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ABSTRACT

BACKGROUND
The incidence of the neonatal abstinence syndrome, a drug-withdrawal syndrome
that most commonly occurs after in utero exposure to opioids, is known to have
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neanatal withdrawal signs. Clinicians
hive uged discrete or serial scores ta
asgist with therapeutic decisions. The
Lipsitz tool, alsa krown as the Neonatal
Drug Withdrawal Scoring System,’™
wis recommended in the 1988 Amer-
ican Academny of Pediatrics staternent
“Hegnatal Drug Withdrawal"™ prab:
ably because it s a relatively simple
matric with goad sensitivity for iden-
tifying chinically important withdrawal.
The modified Meonatal Abstinence
Searing Systern (Fig 10" is the pre
dominant todl wsed in the United
States. ™ This more comprehensve
instrurnent assigng a cumulative scare
based on the intérval observation of

21 items relating to signs of neonatal
withdrawal™ In 1 study, adrministra-
tion of this scoring systerm with in-
fants verified not to hive been exposed
to prenatal opates by meconium anal-
yis resulted in a stable median score
af 2 during each of the first 3 days of
life, with B3th percentile scores of 55
and 7 on days 1 and 2, respectively,™
Infants at risk for MAS shauld be
carefully manitored in the hospital
for the development of signs consis-
tent with withdriwal. The apprapriate
duration af haspital abservation is
variable and depends on a careful
assessmant of the maternal drug
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histary. An infant born to g mother an
4 low-dose presoription opiate with
4 shart halflife eg, hydrocadone, av
grage half-life, 4 haurs) may ba safely
digcharged if there are no signg of
withdrawal by 3 days of age, whereas
an infant born to a mother on an opiate
with a prolonged half-life (g8, metha-
) shauld be obsarved for & min

murm of 5 bo 7 days. [nitial treatment
af infants who develop early signs
of withdrawal is din t minimiz
ing environmaental stimuli [ath light
and saund) by placing the infant in a
dark, quit envirorment; avoiding auto
stimulation by careful swaddling, re
sponding early to an infant’s signals;

NEONATAL ABETINENCE SCORING SYSTEM
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rting technigu

Wy
), and prowiding frequent
srmall volumes of hypercalaric formula
ar human milk b minimize hunger and
allaw for adequate growth. Caloric
needs may be as high as 150 to 230
calfkg per day because of increased
enerdy ixpenditure and lbss of calories
fram regurgitation, vomiting, and/ar
lonse stoa's. ™™ The infant needs
to be carefully observed to recognize
fover, dehydration, or weight loss
promptly. The goals of therapy are ko
ensure that the infant achieves ade-
quate sleep and nutrition to establish
4 consistent pattarn of weight gain
and beging to integrate into a social
environment. Maternal screening far
comariidities, such as HY or hepatitis
€ wirus infections and palydrug abuse,
needs to be performed. Additional
Suppartive care in the farm of intra-
venous fluids, replacement electro-
Iytes, and gavage feedings may be
nicessary to stabilize the infant’s con:
ditian in the acute phase and obviate
tha need for pharmacologic interven-
tion. When possible, and if not ather
wije contraindicated, mothers wha
adhere to a supervised drug treat
ment pragram should be encouraged
o breasth
tirues to gain weight
the feeding of human milk has been
associated with legs sevena NAS that
presents later and less frequently re
quires pharmacalogic ntervention.” "
Methadone is present in very low con:
centrations in human milk. Gumula-
tive daily intake of methadone in fully
broastied infants has been estimated
to range from 001 to 015 mgiday in
the first 30 days of [fe™ and 015 ta
0.30 mg/day between 30 and 180 days
of age."™ Similarly, the amaunt of
buprenarphing excretad in human
milk is small. Athough more infarma-
tion i needed to evaluate longterm
reurgdevelopmental autcarme of ine
fants exposed to small quantities of
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buprerarphing, there 15 no clear rea:
gan to discourage breastfeeding in
rmothers wha adhere to methadane
or buprenorphing maintanange treat
mient.'"’

Each nursery should adapt a protocal
for the evaluation and management of
negnatal withdrawal, and staff should
be trained in the correct use of an
abstinence assessmert tool. In a re-
cant survey of accredited US nea
natolagy fellowship programs, anly
53% had implemented a written BAS
protocol, and only 5% wsed a pub
lished abstinence scaring systern. ™

RATIONALE AND COMPARATIVE
EVIDENCE FOR PHARMACOLOGIC
TREATMENT

Drug therapy is indicated to relieve
rmoderate to severe signs of NAS and ta
prevent comglicabions such as fever,
weight lass, and seirures if an infant
does nat respond to & committed
program of nonpharmacologic sup:
port. Since the introduction of the
abstinence scales in 1973, published
reports hawe docurmented that the
decision to initigte pharmagologic
treatrent has been based on single or
sarial withdrawal soores. However, no
studies to date have compared the wse
of different withdrawal score thresh-
olds far initiatingd pharmacolagic in-
tervertion an shortterm outcomes
leg, severity and durgtion of with:
drawal signg, weight gain, duration of
hospitalization, need for pharmaco:
logic treatment, or cumulative drug
exposure). Withdrawal from opioids
or sedativehyonotic drugs may be
[ifethreatening, but ultimately, drug
withdrawal w a selflimited process.
Unnecessary pharmacologic treatrment
will prolong drug epasure and the
duration of hagpitalization to the pas
sible detriment of maternalinfant bond-
ing. The anly clearly defined benefit of
pharmacologic treatrmant is the shart:
term amelioration of clinical signs.

Studies have not addressed whether
long-term morbidity related to neona-
tal drug withdrawal is decreased by
pharmacalagic management of affected
infants, or whether cantinued postnatal
drug exposure augments the risk of
neurgbehavioral and other morbidities.
It i possible that pharmatolagic ther
apy of the infant may introduce or re-
irforce a maternal disposition to refy
on drugs for the treatment of infant
discomfort or annaying behaviar

(linicians have treated BAS with a va-
riety of drug praparations, including
apioids (tincture of ogium, neanatal
marphing solution, methadane, and
paregoric), barbiturates (phenobar-
bital), Benzodiazepines (diazepam,
lorazeparn), claniding, and phenathia-
enes (chlorpromazing). Infarmation
pertinent to the use of these drug
préparationg in infants is well sume
marized in the previous Amérigan
kcademy of Pediatrics statemert™
Recent surveys hive documented that,
in gccard with the recommendations
of that statement, 84% af UK and 33%
af US clinicians uge an opioid (rmor-
phine or méthadone) &5 the drug of
first choice. The majority of practi-
tioners use phenobarbital as a second
drug if the apiate does not adequately
contral withdrawal signs. ™™ Daity
doses of morphine ranged from 024
miglkg per day to 1.3 mg/kg per day.’”
Paregaric i5 no longer used, because
it contains variable concertrations of
ather opioids, as well as taxie ingre-
dients such as camphor, anise ail, al-
tohol, and benzaic acid.™ The use of
diazepam has alsh fallen irta disfawar
because of a documented lack of effi
cacy compared with ather agents and
because of its adverse efects an infant
suck and swalaw refleees’

Mata-analyses of published trials re
dartling the pharmactloge treatrment of
neariatal withdrawal are available™'
In 2 Cothrane meta-anatyses, either an
apiod" or & sedative'™ drug treatment
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adopting appropriate infant position-
ing and comforting tochnigues (sway.
ing, rockingl, and providing frequent
small valumes of hypercaloric farmula
or hurman milk to minmize hunger and
allow for adeguate growth. Caloric
needs may be as high as 150 to 230
callkg per day because of increased
energy ependiure and lass of calories
from regurgitation, vomiting, andfor
loose staols.™"™ The infant needs
to be carefully observed to recagnize
faver, dehydration, or weight loss
promptly. The goals of therapy are to
ensure that the infant achieves ade-
quate sleep and nutrition to establish
a consistent pattern of weight gain
and begins to integrate into a social
ervironmant. Maternal screening for
comorbidities, suth as HIV or hepatitis
C virus infections and polydrug abuse,
needs to be pecformed. Additional
suppartive care in the form af intra-
venous fluids, replacement electro-
Iytes, and gavage feedings may be
nacessary to stabilize the infant’s con-
dition in the acute phase and obviate
the need for pharmacalogic interven-
tion. When passible, and if nat other
wise contraindicated, mothers who
adhere to a supervised drug treat
ment program should be encouraged
to breastfoed 5o long as the infant con-
tinues to gain weight. Breastfeeding or
the feading of human milk has been
associated with less severe NAS that
presents later and less frequently re-
quires pharmacokgic intervertion."™ ™
Methadone is present in very Kw con-
centrations in hurman milk. Cumula:
tiver daily intake of mathadone in fully
breastfed infants has been estimated
to range from 001 to 0.15 mgiday in
the first 30 days of life™ and 0.15 to
0.30 mifday between 30 and 180 days
of age.''™ Similarly, the amaunt of
buprénorphing exereted in human
rmilk 15 small. Although mare informa-
tion is needed to evaluate long-term
neurgdevelopmental outcome of in-
fants mepased to small guantities of
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buprenorphing, thare is no clear rea
son to discourage breastfeeding in
mathers who aghere to methadone
ar buprenarphire maintenance treat:
ment.”"

Each nursery should adopt a protocol
far the evaluation and maragement of
neanatal withdrawal, and staff should
be trained in the correct uge of an
abstinente assessment toal. In a re
cent survey of accredited US neo
natalogy fellawship programs, only
35% had implemented a written NAS
protocal, and only 63% used a pub-
lished abstinence scoring system.'™

RATIONALE AND COMPARATIVE
EVIDENCE FOR PHARMACOLOGIC
TREATMENT

Drug therapy is indicated to relieve
moderate to severe signs of NAS and to
pravent complications such as fever,
wiight loss, and seizures if an infant
doas not respand to a committed
pragram of norpharmacologic sup
port. Since the intraduction of the
abstinente scales in 1975, publishad
reports have documented that the
decision to intiate  pharmacolgic
traatment has been baged on single or
serial withdriawal scores. However, ng
studies to date have compared the use
af different withdrawal scare thresh
olds for indtiating pharmacalogic in
tervention on shortterm sutcomes
{ef. severity and duration of with
drawal signs, werght gain, duration of
hospitalzation, need for pharmaco
logic treatment, or curnulative drug
exposure). Withdrawal from opioids
or sedative-hypnotic drugs may be
lifethreatening, but ultimately, drug
withdrawal is a self-limited process.
Unnecessary pharmacalogic treatment
will pralong drug exposure and the
duration of hospitalization to the pos
Sible detriment of maternal-infant bond
ingl. The only clearty defined benefit of
pharmacalogic treatment is the short
term amelioration of elinical signs.

Studies have nat addressed whether
lang-term mariidity related to neana-
tal drug withdrawal i5 decreased by
pharmacolagic management of affected
infants, ar whether continued postnatal
drug exposure augmants the risk of
neurobehavioral and ather morbidities.
It is possible that pharmacolagic ther
apy of the infant may introduce or re-
inforce a raternal disposition to raly
on drugs for the treatment of infant
discomfort or annaying behavior, .
Clinicians have treated NAS with a va:
rigty of drug preparations, including
ppicids ftincture of opium, neonatal
marphing solution, methadone, and
paregoric), barbiturates (phenobar
bital}, benzodiazepines (diazepam,
larazepam), clonidire, and phendthia
zines (chlorpromazing). Information
pertinent to the use of these drug
pregarations in infants is well sum-
marized in the pravigus American
Academy of Pediatrics staternent.™™
Recent surveys have documented that,
in actord with the recommendations
of that staternent, 34% of UK and B3%
of US clinicians wse an apiodd [mar-
phing ar methadane) as the drug of
first chaice. The majority of practi-
tianers wse pherabarbital as a second
drug if the opiate does not adeguately
cantrol withdrawal signs. ™" Daily
doses of marphing ranged from 0.24
i/l per day to 1.3 mg/kg per dag.l."}
Paregoric i no longer used, bocause
it cantains wariable concentrations of
other apioits, as well a5 toc indre
dients such as camphor, anise o, al
cohol, and benzoic acid.™ The use of
diazepam has also fallen info disfavor
because of a documented lack of effi
caty compared with other agents and
because af its adverss effects an infant
suck and swallow refiexes. ™ "™
Meta-analyses of published trials re
garding the pharmacalegic treatment of
neanatal withdrawal are availabie ™"
In 2 Cochrane meta-analyses, ether an
oinid' " or & sedative™ drug treatment
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was cormpaned with a control treatment
that could in¢lude a nanpharmacologdic
ntervention, a placeba treatment, or
anather opioid andfor sedative drug.
The authors prospectively designated
4 primary dutcomes (failure of treatment
to cantrol withdrawal signs, incidence
aof seizures; survival; and neurodevel
aprnental sutcome) for meta-analysis.
Treatrent failure was defined vari
ausly a5 the inability of the treatment
to maintain abstinence scores within
a preset “safe” level andfor the need
to add anather drug therapy Some
studies did nat report primary out
comes and instead quantified secand
ary outcomis leg, duratian of treatrment,
duration of hospitalization, rate of
weight gain, etc).

Seven studies of opioid treatrment that
enrolled a total of 5B3 infants were
dentified between 1583 and ZD04.
Methodologic: flaws were common and
néluded quasirandam patient alloca
tion; substantial and often unexplained
differances in allocation of patients
to treatment groups; imbalances in
group characteristios after randomi
eation; failure to mask study treat
ments; and failure to mask outcome
measurerments. In the single study that
assessed oral morphing treatment
wersus supportive therapy only, 3 can
secutive Finnegan scores =B promp
ted institution of the intervention.
Mo significant effect of marghine was
found on the rate of treatment failure.
(Oral morphing significantly increased
the duration of treatment and the
wngth of hospital stay, but it did re
duce the number of days required to
regain birth weight and duration of
supportive care. Four studies com
pared treatment failures of opioids
[paregoric, oral marphine, or metha
donel with phenobarbitone™' ™'
Meither the meta-analygis nor any in
dividual study identified a significant
difference in treatment failure. One
study reported a lower incidence of
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seizurgg in the opioid (paregoric)
traatment grnup.m Na consistent
trends in secandary outcomes wera
observed, although 1 study reported
4 shorter duration af theragy in the
phenobarbitone compared with the
paregoric  treatmeant gruup."'" and
anather made the oppaste observa
tion when the apioid used was aral
murphinu.'? Three studies indvidually
and in combination reported signif

cantly lawer rates of treatment failura
in infants assigned to opioid (pare
garie or methadone) compared with
diazepam therapy™ ™'™ but did nat
define differences in secandary out
comes. No studies reported martality
or neuradevelopmental autcomes.

A sacond Cochrane review aralyzad §
trials invalving 305 infants published
between 1953 and 2002 in which sed

atve traatmant of NAS was cormpared
with @ nonogéoad therapy. Methadologic
tonterns were similar to the apioid
treatment trials. In the sole study of
phenobarbitane wersus supportive care,
nd difference in treatment failure was
faund, but treatment significantly in

creased the duration of therapy and
hospital stax'™ A small study that
allocated infants already treated with
diluted tingtwre of apium (DTD) ta phe:
nobarbitone as a second drug versus
nd additional treatment identified na
infants in either group with treatrment
failure but observed significant reduc
tions in the duration of hospitalization
(38 va 79 days) and the maximal daily
dose of apiid in the phenabarbitane
treated infants.™ Infants were dis
tharged from the haspital ance they
were no longer taking ogioids. How
ever, the mean duration of phenabar
bitone treatment was 3.5 manths. 0f
J studies that compared phenobarh

tone and diazepam treatment, 1 faund
4 significantly lawer rate of treat
ment failure in the pherobarbitane
group ™™ One study of phenabar
bitone versus chlorpramazing = tound

no differances in primary or second
ary autcarmes,

Since 2004, a nurnber of small studies
of varying methodalogic quality have
corpared pharmacologdic treatments.
In & prospective randomized double
masked study, Langenfeld et al'™
could nat identify differences in du
ration of treatrment, duration of hos
pitalization, or in weight gain (gfday)
in infants treated with either OTO o
oral marphing drops. A retraspective
study found na difference in langth of
hospitalization in infants with NAS
whi ware treated with methadane or
oral morphing solution, but did cor
relate higher maternal methadone
doses with langer lengths af stay.'g"
Etner et al'™ wxamined the incidence
of NAS in infants bore to mothers
mantained with mathatane, marphine,
or bugrenarphine and compared phe
nobarbital and aral morphing treat
mants in affected infants. Sidy-eight
percent of infants bom to mothers
maintained on methadone reguired
pharmacologic treatment at a mean
age of 58 hours, compared with B2%
of infants at a mean age of 33 haurs
in the morphine group and 21% of
infants at a mean age of 34 hours in
the buprénorphine group. The dura:
tion of treatment was significantly
shorter for infants wha received mar
phing carnpared with irfarts wha were
treated with phenabarbital. A random
ized camparisan trial of sublingual
buprenarphing versus neanatal agium
solution far the treatment of MAS
showed @ nongignificant reduction in
length of treatment and duration of
hospitalization in the buprenorghine
|gr|3|.|:~.mI Buprenorphing therapy was
will tolerated.

Claniding is an op-adrenergic receptor
agonist that has been used in cormbi
niation with an apigid or other drug in
older children and adults to reduce
withdrawal symptome. ™" Via a neg
ative feedback mechanism, cloniding
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reduces ONS sympathetic outhow and
pallates symptoms of autanamic ower
activity such as tachycardia, hyper
tengion, diapharesis, restlessness, and
diarrhea. Cessaton of cloniding traat
rment can result in a rebound
nornic activity. Reporte
with clonigine as a primary or
junctive treatment of NAS is limited
but promising. In a small case series,
G of 7 infants with NAS showed signif
cant resolution of signg when treated
with oral chanidine. ™ In a randarmized
double-masked controlled trial, Agthe
et o™ compared the efficacy and
safety of treating NAS with 070 plus
ordl claniding (1 pgikg every 3 hours)
versus D70 plus placeba in 80 infants
with prenatal exposure to methadone
andior henain. The comb har

apy significantly reduced the median
ength of treatment of all infants and
for infants expo to methadone,

but more infants in the DTO/cloniding
group required resumption of OTO
after initial discontinuation. The mean
total dose of morphine over the treat
ment course was ~B0% lower in the
&urnl:-lna:lun lI'L"..'p;' g'uuu No clini

weight gain or loss, hLdrl rate, or blood
pressure were gbserved. In another
cage series, oral cloniding was ad
rministered either as a primary or

n infarts on intravenous fentanyl o
nfants \’\-"H‘ natal exp
uul:.lLs " In all cases, ¢

th a combination of
nd chloral hydrate rather
nation of morphine and
phenabarbital ™
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A recently published case series fram
France that used a historical cohort
1ur # comparigan has suggested that
nt af NAS with the pheng
thiazing, chlarpromazing, as a single
drug may be mare five than treat
ment with marph pated
with aral marph
onger median durations of treatment
and hespitalization in camparisan with
nfants troated with chlorpromazine.
Mo adverse affects were reported.

QUTCOME

hssessment of potential kangderm
marbidity specifically attributable to
naonatal drug withdrawal and its
treatment is difficult to evaluate. Few
studies have fallowed drug-exposed
children beyond the first few years
af e, Confounding variables, such as
enviranmant and dysfunctional care-
givers, complicates the interpretation
af outcomes. In a small study, devel-
aprnental scores on the mental index
an the Bayley Scales of Infant Devel-
aprnent were not affected by the se-
wverity of withdrawal or the treatment
chasen.'* Mean seores on the Bayley
Scales of Infant Development wong
similar for all infants trested for
withdrawal, including those receiving
phenobarbital, paregori, ar a combina-
tion therapy. Scores of infants whose
withdrawal was too mild ta gualfy for
pharmacologic intervention were also
sirmilar.

Fourteen drug-esposed infants with
withdrawal-associated seizures were
reported by Doborczak et al™ The
abstinence scores for 5 of these
infants were <7 (the cutoff for treat
mentl; hence, they received na phar
macalagic therapy before the onset of
seigures. Thirteen of the 14 infants
were affspring of mothers enralled in
a methadane treatment prograrm; how
aver, the suctess of maternal treat-
ment was nat desoribed. Of the 14
infants with seures, 12 were available

far evalugtion at 1 year of age; resu'ts
of neuralogic axaminations were nor
mal in 9 of the 12 infarts evaluated.
EEG results were abnormal in 3 neo:
nates; however, subsequent EEGS far
7 of @ of these infants normalized
during fallow-up. Mean scores on the
Bayley Geales of Infant Developrnent
ware alsy narmal by 1 year of age,
similar to matched controls that were
drug exposed, but in wham withdrawal
associated seizures did nat develop™
Withdrawal-assaciated seirures seem
to bet primarily myocknic, to respand
to opiates, and to carry no ingreased
risk of poor outcome. Withdrawal-
associgted seizures in reanates arg
different from those associated with
uther causes. Based on the depressan
of nanepingphring and dopaming ab-
served with methadone axpasure in an-
imal madels, withdrawal seizures are
speculated to be attributable to low
wred levels of nevratransmitters,
The: normalization of the EEG and nor-
mal neurologic development are be
ligved to reflect recavery of mormal
neurotransmitter concertrations dur
ing early infancy Bandstra et a1’
have comgrehensively reviewed out
comes of infants ard toddlers wha
ware axposed prenatally to opioids
and cacaing.

MANAGEMENT OF ACQUIRED
OPIOID AND BENZODIAZEPINE
DEPENDENCY

One of the carnerstones in caring far
critically il children is to provide ad-
equate and safe analgesia, sedation,
amnesia, and anxialysis by using bath
pharmatalodit and nanpharmacologic
measures. Pharmacologic troatrnent
typically includes medications in the
opinid and benzodiazepine drug clas
ses. Howewer, if these drugs cannat
safely be discontinued within a few
days, physical dependence an 1 ar
bath of these classes of medication
can develap and manifest with signs
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and symptoms of withdrawal on acute
dosage reduction or cessation of
tharapy. Infants who underga complex
surgery, who reguire prolanged med-
wal intengive care for conditions such
as respratory failure or persistent
pulmanary hypertension, or wha are
supported with axtracorporeal mem-
brane oxygenatian (ECMD) therapy are
among those at greatest risk of ac-
quired drug dependency.

Bdtended treatrment with apioids via
continuaus intravensus infusion re-
sults in drug tolerance. Even short:
term opioid exposure alters the
nurmber and affinity of recaptors in key
neuronal centers so that an escala-
tion of the opioid infusion rate (which
produces an increase in opioid plasma
concentrations) becomes necessary to
achiewe the same physiolagic effect ™"
By itself, the developrnent of talerance
daes nat predict physical dependency
ar withdrawal™' Cumulatve exps
sure to fentanyl, quantified by the ta-
tal dose in milligrams per kilagram or
the number of consecutve days of
treatment, correlated with the likeli-
haod of withgrawal."**"*"** By using
a multiple legdistic regression analysis,
Arnold et al"™® faund that the duration
af ECMO therapy was an oven mare
pawarful predictor of withdrawal than
was cumulative fentanyl  exposure.
Katz et &' reported that among 73
mechanically ventilated children aged
1 woak to 22 manths (mean, B months)
who were treated far =24 haurs with
@ gontinuous fentanyl infusian, 13 of
23 children (57%) devloped withdrawal
as gefined by a Finnegan score 26, In
this praspective study, a curmulative fer-
tanyl spasure in excess of 23 mg/kg
ar 9 days of therapy was 100% pre-
dictive of withdrawal. Mare recently,
in & prospective study of 19 neanates
treated with fentanyl for & minimum
af 24 haurs, Daminguez et al' cocu
mented that a cumulative fentany| dose
2415 pdikg predicted withdrawal with
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0% sensitivity and T3% specificity
and that an infusion duration =8 days
was 90% sensitive and BT% specific
for withdrawal. In adults, concomitant
treatment with neuromuscular para:
Iytic agents or propofal far =24 hours
also ingreased the Dkeliboad of with
drawal.™ Signg and symptoms of wih-
drawal fram fertany! cormmence within
24 haurs of cessation of therapy.

The: refinement af pain management in
children over the past 2 decades has
witnessed an expansion of the use of
ogioids in the inbensive care setting.
A5 a result, mare children have been
treated for astual or potential with-
drawal symptoms as a comorbidity of
haspitaliztan. Fentany, & pure P-apioid
receptor antagonist, has becarne the
opivid of choice because of s rapid
onset of action, short duration of ef
fect {halflife of 0.5-1 hour), excellent
pabency, and minimal acute adverse
effects. However, fentany| has not been
dernanstrated to be safer or morg ef
fective than marphing for the provigian
of long-term analgesia. Indeed, 1 study
has reported that patients wha were
treated prospectively with a continu
ous marphing infusion during ECMO
experienced a significantly lawer need
for supplemental analgesia, @ lower
rate af dependency, and a shorter hos-
pital stay compared with & prévious
group of patients treated with fertany!
during EOMD.

Practitioners have employed a variety
of strategies to treat or, in high-rigk
patients, to prevent signs and syrmp-
torms of opioid withdrawal in infants
and children. Carr and Todres'
reported success with a gradual taper
of the opioid infusion rate. Children
who had received continwgus opioid
infusiong for more than a week re
guired 2 ta 3 weeks for completa
weaning. One disadvantage of this
approach was that intravenous access
had to be maintained for the entire
course of treatment. Tobias et a1’

wore armang the first investigators to
describe treatment of opioid with:
drawal by conversion o enteral
methadone. Mathadore was chosen
as the apioid of choice because of its
exgellent oral bioavailability (70%-
100%) and long halMife (19-41
hours), which allowed for lang inter-
vals between goses.* In this inttial
report, 3 symptomatic patients who
had been exposed to continuous or
balug apioids for up to 7 weeks ware
transitioned to a methadang regimen
of 0.1 mgdlkg, orally, every 12 hours.
Dose reduction by 10% to 20% of the
initial doge per week resulted in swg
cessful weaning in 4 to 6 weoks,

In 2000, Robertson and et a1

ported the outcomes of 10 children
B manths to 18 years of age wha had
receved =7 days of opioids (range, 7=
53 dayg). An amaunt of methadone,
equipotent to the existing daily fen:
taryl or morphing dose, was deter-
mined. This amount was reduced by
a factor of 6 because of the longer
halflife of methadone ta calculate the
initial total daily methadone dose.
Protacols specified 2 different wean
ind schedules, depending on whether
the patient had been treated with
opinids [fentanyl or marphing) for e
ther 7 to 14 days or for >14 days.
Treatment intervals were gradually
lengthened from every B haurs to av-
ery 24 hours when methadone was
distontinued. Outcomes of these pa-
tients were compared with recent
cantrol patients who had alsa been
treated with enteral méthadone but
not urder a standard protocal. Among
the protocol patients, there were no
treatrment failures. Weaning was ag
carnplished in a median of § days
[range, 510 caysl, which was signif:
icantly less than the median of 20
days (range, 3-31 daysl abserved in
the nonpratacal children. Congurrent
use of benzodiarepings occurred in B
of the protocol children, compared

paded from pediatrics.asppublications.org by guest on January 21, 2014
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LENGTH OF STAY (Days)

Length of Stay: Methadone exposed infants
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The standard approach: why?
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Intervention 1

Focus on non-pharmacologic care
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Length of Stay: Methadone exposed infants
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The standard approach: why?

® Medications

® NICU



Source: http://medicine.yale.edu







Source: http://adamandsarahcoats.blogspot.com



Intervention 2

Direct transfer to the general inpatient unit
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The standard approach: why?

® Medications
® NICU

® Finnegan Scores



SYSTEMS SIGNS AMD SYMPTOMS

High Pitched Cry
Continuows High Pitched Cry

Sleseps < 1 Howr After Feaeding

Slesps = 2 Houwrs After Feeding
Hyperactive Moro Retlex

Markedly Hyperactive Moro Reflesx
Bl Tremars Disturbed

Mloderate Severe Tremors Dlisturbed
Kild Tremors Undisturbed

Moderate Severe Tremaors IUndistursed

2lalslajiofiz|alals]slio] 12| DALYWT.

Imcreassad Muscle Tons

CENTRAL NERVOUS SYSTEM
DISTURBANCES

Excoriation (specify areal:

Kiyoclomnic Jerks

Generalized Conwvulsions

Sweating

Fewer « 101°F (39.370)
Fewer > 1019F (39.3°0)

Frequent Yawning (> 3-43 timeasfinter val)

Fartling

Masal Stuffiness

SneeFing (= 3-9 timessinterval)

klasal Flaring

METABOLIC VASOMOTOR/
RESPIRATORY DISTURBANCES

Rezpiratory Rate = 600 min
Respiration Rate = &0Smin with Retractions

Exceszive Sucking
Poor Feeding

Resquircgitatiom
Prajectile Yomiting

Loosa Stoals
Watery Stools

Wk -:.uuh.r-m-lu--*-m-—'u.m-m.;n,,—-mmumuwwmg
=
m

DISTURBANCES

GASTROINTESTINAL

TOTAL SCORE

SCORER'S INITIALS

SUMMARY

STATUS OF THERAPY

Adapted from Finnegan L. Neonatal abstinence syndrome: assessment and pharmacotherapy. MNeonatal Therapy: An update, FF
Rubaltelli and B. Granti, editors. Elsevier Science Publishears B.W. (Biomedical Divisicon]. 1386: 122-144



“The infant with a score of “7” or less was not treated with
drugs for the abstinence syndrome because, in our
experience, he would recover rapidly with swaddling and
demand feedings. Infants whose score was 8" or above
were treated pharmacologically”

Finnegan LP, et al. Assessment and treatment of abstinence in the infant of the drug- dependent mother.
Int Clin Pharmacol Biopharm. 1975;12(1—2):19-32



Intervention 3

Discontinuation of the Finnegan
Scoring tool and adoption of a
functional scoring approach



1)Can the baby eat?
2)Can the baby sleep?
3)Can the baby be consoled?



ESC Study

Analyzed 50 consecutive NAS babies admitted to our
general inpatient unit from March 2014 to August 2015

Assessed every 2-6 hours using the FNASS, but did not
guide management

Management decisions based on ESC



Outcomes

Proportion of infants treated with morphine vs.
proportion predicted to be treated with morphine using
the FNASS approach

Days the two approaches disagreed

FNASS scores the day after the two approaches disagreed



Results

80%

70%
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10%

0%

Proportion of Infants that Received Morphine

62%

12%

Received Morphine (ESC)

Would Have Received Morphine (Finnegan)

" NAS infants (n=50)



Results

On 78 days (26.4%) the ESC Led to LESS Morphine than
Predicted by The Finnegan

The following day, the average Finnegan score decreased by 0.9
points, and decreased in 69% of cases.

On 2 days (0.7%) the ESC Led to MORE Morphine than
Predicted by The Finnegan

In both cases the average Finnegan score increased by 1.7 Points
the next day



Results

- No readmissions
« No seizures

 No ICU transfers






The standard approach: why?

® Medications
® NICU
® Finnegan Scores

® Medication Dosing






Intervention 4

Decrease in morphine up to 3 times per
day



Intervention 5

PRN Dosing
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The standard approach: why?

® Medications

® NICU

® Finnegan Scores
® Medication Dosing

® Staff cares for the baby



4
eland, et al., JOGNN;«



How do moms feel?

® Addiction is misunderstood
® Guilty
® Judged

® Mistrusting of nurses



“His nurse was like *his muscles are
locking up because of his junkie mom’. |
didn’t want to visit, | would call before
and if that nurse was there, | wouldn’t
even go.



“...because we’re gonna leave and
he’s gonna cry and they’re gonna
leave him crying because they're
gonna be like, ‘you know what? His
parents are jerks!"”



Intervention 6

Empowering messaging









Old Protocol

New Protocol

Goal: suppress withdrawal
signs
NICU: Mom visits

Finnegan Scores: treat the
number

“supportive care”

“feed on demand”
Morphine

Surprise!

Staff takes care of infant

Goal: have infant function
as a normal neonate

Mother and child together

Eat/Sleep/Console: treat
the infant

SUPPORTIVE CARE
No feeding schedule
Meds on page 3
Prenatal preparation
Staff coaches parents
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% Treated with Morphine

Percent of NAS Patients Treated with Morphine

100.0%

90.0%

80.0%

70.0%

60.0%

50.0% % Treated with Morphine

40.0%

30.0%

20.0%

10.0%

0.0%
2003 2004 pYolo] 2006 2007 2008 pYolole} 2010 2011 2012 2013 2014 2015

Year

YALE- NEW HAVEN




Percent Treated

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

Percent Treated with Morphine

2008

2009

2010

2011

2012

Date

2013

2014

2015

2016

YALE- NEW HAVEN




Average Maximum Morphine Dose
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% Breastfeeding
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Total Cost ($)
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Additional Spread




Long-Term Outcomes




Challenges

e COVID
® Hospital doesn’t have a way to cohort mom and baby
® Still using Finnegan

® Culture change



COVID challenges

® Visitor restrictions
® Volunteerrestrictions
® COVID positive Moms




Hospital Can’t Cohort







Still Using Finnegan

Long lengths of stay and lots of meds
Purpose of treatment is to get the scores below threshold

Must disturb the infant and exacerbate signs of
withdrawal

Can be slow to respond

Powerful and potentially harmful meds to give to treat a
sneeze or a yawn



Culture Change

® Lone nut model



Conclusions

= Hugs before drugs
Empower families
Rooming-in
Non-Pharmacologic care as 1% line treatment
ESC approach
PRN meds

= 3 Keys to treatment
Mom is antibiotics
Pretend it is a baby
Treat the mom like a mom

= Ask why
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