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ARTICLE

Use of Methadone for Prevention of Opioid
Withdrawal in Critically Ill Children
Sonia A Jeffries, Rumi McGloin, Alexander F Pitfield, and Roxane R Carr

ABSTRACT
Background: Opioids are commonly administered to critically ill 
children for analgesia and sedation, but many patients experience opioid
withdrawal upon discontinuation. The authors’ institution developed a
protocol for using methadone to prevent opioid withdrawal in children
who have received morphine by continuous IV infusion for 5 days or
longer in the pediatric intensive care unit (PICU). 

Objectives: The primary objectives were to determine if opioids were
tapered according to the protocol and to determine the conversion ratio
for IV morphine to oral methadone that was used. Secondary objectives
were to describe the methadone dosage used and the clinical outcomes,
to evaluate adjustments to methadone dosing, and to report the 
incidence of adverse effects. 

Methods: A retrospective analysis of charts was conducted for pediatric
patients who had received morphine by continuous IV infusion for 5
days or longer followed by methadone in the PICU between May 2008
and August 2009. Validated scoring systems (the Withdrawal Assess-
ment Tool and the State Behavioral Scale) were used to assess symptoms
of withdrawal and degree of sedation, respectively. 

Results: Forty-three patients were included in the study, with median
age of 8 months (range 0.25–201 months). For 31 patients (72%), the
protocol was not used, and there were no patients for whom the 
protocol was followed to completion. The median duration of weaning
was 10 days (range 0–91 days). The conversion ratio for IV morphine to
oral methadone was 1:0.78 for anticipated 5-day weaning and 1:0.98 for
anticipated 10-day weaning. During the first 10 days of weaning, 18
patients (42%) experienced withdrawal symptoms. The methadone dose
was increased for 11 (26%) of the 43 patients. Patients were sedated for
a median of 1 day (range 0–9 days), were comfortable for a median of
6.5 days (range 1–64 days), and were agitated for a median of 2.5 days
(range 0–23 days). Naloxone was required for 2 patients. 

Conclusions: The institution’s methadone protocol was not followed
consistently during the study period, and practices for transitioning from
morphine by continuous IV infusion to methadone with tapering were
also inconsistent. Further studies are needed to determine the optimal
conversion ratio for morphine to methadone and the optimal tapering
regimen to minimize withdrawal symptoms and adverse events.
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RÉSUMÉ
Contexte : Les opioïdes sont souvent administrés aux enfants gravement
malades pour l’analgésie et la sédation, et beaucoup de ces patients
subiront un syndrome de sevrage des opioïdes à l’arrêt du traitement.
L’établissement des auteurs a développé un protocole d’utilisation de la
méthadone pour prévenir le syndrome de sevrage des opioïdes chez 
les enfants qui ont reçu de la morphine par perfusion intraveineuse (i.v.)
continue pendant cinq jours ou plus dans une unité de soins intensifs 
pédiatriques (USIP). 

Objectifs : Les principaux objectifs étaient de déterminer si l’on 
diminuait graduellement les doses d’opioïdes selon le protocole et de 
déterminer le rapport de conversion de la morphine i.v. à la méthadone
orale qui était utilisé. Les objectifs secondaires étaient de délimiter la
posologie de la méthadone utilisée et les résultats cliniques, d’évaluer 
les ajustements posologiques de la méthadone et de constater l’incidence
d’effets indésirables. 

Méthodes : On a mené une analyse rétrospective des dossiers médicaux
des enfants qui avaient reçu de la morphine en perfusion i.v. continue 
pendant au moins cinq jours, suivie de l’administration de méthadone,
dans l’USIP entre mai 2008 et août 2009. On a utilisé des systèmes de
notation (le Withdrawal Assessment Tool et le State Behavioral Scale) pour
évaluer les symptômes de sevrage et le degré de sédation, respectivement. 

Résultats : Au total, 43 patient ont été inclus dans l’étude; leur âge 
médian était de 8 mois (étendue : 0,25 à 201 mois). Le protocole n’a pas
du tout été utilisé chez 31 (72 %) patients et n’a pas été suivi jusqu’à la fin
chez aucun patient. La durée médiane du sevrage a été de 10 jours 
(étendue : 0 à 91 jours). Le rapport de conversion de la morphine i.v. à la
méthadone orale était de 1:0,78 pour une période de sevrage prévue 
de cinq jours, et de 1:0,98 pour une période de sevrage prévue de 10 jours.
Pendant les 10 premiers jours du sevrage, 18 (42 %) patients ont 
éprouvé des symptômes de sevrage. La dose de méthadone a été augmentée
chez 11 (26 %) des 43 patients. Les patients ont souffert de sédation 
pendant une période médiane de 1 jour (étendue : 0 à 9 jours), étaient 
confortables pendant une période médiane de 6,5 jours (étendue : 1 à 64
jours) et étaient agités pendant une période médiane de 2,5 jours (étendue :
0 à 23 jours). Deux patients ont dû recevoir de la naloxone. 

Conclusions : Le protocole d’utilisation de la méthadone à l’établissement
des auteurs n’a pas été suivi systématiquement durant la période de l’étude.
Les méthodes de transition de la morphine administrée par perfusion i.v.
continue à la méthadone à doses dégressives étaient irrégulières. D’autres
études sont nécessaires pour déterminer le rapport de conversion optimal
de la morphine à la méthadone et le schéma dégressif optimal pour 
minimiser les symptômes de sevrage et les effets indésirables.

Mots clés : méthadone, soins intensifs, pédiatrie, opioïdes, sevrage

[Traduction par l’éditeur]
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INTRODUCTION

Opioids and benzodiazepines are commonly administered
by continuous IV infusion in the pediatric intensive care

unit (PICU) to manage symptoms of pain and anxiety, to 
provide sedation adequate to prevent accidental self-extubation
and removal of catheters, and to reduce the morbidity associated
with inadequate management of distress.1-3 Many critically ill
children receive large doses of opioids and benzodiazepines over
extended periods of time.

The probability of a patient experiencing withdrawal
symptoms upon discontinuation of a medication increases with
the cumulative dose and duration of therapy.2,4 Opioid 
withdrawal has been reported to occur after as few as 3 days of
exposure by continuous IV infusion.5 Katz and others6 report-
ed that children who received a continuous infusion of fentanyl
in the PICU for more than 5 days had a greater than 50%
chance of experiencing signs and symptoms of withdrawal.
Receiving an infusion for 9 days or longer was 100% predictive
of development of signs and symptoms of withdrawal.6

Opioid withdrawal syndrome may be difficult to diagnose,
because issues such as inadequate analgesia or sedation, 
“ventilator-associated distress, and delirium can produce over-
lapping symptoms. Various scales for assessing withdrawal have
been created in an attempt to distinguish opioid withdrawal 
symptoms from other effects.7,8 Commonly reported signs and
symptoms of opioid withdrawal include agitation, irritability,
fever, sweating, tremors, ataxia, dilatation of the pupils, visual
and auditory hallucinations, frequent yawning, sneezing, 
high-pitched cry, hypertension, tachycardia, tachypnea, poor
feeding, vomiting, and diarrhea.8,9 Various strategies have been
used in attempts to prevent opioid withdrawal, such as pain
assessment tools, adjunctive nonopioid analgesia, and non-
pharmacologic methods to reduce the total amount of opioid
medication used during periods of acute pain. When opioid
analgesia is no longer required, other strategies include daily
tapering of the dose (by 5% to 10% of the total daily dose) and
use of long-acting medications such as methadone.2

The safe and effective use of methadone to wean children
from opioids after long-term use in a critical care setting has
been reported in several small studies.3,10-14 Methadone has sev-
eral advantages over other oral opioids: it may be administered
at longer intervals (every 6 to 12 h versus every 3 to 6 h for oral
morphine); it is available in a liquid formulation; and it is well
absorbed orally, with a bioavailability of about 70%–80%.15-17

In addition, methadone has a long half-life (15–60 h), and the
half-life increases with repeated dosing.11,18,19 Because of the risk
of accumulation and associated toxic effects, the dosing interval
should be extended (e.g., from every 6 h to every 8 h) after the
first 24 h of therapy.16 Despite the advantages of methadone, its
pharmacokinetics and pharmacodynamics have not been well
defined in children and are complicated by various disease
states; by other medications; by the pharmacogenomic variabil-

ity of the cytochrome P450 system; and by differences in body
composition, metabolism, and clearance related to the child’s
age.16,19 Another safety concern is the association of methadone
with prolongation of the QTc interval, which led the US Food
and Drug Administration to issue a warning in 2006.20

At the authors’ institution, morphine (administered by
continuous IV infusion) is the standard opioid used for 
analgesia and sedation in the PICU. In May 2008, a protocol
for using oral methadone to wean patients who have received
morphine by continuous IV infusion for longer than 5 days was
developed and implemented. According to the protocol,
patients are to be weaned with tapering over 5 days (20% of
original dose per day) or 10 days (10% of original dose 
per day), depending on the duration of continuous morphine
infusion. 

There is great variability in dosing of methadone in 
children, likely because of the paucity of data concerning use of
this drug in this population. In particular, little information is
available regarding the equivalence of IV morphine and oral
methadone dosages in critically ill children, nor are the optimal
weaning rate and frequency for critically ill children clear. This
study aimed to describe the institution’s experience with
methadone for weaning opioid-dependent children in the
PICU. The primary objectives were to determine if tapering
proceeded according to protocol for patients who received
methadone in the PICU and to determine the conversion ratio
for IV morphine to oral methadone that was used. The 
secondary objectives were to describe the methadone dosage
used and the clinical outcomes, to evaluate the adjustments to
methadone dosage made by physicians to control symptoms of
withdrawal or toxicity, and to report the incidence of adverse
effects. 

METHODS

The study unit was the 22-bed PICU of the BC Children’s
Hospital in Vancouver, British Columbia, which provides 
medical and surgical care to about 1700 critically ill infants and
children annually.

The medical records of patients who received a continuous
IV infusion of morphine followed by methadone in the PICU
were evaluated retrospectively. Patients were identified through
the institution’s pharmacy database. Patients 18 years of age or
younger who received a continuous infusion of morphine for 
5 days or longer and who received methadone for weaning
from the opioid in the PICU between May 1, 2008, and
August 31, 2009, were included. Patients were excluded if they
had received methadone after continuous infusion of fentanyl
or hydromorphone or if they had received methadone for
neonatal abstinence syndrome. 

The following information was collected for each patient:
demographic characteristics, medical problems, concomitant
medications, description of continuous infusion of morphine,
conversion ratio for morphine to methadone, duration and
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description of methadone weaning schedule, assessment of
sedation with the State Behavioral Scale,21 and assessment of
withdrawal symptoms with the Withdrawal Assessment Tool
(WAT-1).22 If no State Behavioral Scale score and/or WAT-1
score was recorded in the patient’s chart, a single designated
investigator (S.A.J.) estimated the score (or scores) from the
patient care flow sheet and medical record. The total amount of
morphine that each patient received before weaning (total
exposure) was calculated and divided by the number of days the
patient was receiving morphine to determine the daily dose.
Adverse drug reactions were assessed primarily by prolongation
of the QTc interval and by the State Behavioral Scale score.

Descriptive statistics were used to report patient demo-
graphic characteristics, laboratory data, and outcome measures.

RESULTS

The database search identified a total of 71 patients as 
having received a continuous morphine infusion followed by
methadone in the PICU between May 1, 2008, and August 31,
2009. Of these, 43 patients met the inclusion criteria (Figure 1).

Patients ranged in age from 1 week to 17 years, and about
two-thirds were boys (Table 1). The most common reasons for
admission to the PICU were respiratory failure (18 patients

[42%]), postoperative congenital heart disease (14 [33%]),
brain injury (4 [9%]), and septic shock (3 [7%]). Fifteen (35%)
of the patients also had one or more additional clinically 
significant medical problems, including renal failure in 8
patients (19%), requirement for extracorporeal life support in
6 patients (14%), heart arrhythmia in 4 patients (9%), in utero
exposure to opioids in 1 patient (2%), and heart transplant in
1 patient (2%). None of the patients had evidence of liver 
dysfunction. Twenty patients (47%) received medications with
documented interactions with methadone (Table 2).23

The median daily dosage of opioid in morphine 
equivalents was 0.79 mg/kg among patients eligible for 5-day
weaning and 0.71 mg/kg among patients eligible for 10-day
weaning (Table 3). The median duration of opioid use before
initiation of methadone for both groups combined was 9 days
(range 5–24 days). According to the protocol, the dosage of
methadone on day 0 is to be based on the amount of morphine
received in the 24 h preceding conversion. In this study, the
median amount of morphine received in the 24 h preceding
conversion was 0.75 mg/kg (range 0–2.82 mg/kg). For one
patient, the administration of morphine was stopped after
more than 5 days of continuous IV infusion, with the
methadone weaning protocol being started more than 24 h
later, when the patient started to experience withdrawal symp-
toms. As such, this patient had received no opioids within the
preceding 24 h. Among all patients, bolus doses of morphine
accounted for a median of 7.2% (range 0%–66%) of the 24-h
dose preceding initiation of methadone. 

Patients identified
n = 71

Received continuous infusion 
of morphine for < 5 days

n = 12 

Received methadone for 
chronic pain or palliative care

n = 8

Did not receive methadone
n = 4

Received continuous infusion 
of fentanyl or hydromorphone 

before methadone
n = 2

Received methadone for 
neonatal abstinence syndrome

n = 1  
Patient information 

not available
n = 1 

Patients included in analysis
n = 43

Figure 1. Identification of pediatric patients meeting
inclusion criteria for study of methadone following 
continuous IV infusion of morphine. The initial group of
potentially eligible patients was identified by searching the
pharmacy’s patient database for patients who received 
5 days of opioid therapy followed by methadone; subse-
quent examination of patients’ medical records revealed
that some of the patients had not actually received the
drugs recorded in the computer system.

Table 1. Demographic Characteristics of 43 Patients

Characteristic Median (Range)* 
Age (months) 8 (0.25–201)
Male sex, no. (%) 27 (63)
Weight (kg) 6 (2.3–70)
Length of stay (days)

In PICU 17 (5–188)
In hospital 26 (12–246)

PICU = pediatric intensive care unit.
*Except as indicated otherwise.

Table 2. Medications Known to Interact with
Methadone23 That Were Administered to Patients 
in the Study

Medication No. (%) of Patients*
(n = 43)

Dexamethasone 13 (30)
Fluconazole 3 (7)
Phenytoin 3 (7)
Phenobarbital 2 (5)
Rifampin 2 (5)
*A total of 20 patients received one or more medications
known to interact with methadone.
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For 31 patients (72%), administration of methadone did
not follow the protocol, primarily because the conversion ratio
used was different from the protocol-specified ratio of 1:1 (i.e.,
1 mg morphine to 1 mg methadone) for 29 patients (67%). For
7 patients (16%), the initial dosing interval was every 8 h
(rather than every 6 h). Even among the 12 patients for whom
the protocol was initiated, it was not followed to completion.
The ratio of IV morphine to oral methadone was close to the
recommended 1:1 ratio for the 11 patients (26%) eligible for
10-day weaning (ratio 1:0.98), but less methadone than 
recommended was used for the 32 patients (74%) eligible for
5-day weaning (ratio 1:0.78) (Table 3). Among all patients, the
median duration of weaning was 10 days (range 0–91 days).
Those eligible for 5-day weaning were tapered over a median of
9 days (range 0–48 days); those eligible for 10-day weaning
were tapered over a median of 15 days (range 7–91 days).

Patients with a WAT-1 score of 3 or above are considered
to be experiencing withdrawal symptoms.22 In this study, we

determined that 18 patients (42%) had a WAT-1 score of 3 or
greater at some point during the first 10 days of methadone
weaning, as described in further detail in Figure 2. During the
weaning period, an increase in methadone dose was required
for 11 patients (26%), one or more doses of methadone had 
to be held for 7 patients (16%), and a temporary switch to 
IV morphine was required for 4 patients (9%). Numerous
adjunctive medications were given throughout the methadone
weaning period (Figure 3).

One patient experienced prolongation of the QTc interval,
but monitoring by electrocardiography (ECG) was document-
ed for only 5 patients. According to the State Behavioral Scale,
patients were sedated (score ≤ –1) for a median of 1 day (range
0–9 days), comfortable (score = 0) for a median of 6.5 days
(range 1–64 days), and agitated (score ≥ 1) for a median of 2.5
days (range 0–23 days). For 2 patients (5%), administration of
naloxone was required.

Table 3. Total Opioid Use and Methadone Conversion Ratio

Patient Group; Median (Range)

Characteristic Patients Eligible Patients Eligible All Patients
for 5-Day for 10-Day (n = 43)

Weaning (n = 32) Weaning (n = 11)
Overall opioid dosage 0.79  (0.32–2.29) 0.71  (0.43–1.19) 0.77  (0.32–2.29)

(mg morphine equivalents/kg per day)*
Ratio of IV morphine to oral methadone 1:0.78 1:0.98 1:0.84

(1:0.32 to 1:1.24) (1:0.38 to 1:1.68) (1:0.32 to 1:1.68)
*Some patients received fentanyl or hydromorphone in addition to morphine.

Figure 2. Percentage of patients with Withdrawal Assessment Tool score of 3 or above in first
10 days of weaning. The number of patients for calculating these percentages (i.e., the
denominator) ranged from 23 to 43. 
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days), the median ratio of morphine to oral methadone was 1
mg to 0.78 mg, whereas for those eligible for 10-day weaning
(i.e., had received morphine by continuous IV infusion for
more than 10 days), the median ratio was 1 mg to 0.98 mg.
Although the reasons for not using the recommended 1 to 1
ratio are unclear, we speculated that bolus doses of morphine
received in the 24 h before conversion were not accounted for
by clinicians doing the conversion. 

This study revealed that bolus doses of morphine account-
ed for up to 66% of the total morphine dose in the 24 h 
preceding initiation of methadone. The weaning protocol states
that bolus doses should be included in the calculation of 
morphine exposure. The clinical significance of not including
bolus doses when converting to methadone could not be specif-
ically determined from this study but may partially explain the
rate of withdrawal symptoms seen in the first 24 h (day 0,
before weaning was initiated) (Figure 2). 

The protocol attempts to optimize the pharmacokinetic
and pharmacodynamic characteristics of methadone by speci-
fying that the dosing interval be adjusted after the first 24 h of
therapy (i.e., the equivalent daily methadone dose is initially
divided and given every 6 h, with the interval being extended,
to every 8 h, 24 h later). An interval of every 6 h is needed 
initially to ensure accumulation of methadone in the tissues;
otherwise, methadone’s duration of effect is unlikely to span the
entire 8 h of the longer dosing interval. In some instances, the
pharmacokinetic principles of methadone were not taken into
account; more specifically, 16% of the children were started on
methadone at a dosing interval of every 8 h. 

DISCUSSION

This study revealed that, during the defined study period,
the methadone weaning protocol developed by the study insti-
tution was not being followed in the PICU. The points of non-
compliance included initial conversion from IV morphine to
oral methadone and rate of subsequent decreases in dosage. 
The protocol specifies a 1:1 conversion ratio for IV morphine
to oral methadone, regardless of the duration of morphine 
therapy preceding conversion. Specification of this ratio in the
protocol was based on the conversion ratio for oral morphine
to IV morphine (3:1),24 the conversion ratio for oral morphine
to oral methadone (3:1),25 and clinicians’ prior experience with
these medications.

The conversion to methadone from other opioids is 
complicated by the complex pharmacokinetic profile and 
variable equianalgesic dose ratio for this drug.24-26 Numerous
approaches to guide conversion from another opioid to oral
methadone have been described in the literature; however, most
of the literature involves conversion from long-term IV fentanyl
infusion, and there is no consensus regarding the conversion 
factor. In addition, the documented methods of conversion are
inconsistent, for example, starting all patients (regardless of
prior opioid exposure) with the same initial oral methadone
dose of 0.1 mg/kg per dose every 12 h7,18 or conversion ratio for
IV fentanyl to oral methadone of 1 mg to 3 mg.15,18,25 The liter-
ature is also variable in terms of dosing interval for methadone,
dosing decrements (e.g., daily decreases or 20% decrease on a
weekly basis), and duration of weaning.3,9-14,26-28

In this study, for patients eligible for 5-day weaning (i.e.,
had received morphine by continuous IV infusion for 5 to 10

Figure 3. Use of adjunctive medications during weaning. Percentages were calculated on
the basis of all 43 patients in the study sample.
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remained controversial. During the study period, routine ECG
monitoring was not standard practice for patients receiving
methadone at the authors’ institution. Only 5 patients were
documented to have undergone ECG while receiving
methadone. The single patient who had documented 
prolongation of the QTc interval did not experience any 
clinically detrimental effects. 

Patients experienced more days of agitation (median 2.5
days) than oversedation (median 1 day) during the weaning
period; however, 2 patients required the use of naloxone. One
patient received naloxone on day 2 of the weaning period, had
a good response, and was able to complete the methadone
weaning period with lower doses. The other patient received
naloxone on day 1 of the weaning period, had a good response,
and received no further doses of methadone. The outcomes for
these patients highlight the highly variable pharmacokinetics
and pharmacodynamics of methadone.

This study had some limitations inherent to its retrospec-
tive design. The protocol had been in place for a relatively short
period at the time of the study, and only a small number of
cases were eligible for inclusion in the review. Some patient
information was incomplete or unavailable; therefore, the 
clinical rationale for changes made during the methadone
weaning period may not have been fully understood. A single
investigator used information available in the patient’s chart 
to estimate missing values for the State Behavioral Scale and 
the WAT-1, both of which are validated scoring systems.
Incomplete data were unlikely to have affected the WAT-1
scores, as the presence or absence of fever, loose stools, and
vomiting (used in the WAT-1 score) were always documented
in the patient’s chart. These key symptoms alone allowed for
the diagnosis of opioid withdrawal, since a WAT-1 score of 3 or
greater signified withdrawal. 

The methadone protocol was not followed to completion
for any patient. As such, the efficacy and safety of the protocol
could not be evaluated.

This study showed that the practice of weaning
methadone at the study institution was inconsistent during the
study period. The addition of regular patient assessments and
the implementation of standardized adjustments when symptoms
of withdrawal or toxicity are noted might improve the usability
of the protocol and increase the consistency of methadone
tapering. Further studies are needed to determine the optimal
conversion ratio of IV morphine to oral methadone, the ideal
duration of the methadone weaning period, and the weaning
rate and frequency that would minimize withdrawal symptoms
and adverse effects.
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