adjunct pharmacotherapy beyond discharge from
the NICU occurred in 4 (8%) of infants treated with buprenorphine
compared with 27 (24%) infants treated with methadone, P = .016,
Figure 1. Choice of adjunct therapy was dependent on study site and
included both clonidine and/or phenobarbital at all sites. Weaning of
adjunct therapy was done on both an inpatient and outpatient basis
based on the institutional protocols.

To further assess the internal validity of our findings, we per-
formed a post hoc analysis of outcomes on infants from the hospi-
tal site (SEHC) where two-thirds of infants received buprenorphine
and one-third were treated with methadone, in contrast to the other
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FIGURE 2 Length of stay and length of treatment for
methadone- and buprenorphine-treated Infants *P < .001

three sites where all infants were treated with methadone. This su-
banalysis showed shortened LOS and LOT similar to the entire study
population. Specifically, median length of treatment (LOT) and LOS
were both shorter in buprenorphine-treated infants (LOT 8 days
[range: 4-13] and LOS of 13 days [4-30]) than in those treated with
methadone (LOT 10 days [7-22] and LOS of 14 days [12-31]), P <.001
for both, Figure 2. Additionally, the post hoc analysis showed that
there was no statistically significant difference between the number
of patients who required adjunct pharmacotherapy or those who re-
quired pharmacotherapy at discharge when comparing the SEHC co-
hort with the aggregate data from all other centers excluding SEHC

(data not shown).

4 | DISCUSSION

The ACOG recommends methadone or buprenorphine as medication-
assisted treatment for pregnant women with opioid-use disorder.” In
utero exposure to buprenorphine is associated with decreased length
of hospital stay in infants with NAS compared with exposure to meth-
adone.?” Outcomes of NAS following therapies for specific intrau-
terine opioid exposures have not been adequately addressed. In the
current retrospective study, we found that in NAS due to intrauterine
exposure to methadone, postnatal treatment with buprenorphine is
associated with a shorter length of NICU stay, duration of treatment,
and lower cumulative opioid exposure, compared with postnatal phar-
macotherapy with methadone. To our knowledge, this is the first re-
port of efficacy of methadone vs buprenorphine in exposure-specific
NAS. Consistent with previous reports, no adverse effects were iden-
tified (data not shown) in either buprenorphine- or methadone-treated
infants.’® Given other reports of the utility of buprenorphine, our data
argue for arole for buprenorphine for NAS from all intrauterine opioid
exposures including methadone-exposed neonates.

Although oral morphine and methadone remain the most frequently
prescribed first-line medications in the treatment of NAS in the United

States, sublingual buprenorphine is a treatment modality which has
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FIGURE 3 Cumulative opioid exposure for methadone-

and buprenorphine-treated Infants *P < .001. Methadone:
median = 1.05 mg/kg (MME), IQR = 0.5-3.94 mg/kg (MME).
Buprenorphine: Median = 0.6 mg/kg (MME), IQR = 0.4-1 mg/kg
(MME)

gained some traction in recent years.®% Possible advantages of bu-
prenorphine over morphine or methadone include its favorable safety
profile given the agonist/antagonist properties of buprenorphine and
its action on both mu and kappa opioid receptors, alleviating withdrawal
symptoms due to partial agonist activity at mu receptors and mitigat-
ing the dysphoria associated with opioid withdrawal through action on
kappa receptors.?® Agonist effects of buprenorphine at the delta and
opioid receptor-like (ORL1) receptors may also play a role.*®

Our findings are consistent with some of the previous reports
that buprenorphine therapy in NAS is associated with reduced length
of NAS treatment and LOS compared with oral morphine?! or with
methadone in all-cause NAS. Although no difference was reported
in the use of adjunctive pharmacotherapy between buprenorphine-

t,'> we found that

and morphine-treated infants in a recent repor
buprenorphine-treated infants required adjunct pharmacotherapy
more often. However, significantly fewer infants treated with bu-
prenorphine required continuation of therapy beyond discharge
as compared with those treated with methadone. The difference
is most likely a reflection of the protocols used by our sites which
leverage favorable pharmacokinetics and pharmacodynamics of bu-
prenorphine in a 4-step taper for infants treated with buprenorphine
as compared with an 8-step taper for those treated with methadone.
Secondary to the duration of the study, the choice of adjunct thera-
pied varied between study sites—sites used either clonidine or phe-
nobarbital, based on their institutional protocols, Appendix 1. This
also probably accounts for shorter LOT and LOS than those reported
in previous studies.'>?? The criteria for initiation, weaning, and addi-
tion of adjunct therapy were comparable between all centers. As an
exploratory endpoint, cumulative opioid exposure when standard-
ized and expressed in MME was lower with postnatal buprenorphine
therapy in our study. The significance of this is unknown.

Strengths of the current study include the involvement of four
separate hospitals staffed by a physician group that uses the same

treatment algorithms for managing NAS, thus reducing the potential
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for heterogeneity and practice variations, well documented in the
NAS literature. Another strength of the current study is the ample
sample size for this patient population which may support general-
izability of our findings to other settings. We also recognize certain
limitations of the current study, including the lack of a prospective,
randomized comparison of the methadone vs buprenorphine in the
treatment of NAS. As designed, the decision to treat with metha-
done or buprenorphine was dependent on the site. As such, there
could be site-specific differences in care for which we could not ac-
count, although all sites used the NICU model of care—with rooming
in possible at all centers—and have similar practices and policies with
regard to breastfeeding. Inter-rater reliability is another limitation
and was not assessed, and however, all staff are required to undergo
training for Finnegan scoring on a routine basis, in order to mitigate
inter-rater variability. Although the demographics are comparable
between the two groups, retrospective studies are fraught with un-
accounted-for confounders. The sample size precludes adjusting for
several important variables such as the percentage of mothers with
polypharmacy in each group or concurrent illicit drug use.

Our study addresses a knowledge gap with respect to expo-
sure-specific NAS and may be a first step toward targeted or indi-
vidualized therapy. This aligns with the position of the Government
Accountability Office of the United States—specifically, the treat-
ment of NAS including the effectiveness of different drugs.?>?* To
the best of our knowledge, this is the first study to date comparing
buprenorphine to methadone therapy as primary opioid replace-
ment for methadone-exposed infants who require pharmacother-
apy for the management of NAS. Our results demonstrate that
methadone-exposed infants who require pharmacotherapy for the
management of NAS have a favorable response to buprenorphine
therapy despite a potentially more severe presentation of NAS.%2%"
27 Outside of a recent prospective, randomized clinical trial wherein
short-term outcomes were better in infants receiving methadone
compared with morphine,?® there are insufficient data to compare
the relative efficacy of the commonly prescribed opioids (morphine,
methadone, and buprenorphine) in order to guide therapy. Our find-
ings, if broadly adopted after confirmation with a prospective study,
may impact the standard of care for pharmacologic management of
NAS, in selecting the optimal therapeutic agent which may improve
outcomes and potentially decrease overall healthcare costs.

In conclusion, postnatal treatment of infants with NAS sec-
ondary to chronic intrauterine exposure to methadone with bu-
prenorphine may be superior to postnatal pharmacotherapy with
methadone with respect to LOT, hospital LOS, and cumulative opioid
exposure. However, more infants are treated with buprenorphine
required adjunctive pharmacotherapy. Using our current protocols,
therapy with buprenorphine would result in earlier discharge from
the hospital and less disruption for the family. The favorable findings
surrounding buprenorphine therapy, combined with novel strategies
such as Eat, Sleep, Console, and PRN therapy, could further impact
duration of therapy, cumulative opioid exposure, and NAS-related
LOS. A randomized prospective study to compare the different
treatment modalities for NAS is warranted.

WILEY—Y

ACKNOWLEDGMENTS

The authors are grateful for the multidisciplinary care team involved
in the care of our infants at our respective institutions including ad-
ministration and front-line staff. The dedicated groups of physicians,
nurses, pharmacists, social workers, discharge planners, lactation
consultants, occupational and physical therapy specialists, respira-
tory therapists, clinical dieticians, and informatics personnel have
been and continue to be an integral part of our success in caring for

critically ill infants including those with NAS.

CONFLICT OF INTERESTS

The authors declare no conflict of interests.

ORCID

Afshin A. Taleghani https://orcid.org/0000-0001-7901-8649

REFERENCES

1. Winkelman TNA, Villapiano N, Kozhimannil KB, et al. Incidence and
costs of neonatal abstinence syndrome among infants with medic-
aid: 2004-2014. Pediatrics. 2018;141(4):e20173520.

2. Kaltenbach K, Holbrook AM, Coyle MG, et al. Predicting treatment
for neonatal abstinence syndrome in infants born to women main-
tained on opioid agonist medication. Addiction. 2012;107(Suppl
1):45-52.

3. Patrick SW, Cooper WO, Davis MM. Prescribing opioids and psy-
chotropic drugs in pregnancy. BMJ. 2017;358:j3616.

4. Patrick SW, Davis MM, Lehman CU, Cooper WO. Increasing inci-
dence and geographic distribution of neonatal abstinence syn-
drome: United States 2009 to 2012. J Perinatol. 2015;35:650-655.

5. Centers for Disease Control and Prevention. The problem of neo-
natal abstinence syndrome. Public Health Grand Rounds. Accessed
September 18, 2017.

6. Patrick SW, Burke JF, Biel TJ, Auger KA, Goyal NK, Cooper WO.
Risk of hospital readmission among infants with neonatal absti-
nence syndrome. Hosp Pediatr. 2015;5:513-519.

7. Medication-assisted treatment is the recommended therapy during
pregnancy. https://www.acog.org/About-ACOG/News-Room/
News-Releases/2017/Medication-assisted-Treatment-Remains-
the-Recommended-Therapy-for-Pregnant-Women. Accessed
March 14, 2018.

8. Hudak ML, Tan RC. Committee on Drugs, Committee on Fetus and
the Newborn, American Academy of Pediatrics. Neonatal drug
withdrawal. Pediatrics. 2012;129:e540-e560.

9. Osborn DA, Jeffery HE, Cole MJ. Sedatives for opiate withdrawal in
newborn infants. Cochrane Database Syst Rev. 2010;(10):CD002053.

10. Wiles JR, Isemann B, Ward LP, Vinks AA, Akinbi H. Current manage-
ment of neonatal abstinence syndrome secondary to intrauterine
opioid exposure. J Pediatr. 2014;165:440-446.

11. Sarkar S, Donn SM. Management of neonatal abstinence syndrome
in neonatal intensive care units: a national survey. J Perinatol.
2006;26:15-17.

12. Hall ES, Rice WR, Folger AT, Wexelblatt SL. Comparison of NAS
treatment with sublingual buprenorphine versus conventional opi-
oids. American J Perinatology. 2018;35:405-412.

13. Hall ES, Wexelblatt SL, Crowley M, et al. A multicenter cohort study
of treatments and hospital outcomes in neonatal abstinence syn-
drome. Pediatrics. 2014;134:e527-e534.


https://orcid.org/0000-0001-7901-8649
https://orcid.org/0000-0001-7901-8649
https://www.acog.org/About-ACOG/News-Room/News-Releases/2017/Medication-assisted-Treatment-Remains-the-Recommended-Therapy 13for-Pregnant-Women
https://www.acog.org/About-ACOG/News-Room/News-Releases/2017/Medication-assisted-Treatment-Remains-the-Recommended-Therapy 13for-Pregnant-Women
https://www.acog.org/About-ACOG/News-Room/News-Releases/2017/Medication-assisted-Treatment-Remains-the-Recommended-Therapy 13for-Pregnant-Women

TALEGHANI ET AL.

14. Wiles JR, Isemann BT, Mizuno T, et al. Pharmacokinetics of oral
methadone in the treatment of neonatal abstinence syndrome: a
pilot study. J Pediatr. 2015;167(6):1214-1220.e3.

15. Kraft WK, Adeniyi-Jones SC, Chervonevall, et al. Buprenorphine for
the treatment of the neonatal abstinence syndrome. N Engl J Med.
2017;376(24):2341-2348.

16. Finnegan LP, Connaughton JF Jr, Kron RE, Emich JP. Neonatal
abstinence syndrome: assessment and management. Addict Dis.
1975;2(1-2):141-158.

17. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap)—a metadata-driven
methodology and workflow process for providing translational re-
search informatics support. J Biomed Inform. 2009;42:377-381.

18. Centers for Disease Control and Prevention. Opioid oral morphine
milligram equivalent (MME) conversion factors. https://www.
cms.gov/Medicare/Prescription-Drug-Coverage/PrescriptionDru
gCovContra/Downloads/Opioid-Morphine-EQ-Conversion-Facto
rs-Aug-2017.pdf. Accessed May 31, 2018.

19. Kocherlakota P. Neonatal abstinence syndrome. Pediatrics.
2014;134:e547-e561.

20. Lutfy K, Cowan A. Buprenorphine: a unique drug with complex
pharmacology. Curr Neuropharmacol. 2004;2(4):395-402.

21. Kraft WK, Dysart K, Greenspan JS, Gibson E, Kaltenbach K, Ehrlich
ME. Revised dose schema of sublingual buprenorphinein the treat of
neonatal opioid abstinence syndrome. Addiction. 2011;3:574-580.

22. Bada HS, Sithisarn T, Gibson J, et al. Morphine versus clonidine for
neonatal abstinence syndrome. Pediatrics. 2015;135(2):e383-e391.

23. Patrick SW, Kaplan HC, Passarella M, Davis MM, Lorch SA. Variation
in treatment of neonatal abstinence syndrome in US Children's
Hospitals, 2004-2011. J Perinatol. 2014,;34:867-872.

APPENDIX 1

INSTITUTIONAL PROTOCOLS

METHADONE FOR MANAGEMENT OF NEONATAL
ABSTINENCE SYNDROME (NAS)

INITIATION OF THERAPY

Initiate at Step 1 for infants with Finnegan scores >8 on three con-
secutive scorings (but not 211 x 3).

Initiate at Step 1a for infants with Finnegan scores 211 on three
consecutive scorings.

Initiate at Step 1a for infants with two Finnegan scores >12 within
a 24-h period.

Taper step Methadone dose Interval

Step 1 0.1 mg/kg Q6éhx4

*If average Finnegan scores continue >8 after 2 d, proceed to step
la

Step 1a 0.1 mg/kg Q4hx6
Step 1b 0.1 mg/kg Q8hx3
Step 1c 0.1 mg/kg Q12hx2
Step 2 0.07 mg/kg Qi12hx2

(Continues)

24. US Government Accountability Office. Prenatal drug use and new-
born health: federal efforts need better coordination and planning.
http://www.gao.gov/assets/670/668385.pdf. Accessed September
18, 2017.

25. Gaalema DE, Scott TL, Heil SH, et al. Differences in the profile
of neonatal abstinence syndrome signs in methadone- versus
buprenorphine-exposed neonates. Addiction. 2012;107(Suppl
1):53-62.

26. Tolia VN, Murthy K, Bennett MM, et al. Antenatal methadone vs
buprenorphine exposure and length of hospital stay in infants
admitted to the intensive care unit with neonatal abstinence syn-
drome. J Perinatol. 2017;38:75-79.

27. Jones HE, Kaltenbach K, Heil S, et al. Neonatal abstinence syn-
drome after methadone or buprenorphine exposure. N Engl J Med.
2010;363:2320-2331.

28. Davis JM, Shenberger J, Terrin N, et al. Comparison of safety and
efficacy of methadone vs morphine for treatment of neonatal
abstinence syndrome: a randomized clinical trial. JAMA Pediatr.
2018;172(8):741-748.

How to cite this article: Taleghani AA, Isemann BT, Rice WR,
Ward LP, Wedig KE, Akinbi HT. Buprenorphine
pharmacotherapy for the management of neonatal abstinence
syndrome in methadone-exposed neonates. Paediatr Neonatal
Pain. 2019;1:33-38. https://doi.org/10.1002/pne2.12008

APPENDIX 1 (Continued)

Taper step Methadone dose Interval

Step 3 0.05 mg/kg Q12hx2
Step 4 0.04 mg/kg Q12hx2
Step 5 0.03 mg/kg Q12hx2
Step 6 0.02 mg/kg Q12hx2
Step 7 0.01 mg/kg Q12hx2
Step 8 0.01 mg/kg Q24hx1

BUPRENORPHINE FOR NEONATAL ABSTINENCE
SYNDROME (NAS)

Step 1 4.5 mcg/kg Q8h

If average scores 28 (at starting dose 4.5 mcg/kg) increase by
1.5 mcg/kg/dose every 1-2 doses, to a maximum dose of 7.5 mcg/
kg/dose, until 2 scores <8

Step 1a 6 mcg/kg Q8h
Step 1b 7.5 mcg/kg Q8h
Step 2 3 mcg/kg Q8h
Step 3 1.5 mcg/kg Q8h
Step 4 1.5 mcg/kg Q12h
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