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Abstract. Methadone is commonly prescribed for prevention of iatrogenic opioid abstinence syndrome (IOAS) in critically ill
children. However, there is a paucity of data on the recommended initial dosage requirements. Data was retrospectively col-
lected from January–December 31, 2008 and included demographics, methadone regimen, and IOAS symptoms. The primary
objective was to determine the initial methadone dosing utilized (i.e., mg/kg/day) and the impact that this had on the number
of dosage changes required for prevention of IOAS in patients < 18 yr within 72 hr following discontinuation of opioid contin-
uous infusion (CI). Secondary objectives included a comparison of methadone dose changes within 72 hr of intravenously
opioid discontinuation and opioid CI requirements based on initial doses above and below the median level (i.e., mg/kg/day).
Between-group analysis was performed using descriptive and inferential statistics. A step-wise regression was employed to
assess relationships between the initial dose (mg/kg/day) and several independent variables. Fifty-five patients were included
for analysis. The median initial dose was 0.84 mg/kg/day. The “low-dose” group included patients receiving < 0.84 mg/kg/day
(n = 27); the “high-dose” group included patients receiving ≥ 0.84 mg/kg/day (n = 28). The majority of patients (81.8%)
received doses every 6 hr. Twenty-three patients (41.8%) developed IOAS and required an increase in dose while six patients
(10.9%) required a decrease. No significant differences were found between groups. The cumulative and peak fentanyl CI doses
were the only significant predictors of total mg/kg/day dose of methadone (P < 0.01). The initial methadone dosage regimens
varied greatly in our patients. Approximately half required a change in their methadone dose. Based on our findings and a
review of the literature, there is not a one-size fits all approach for determination of the initial methadone dose. Adoption of
a consistent monitoring tool should be utilized for all children across the continuum of care to prevent IOAS and the over-
sedation noted with excessive methadone dosing.
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1. Introduction

Sedation and analgesia are important considera-
tions for children admitted to the pediatric intensive

care unit (PICU). A number of sedative/analgesic
regimens are used including continuous infusion
(CI) of opioids, benzodiazepines, ketamine, and dex-
medetomidine. In a recent survey of PICU fellow-
ship program directors regarding sedative/analgesic
practices by Twite et al. [1], the majority of respon-
ders reported that the two most common agents used
as part of sedative/analgesic regimens were fentanyl
and morphine.
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Prolonged opioid exposure has been associated
with iatrogenic opioid abstinence syndrome (IOAS)
following discontinuation. The incidence of IOAS in
neonates and children has been estimated between
35–57% [2–4]. Several risk factors for IOAS have
been identified and include extended opioid duration
(> 5–7 days), elevated total cumulative doses, rapid
tapering, and/or abrupt discontinuation [2,3]. IOAS
symptoms include central nervous system irritability
(e.g., anxiety, agitation, grimacing, sleep disturbance),
gastrointestinal dysfunction (e.g., vomiting, diarrhea),
and autonomic dysfunction (e.g., tachypnea, diaphor-
esis, and hypertension) [5]. These symptoms could
be associated with increased morbidity, prolonged
hospital stay, and patient discomfort [4].
There are a number of interventions that have

been utilized for opioid withdrawal including metha-
done, alpha-2 agonists, and transdermal fentanyl,
but there is not one accepted therapy for all patients
[6–8]. Methadone, a long-acting opioid agonist with
N-methyl-D-aspartate (NMDA) antagonist effects, is a
commonly used agent, and researchers have published
reports of methadone dosing strategies for prevention
of IOAS [9–17]. These strategies can be generally clas-
sified as a formula-based or dosing-based protocol. For
a specific patient, the initial methadone dose selected
would differ based on the specific protocol utilized.
Despite the use of these published protocols, some
patients have still required dosage adjustments for IOAS
symptoms. As a result, there is no standard consensus
on the initial methadone dose utilized to prevent or treat
IOAS in infants/children. Over the last several years,
prescribers in our institution have used various initial
methadones dosing for prevention of IOAS. The objec-
tive of this study was to determine the initial methadone
dosing utilized (i.e., mg/kg/day) and the impact that this
had on the number of dosage changes required within
72 hr following discontinuation of opioid CI.

2. Materials and methods

2.1. Study design

This was a descriptive, retrospective study of patients
< 18 yr of age from January 1, to December 31, 2008
who received enteral methadone for prevention of
IOAS. The study was conducted in a tertiary care aca-
demic hospital licensed for 230-beds, including 25-
PICU beds and 88-neonatal intensive care unit (ICU)
inpatient beds. Following Institutional Review Board

approval, patients were identified through the institu-
tion’s electronic database, Meditech (Medical Informa-
tion Technology, Inc., Westwood, MA). Patients were
excluded if they received methadone for treatment of
IOAS; this was defined as IOAS symptoms prompting
initiation of methadone. Other exclusion factors included
initiation of methadone for treatment of chronic pain/
palliative care and treatment of neonatal abstinence syn-
drome. In addition, patients with incomplete medical
records were excluded from data analysis.

2.2. Study objectives and data collection

Data were collected by two investigators (PNJ and
JLM). For each subject, a number of baseline data were
collected, including age at initiation of methadone, gen-
der, hospital and ICU length of stay, and diagnosis at the
time of admission (e.g., post-operative surgery/trauma,
septic shock/infection, pulmonary disease, other). Each
patient’s regimen for sedation and analgesia were
recorded in an effort to identify what agents were
received and to quantify opioid exposure. Specific data
were collected regarding the fentanyl CI regimen
including cumulative dose of fentanyl (µg/kg), peak rate
of fentanyl (µg/kg/hr), duration (days), and dose (µg/kg/
hr) immediately prior to fentanyl discontinuation. In
addition, the duration of overlap was also collected;
for the purpose of this study, this was defined as the
number of hours that the patient received the fentanyl
CI and methadone. In our institution, fentanyl is the
most common opioid analgesic agent prescribed for
sedation/analgesia. Therefore, for patients who may
have received other opioid agents, their dosage regimen
was converted to fentanyl and recorded (i.e., 10 mgmor-
phine given intramuscularly/intravenous [IV] = 0.1 mg
of fentanyl given intramuscularly/IV). In addition, data
were collected for the initial methadone dosage regimen
including initial dose (mg/kg/dose and mg/kg/day),
initial dosing interval, and requirement for adjustment
of initial dose (e.g., increased, decreased, no change).
Concomitant use of an enteral diazepam taper for pre-
vention of withdrawal following prolonged use of ben-
zodiazepine CI was also noted.

Data were also collected to assess development of
IOAS. The physicians’ and nursing’s progress notes
were reviewed for symptoms of IOAS recorded within
72 hr following the last dosage reduction/discontinuation
of the fentanyl CI [9]. Symptoms that were evaluated
included dilated pupils, diarrhea, gastrointestinal pro-
blems (i.e., regurgitation, emesis), increasedmuscle tone,
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seizures, tremors, inconsolable crying, agitation/irritabil-
ity, tachycardia (i.e., children < 1 yr of age-unexplained
heart rate > 40 beats/min from baseline for 10 min
> 1 yr of age-unexplained heart rate > 30 beats/min from
baseline for 10 min), and hypertension (unexplained sys-
tolic BP > 30 mmHg from baseline for 10 min) [10].
These symptoms must have been noted by the medical
team and required intervention (e.g., defined as greater
than one dose of a breakthrough opioid agent given to
alleviate IOAS symptoms in a 24 hr period and/or a
dosage increase in methadone) [9].
The primary objective was to identify the initial

methadone dosage regimen (i.e., mg/kg/day) and the
requirement of dosage adjustments (e.g., increase or
decrease) within 72 hr following discontinuation of
opioid CI. Due to heterogeneity in initial dosing require-
ments, patients were arbitrarily sorted into “high” and
“low” dose methadone groups using the median initial
methadone dose (i.e., mg/kg/day). Secondary objectives
included a comparison between groups of the fentanyl
CI dosage requirements and types of concomitant seda-
tive agents required. Additionally, the number of dosage
adjustments was compared between groups. An attempt
was also made to compare the number of patients requir-
ing an enteral diazepam taper between groups.

2.3. Statistical analysis

Data were summarized using the mean, median,
and range for continuous data and percentages for
categorical data where appropriate. The arbitrary divi-
sion (i.e., median initial dose in mg/kg/day) was
selected to maximize the statistical power to compare
baseline demographics, IOAS symptoms, concomitant
sedation/analgesic agents, and methadone dosage
frequency/duration between the low-dose and high-
dose groups. Descriptive and inferential statistics were
performed using paired t-tests, Fischer’s exact test, or
Chi-square test when appropriate.
A linear regression analysis was employed to assess

relationships between initial methadone dose (mg/kg/
day) and selected independent variables including
cumulative fentanyl CI dose, peak fentanyl CI dose,
duration of fentanyl CI, dose prior to fentanyl CI dis-
continuation, and duration of overlap. A post hoc,
logistic regression was conducted to ascertain the
association of IOAS with several independent vari-
ables including duration of fentanyl CI, cumulative
fentanyl CI dose, peak fentanyl Cl dose, dose prior
to fentanyl CI discontinuation, and duration of

overlap. All data management and statistics were per-
formed using Stata 10 [18]. A P value < 0.05 was
considered statistically significant.

3. Results

3.1. Patient demographics

Ninety-six patients were identified (Fig. 1). Reasons
for patient exclusion included chronic pain/palliative
care (n = 11), neonatal abstinence syndrome (n = 3),
treatment of withdrawal (n = 11), incomplete records
(n = 9), or other (n = 7). Fifty-five were included in this
study with a median age of 0.5 yr (range 0.03–12.2)
with a statistically significant difference in the median
age between the low-and high-dose groups, 0.3 versus
1.1 yr respectively (P = 0.01) (Table 1). Of those
patients categorized as neonates (i.e., less than 30 days
old) (n = 7), all but one of these infants were full-term
and received methadone to facilitate fentanyl disconti-
nuation and prevent IOAS. Methadone was initiated in
one premature neonate (i.e., 24 wk-gestation) at a post-
menstrual age of 33 wk-gestation.

The median initial methadone dose per day was 0.84
mg/kg/day. The “low-dose” group included patients
with a dose < 0.84 mg/kg/day (n = 27); the “high-dose”
group included patients with a dose ≥ 0.84 mg/kg/day
(n = 28). Table 1 includes the baseline demographics
between the “high” and “low” methadone groups.
The only significant differences between groups were
age at the time of admission and weight.

Fig. 1. Sample flowchart.
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3.2. Sedative and analgesic exposure

Table 2 includes the data for fentanyl CI. Overall, the
patients in the “low-dose” group had significantly less
exposure (i.e., peak rate and duration) to opioids than
the “high dose” group. There was a statistically signifi-
cant difference in the mean cumulative fentanyl CI dose
between the low- and high-dose groups, 516.6 versus
1752 µg/kg respectively (P < 0.01). However, there
was no significant difference in the mean dose of the
fentanyl CI prior to discontinuation between the “low-
dose” and “high-dose” groups, 1.9 versus 2.3 µg/kg/hr,
P = 0.40. In addition, there was no significant difference
in the duration of overlap between groups.
The sedative and analgesic regimens of this cohort

are included in Fig. 2. Despite the relatively small
number of patients included in this study, there were

a number of different regimens utilized. The most com-
mon regimen for both groups included the combination
of a fentanyl CI and a benzodiazepine CI (e.g., midazo-
lam). It is important to note that patients received any-
where from one to four agents for sedation and
analgesia at any one time during their ICU stay. How-
ever, due to the heterogeneity in the patient population,
statistical analysis was not conducted between groups.

3.3. Initial methadone dosage regimen

A description of the initial methadone regimens is
found in table 3. Though not surprising, there was a sta-
tistically significant difference in the initial methadone
dose between groups. For a majority of patients, the
initial methadone dosage frequency was every 6 hr.

Table 1
Baseline demographics (n = 55)

Characteristics Low dose group
(< 0.84 mg/kg/day) (n = 27)

High dose group
(≥ 0.84 mg/kg/day) (n = 28)

P

n (%)

Male 18 (66.7) 17 (60.7) 0.20
Admitting diagnosis
Post-operative/trauma 9 (33.3) 12 (42.9) 0.17
Infection/septic shock 4 (14.8) 4 (14.3) 0.30
Pulmonary disease 12 (44.4) 10 (35.7) 0.18
Other 2 (7.4) 2 (7.1) 0.39

Median (range)
Age (yr) 0.3 (0.03–12.2) 1.1 (0.05–8.1) 0.01
Weight (kg) 5.0 (2.2–30) 8.7 (2.8–51.4) 0.01
Length of stay (day)
Intensive care unit
length of stay

15 (7–158) 20 (8–155) 0.90

Total length of stay 30 (7–158) 33.5 (9–167) 0.22

Table 2
Fentanyl continuous infusion regimen

Characteristics Low dose group
(< 0.84 mg/kg/day)

(n = 27)

High dose group
(≥ 0.84 mg/kg/day)

(n = 28)

P

Mean ± SD

Cumulative dose (µg/kg) 516.6 ± 301.4 1752 ± 1365.8 < 0.01
Peak rate of administration (µg/kg/hr) 3.6 ± 1.9 7.2 ± 4.0 < 0.01
Duration (hr) 252.5 ± 172.8 393.8 ± 331.4 0.04
Dose prior to discontinuation (µg/hr)* 1.9 ± 3.1 2.3 ± 2.1 0.4
Duration of overlap (hr)** 33.4 ± 37.7 67.2 ± 91.5 0.06

*Dose administered just prior to discontinuation of fentanyl continuous infusion.
**Number of hours that the patient received both the opioid continuous infusion and methadone prior to discontinuation of the opioid
continuous infusion.
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Twenty-nine patients (52.7%) required either a decrease
or increase in dose based on their clinical symptoms.
Twenty-three of these children (79.3%) required a
dosage increase to control their signs and symptoms of
IOAS. For the patients who required a decrease in
methadone dose, the most common reason was for
over-sedation. There was no significant difference in
the number of children requiring a dosage change
between groups.
Thirty-three patients (60%) received other agents in

combination with initiation of methadone. Thirty-two
patients (58.1%) received enteral diazepam for preven-
tion of benzodiazepine withdrawal. There was a signif-
icant difference in the number of patients receiving

diazepam tapers between the low and high methadone
dose groups, 12 versus 20, P = 0.03, respectively.
Although the specific tapering schedule with diazepam
was not recorded, consistently, the doses of methadone
and diazepam were reduced on an alternating schedule.
Of note, one patient in the “high-dose” group received
three days of enteral clonidine in combination with
methadone for prevention of drug withdrawal; after
this time, the clonidine was discontinued. Another
patient in the “high-dose” group received four days of
transdermal fentanyl in addition to methadone and dia-
zepam. After this period, the transdermal fentanyl was
discontinued, and the patient continued on a metha-
done and diazepam taper.

Fig. 2. Sedative/analgesic regimens.

Table 3
Initial methadone regimen (n = 55)

Characteristics Low dose group
(< 0.84 mg/kg/day) (n = 27)

High dose group
(≥ 0.84 mg/kg/day) (n = 28)

P

Mean ± SD

Dose
mg/kg/dose 0.1 ± 0.04 0.4 ± 0.3 < 0.01
mg/kg/day 0.5 ± 0.2 1.8 ± 1.0 < 0.01

n (%)
Initial dosing frequency

Q 12 hr 1 (3.7) 0 (0) 0.49
Q 8 hr 8 (29.6) 1 (3.6) < 0.01
Q 6 hr 18 (66.7) 27 (96.4) < 0.01

Dosage change
None 14 (51.9) 12 (42.9) 0.17
Increase 9 (33.3) 14 (50.0) 0.17
Decrease 4 (14.8) 2 (7.1) 0.23

Developed iatrogenic opioid
abstinence syndrome

11 (40.7) 12 (42.9) 0.21
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Although not a specific focus of this study, the dura-
tion of the methadone taper (i.e., duration of in-patient
and outpatient days of therapy) was collected in forty-
eight patients. Seven patients were not included for
analysis because they were discharged to a long-term
care facility without specific recommendations for
tapering (n = 4), had incomplete records (n = 2), or
expired (n = 1). There was a statistically significant dif-
ference in the mean duration of the methadone taper
between the low-dose (n = 23) and high-dose (n =
25) groups, 14.7 ± 9.2 versus 26.2 ± 11.5 respectively
(P < 0.01). Most patients had dose reductions of approxi-
mately 10–20% of the initial dose every 24–48 hr.
The reduction in dose and the interval at which the doses
were changed was prescriber dependent.

3.4. Regression analysis

A linear regression analysis was conducted (Table 4).
In this analysis, the dependent variable was the total mg/
kg/day dose of methadone. Because of the wide inter-
patient variability, several factors were included as inde-
pendent variables in the analysis to determine if any of
these factors were predictive of the initial starting dose.
The only significant predictors in this analysis were the
cumulative and peak fentanyl CI dose (P < 0.01). In the
post hoc logistic regression, the presence of IOAS
symptoms was the dependent variable. None of the
independent variables (i.e., duration of fentanyl CI,
cumulative fentanyl CI dose, peak fentanyl Cl dose,
dose prior to fentanyl CI discontinuation, and duration
of overlap) were significant predicators of development
of symptoms of IOAS in this cohort.

4. Discussion

This was a retrospective, descriptive study evaluat-
ing the initial methadone dosing and the impact that
the initial dose selected had on the number of dose
changes required in critically ill children for preven-
tion of IOAS. Many experts have suggested and/or
studied various dosing protocols [6,9–16,19]. Cur-
rently in our institution, a standard dosing protocol
has not been utilized. Therefore, the initial dose selec-
tion depends upon clinician discretion, and we did not
find an identifiable pattern with regards to initial dose
selection. Our cohort had a median initial dose of
0.84 mg/kg/day that was administered in the majority
of patients every 6 hr. Many of the previous research
reports have not provided specific details on the num-
ber of dosage increases and decreases required follow-
ing selection of the initial dose. In some of the studies,
it is hard to extrapolate the dosing frequency and mg/
kg dosing required, as these variables are not specifi-
cally reported. As a result, it can be difficult to apply
these results to clinical practice without this specific
information. In comparison to previous studies, we
also set out to report the number of dosage increases
and decreases required following initiation of metha-
done and to report the complete initial regimen (i.e.,
mg/dose, mg/kg/dose, and dosing interval).

There are two general approaches to methadone
dosing available from the literature (i.e., formula-
based and dosing-based protocols). One case report,
review article, and small retrospective study discuss
strategies for initial methadone dosing based on an
empiric dosage-protocol [9,15,20]. The initial dose
from these three reports ranges from 0.05–0.1 mg/kg/
dose every six or twelve hours. In a retrospective study
by Lugo et al. [9], the investigators evaluated twenty-
two children who received a fentanyl CI or equivalent
opioid for ≥ 9 days and a median cumulative fentanyl
CI dose of 1302 µg/kg (range 354–7535). All of
the patients received an initial methadone dose of
0.1 mg/kg/dose every 6 hr until their fentanyl CI was
discontinued. Their protocol had a strict tapering sche-
dule for the fentanyl CI with a 10–15% decrease in
infusion rate every 8 hr. The authors found that one
patient had documented IOAS requiring an extended
fentanyl CI taper and an increase in their methadone
dose. Their mean initial methadone starting dose was
0.5 ± 0.22 mg/kg/day reflecting the fact that seven
patients required an empiric dosage adjustment due to
a significantly higher cumulative fentanyl CI dose than
the other patients. The authors concluded that this

Table 4
Regression analysis

Variable Is the variable a
predictor of total

mg/kg/day required

P

Cumulative fentanyl CI dose Yes < 0.01
Peak fentanyl CI dose Yes < 0.01
Duration of fentanyl CI No 0.99
Fentanyl CI dose prior to

discontinuation*
No 0.48

Duration of overlap** No 0.56

CI = Continuous infusion.
*Dose administered just prior to discontinuation of fentanyl continuous
infusion.
**Number of hours that the patient received both the opioid continuous
infusion and methadone prior to discontinuation of the opioid continuous
infusion.
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dosing protocol may work for most patients but recog-
nized that patients with higher cumulative fentanyl CI
doses may require a higher dose to prevent IOAS.
Four formula-based approaches for methadone dos-

ing have been described in the literature and have been
formally evaluated [10–14,16]. In a case report, Tobias
recommended a formula-based approach where the
initial methadone dose was equivalent to total daily
fentanyl CI dose in mg/day administered every 12 hr;
however, a formal evaluation was not conducted [14].
A later retrospective study described the results from
this approach in 18 children [16]. In two different pro-
spective studies by Meyer and Berens [11] and Berens
et al. [12], the authors described the use of a formula
approach in 66 children where their initial methadone
dose equaled their fentanyl CI dose (µg/kg/hr) × 60
min × 2, administered every twelve hours. Whereas,
Robertson et al. [13] reported the results in a prospec-
tive study of ten children in the formula-based protocol
group who received an initial methadone dose that
equaled their hourly morphine or fentanyl CI dose
based on an equipotent dose conversion to methadone
administered every 6 hr [13]. Siddappa et al. [10]
retrospectively evaluated the use of a methadone
formula-based protocol in 30 children. Each patient’s
methadone dose was determined by calculating the
fentanyl CI daily dose (µg/kg) × 3, administered every
8 hr. In the studies by Siddappa et al. [10] and Robert-
son et al. [13], methadone was initiated via the IV route
on day 1 and changed to the enteral route on day 2 or 3,
with no dose adjustments when converting from the IV
to enteral route. All four reports describe different
methods for calculation of an initial methadone dose.
In our current study, we identified the median

initial methadone dose per day and arbitrarily chose
this dose as the dividing point to establish patients
above and below the median dose per day. Between
these two groups, we compared the number of
patients who developed IOAS and patients who
required subsequent changes in dose. Unlike some
of the formula-based approaches, the majority of
patients received enteral methadone administered
every 6 hr. Similar to the results by Lugo et al. [9],
the majority of patients in the high-dose group
received a median cumulative fentanyl CI 1442 µg/
kg with greater than nine days of fentanyl exposure.
However, the initial methadone dose in their cohort
was 0.5 mg/kg/day where as our cohort were
initiated on significantly higher median dose of
0.84 mg/kg/day. Our initial dose is difficult to com-
pare to the published protocols as none of the reports

describe the actual initial methadone dose per day or
dose per kilogram.

We noted a relatively high incidence of IOAS in
our patient population compared to the published
studies describing the utilization of methadone for
prevention of withdrawal. Based on our evaluation,
twenty-three children (41.8%) exhibited symptoms
and were treated for acute opioid withdrawal. In the
published studies evaluating both formula-based and
protocol-based approaches, the rate of IOAS follow-
ing initiation of methadone for prevention of withdra-
wal was approximately 4.5–30% [9–13,16]. Patients
with IOAS in these previously mentioned studies
received an increase in methadone dose or administra-
tion of a short-acting opioid for acute symptoms;
however, the authors report that in some cases the
withdrawal episodes were not clinically significant
and required no additional interventions. In contrast
to these studies, we only designated patients with
IOAS if they had both symptoms and received addi-
tional interventions to alleviate their symptoms (e.g.,
increase in methadone dose, administration of short-
acting opioid). It is difficult to determine why our
incidence of IOAS is higher than previous reports.
There a multitude of factors, that may have influenced
this finding in our cohort. Because there is no one
standardized approach utilized in the patients in our
study, some patients may have had too low of an
initial methadone dose in relation to their total fenta-
nyl exposure or had inconsistencies in the way that
their fentanyl CI was tapered off and overlapped with
methadone. Taking these factors in consideration, we
performed an ad-hoc logistic regression with IOAS
as the dependent variable but did not find any signifi-
cant predictors of withdrawal in the model.

Six patients (10.9%) required a decrease in dose,
but there were no significant differences between
groups. Based on our review of the previous studies,
only one study reported the need to decrease the initial
methadone dose based on the patient’s clinical status
(e.g., over-sedation) [16]. It is difficult to identify if
this finding is directly related to the methadone dose
itself or from other factors associated with the clinical
status of these patients due to their critical-illness.

Over half of our population was initiated on enteral
diazepam for prevention of benzodiazepine withdrawal.
Three published reports have described withdrawal
symptoms in children following abrupt discontinuation
of benzodiazepine CI [21–23]. Based on these reports,
the overall incidence of withdrawal is estimated at
17–24% which is lower than that reported for opioid
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withdrawal [21,22]. A potential confounding factor in
this study is that benzodiazepine withdrawal symptoms
could have been mistaken for opioid withdrawal. How-
ever, based on our strict criteria for defining IOAS, all
patients had to exhibit documented symptoms of IOAS
and required an intervention (e.g., breakthrough opioid
or increase methadone dose). In review of the medical
records, all patients appeared to respond to this interven-
tion based on the clinician assessment. In addition, in
this patient cohort, enteral diazepam and methadone
were tapered on alternating days allowing the clinicians
to observe the effects of a decreased dose in one agent
versus the other.

4.1. Limitations

There are several limitations to our study that must
be considered. The data in this study was collected
retrospectively, and no one standardized evaluation
tool was utilized to assess for IOAS. However, we
used a very strict definition of IOAS that included
both specific symptoms and requirements for inter-
vention. As previously mentioned, we do not cur-
rently have a standardized approach to determine the
initial methadone dose. This made an assessment of
outcomes difficult to interpret. Thus, we arbitrarily
chose the median initial methadone dose per day to
maximize statistical power to compare outcomes
between groups. It is not clear if selection of a differ-
ent breakpoint would have resulted in significant dif-
ferences in IOAS and number of patients requiring
dosage changes. However, the post-hoc regression
analysis suggested no specific relationship between
the methadone dose and development of IOAS. Our
final limitation is that this was a small study in a sin-
gle academic medical center, but our study size was
comparable to the other published reports.

4.2. Implications

Based on a review of the literature and the results
of this study, there are several take-home points to
be noted. First, a specific monitoring tool to assess
for opioid withdrawal should be utilized. Second,
clinicians should adopt one specific protocol at their
institution to select the initial methadone dose. A con-
sensus among prescribers should utilized to ensure
that children are assessed with the same monitoring
tool and dosed according to the same protocol

regardless of the patient’s age and across the conti-
nuum of care (i.e., ICU versus general wards). By
initiating these efforts, children with prolonged opioid
exposure may have diminished morbidities associated
with IOAS including general discomfort and hospital
stay.

In regards to the selection of the type of protocol that
should be adopted, it is our opinion that dosing-based
protocols would be preferred over formula-based proto-
cols in critically ill children for the following reasons.
First, four formula-based protocols have been described;
all four methods have very different approaches with
varying success. Next, these formula-based protocols
utilize the equipotent dose from IV opioids to metha-
done based on half-lives based on population averages.
Due to the likelihood of altered renal and hepatic func-
tion in critical illness, these population averages may
underestimate the true half-life of these agents. For
example, different half-lives of fentanyl CI were found
in perioperative children versus critically-ill children
[24,25]. If these differences were not assessed, then
the calculated dose would exceed the dose needed and
would prolong the duration of the opioid taper. Because
analgesia is not the goal in this case, it seems prudent
that the lowest dose possible should be utilized to pre-
vent physiologic withdrawal symptoms rather the equi-
potent analgesic dose. One reasonable approach for
patients with low-risk factors (i.e., cumulative fentanyl
CI dose ≥ 1.5 and < 2.5 mg/kg and duration of fentanyl
CI ≥ 5 and < 9 days) is to initiate methadone at 0.1 mg/
kg/dose every 6 hr. For patients with high-risk factors
(i.e., cumulative fentanyl CI dose ≥ 2.5 mg/kg and dura-
tion of fentanyl CI ≥ 9 days), methadone can be initiated
0.2–0.4 mg/kg/dose every 6 hr. Clinicians should be
mindful that regardless of the initial dose utilized that
patients may require more or less drug based on their
individual pharmacokinetic variables, drug interactions,
and/or drug-disease interactions. This is evidenced by
the fact that despite the use of previously published pro-
tocols, up to a third of patients still exhibited signs of
IOAS. Thus, there is not a one-size fits all approach that
will work for all patients.

In conclusion, this study describes the initial dose
selection of methadone in one institution without a
current standardized approach. The median dose iden-
tified in this cohort was 0.84 mg/kg/day most often
divided every 6 hr. Approximately 40% developed
IOAS and 10% required a decrease in dose with no
differences noted between those above and below
the median dose per day. Based on our findings and
a review of published literature, there is not a one-size
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fits all approach for determination of the initial metha-
done dose. Adoption of a consistent monitoring tool
should be utilized for all children across the conti-
nuum of care to prevent IOAS and the over-sedation
noted with excessive methadone dosing.
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