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OBJECTIVES The purpose of this study was to assess the appropriateness of weight-based dosing of
continuous intravenous infusion of fentanyl in overweight/obese versus normal-weight children admitted

to the pediatric intensive care unit (PICU).

METHODS This retrospective, pilot study included 5- to 12-year-old children admitted to the PICU over a
2-year period who received continuous intravenous infusion fentanyl for > 4 days. The overweight/obese
group included children with a body mass index (BMI) > 85th percentile, while the control group included
children with BMI < 85th percentile. The primary objective was to compare the number of fentanyl
continuous intravenous infusion dosage changes required per day to achieve adequate sedation between
groups. Secondarily, opioid withdrawal symptoms following the discontinuation of fentanyl and
concomitant sedative/analgesic regimens were analyzed between groups. Student t tests and chi-square
analyses were performed as appropriate, with an a priori alpha of p<0.05.

RESULTS Sixteen normal-weight and 15 overweight/obese patients with 18 and 16 individual infusions
were identified, respectively. No statistical difference was found between groups for the number of dosage
changes per day, 0.92 versus 0.69 (p=0.16). Five patients in each group experienced withdrawal (p=0.71).
The total number of concomitant bolus doses received was greater in the overweight/obese group but did

not reach statistical significance.

CONCLUSIONS There was a numerical, but statistically nonsignificant difference in the number of
sedative/analgesic bolus doses and dosing changes per day between groups. Larger studies are warranted
to determine the optimal dosing strategy for continuous intravenous infusion fentanyl in overweight/obese

children.

Index Terms fentanyl, obese, overweight, pediatric
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BMI, body mass index; EMR, electronic medical record; MNWS, Modified Narcotic
Withdrawal Scale; PICU, pediatric intensive care unit

INTRODUCTION

Obesity is an increasing problem not only in adults
but also in children.'* The American Academy of
Pediatrics and Centers for Disease Control and
Prevention define obesity as a body mass index
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(BMI) > 95th percentile based on age and sex, and
overweight as a BMI > 85th to 94th percentiles in
patients 2 to 20 years of age.>* Data from the most
recent National Health and Nutrition Examination
Survey show that 31.7% of all children 2 to 19 years
of age have a BMI > 85th percentile based on age and
gender.” With such a large portion of the pediatric
population now classified as overweight, a reevalu-
ation of appropriate medication dosing in children is
necessary. A number of pharmacokinetic changes
have been reported in obese adults including
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increased volume of distribution for lipophilic drugs
and an increased rate of elimination for some
medications, such as vancomycin.s’6 To date, few
studies have evaluated pharmacokinetic changes in
overweight children.” Koshida et al’ noted that 6
obese children receiving tobramycin had a larger
than expected volume of distribution for the patients’
ideal body weight due to an increased water volume
in adipose tissue. Additionally, the clearance of
antineoplastic agents was found to be similar
between normal weight and overweight/obese chil-
dren.® However, there are limited pharmacokinetic
data regarding lipophilic medications in the over-
weight/obese pediatric population.

One medication with lipophilic properties com-
monly used for sedation and analgesia in pediatric
patients is fentanyl. According to a survey of
pediatric intensive care unit (PICU) fellowship
programs, fentanyl is the fourth most common
agent used for sedation or analgesia in the United
States.'® In obese adults, fentanyl is thought to
distribute throughout the body, including adipose
tissue.® Although these patients may require a larger
loading dose at the initiation of therapy, studies of
other lipophilic synthetic opioids in obese adults
have noted that obese patients may require de-
creased maintenance dosing.!' This is due to a
longer elimination half-life that results from a larger
volume of distribution in this population.'’ These
possible pharmacokinetic differences in obesity have
not been studied in children. However, with the
increasing number of overweight children, there is
potential for complications with fentanyl continu-
ous infusions due to these pharmacokinetic alter-
ations. Children who receive inappropriate doses
may be at greater risk for adverse events due to
accumulation of fentanyl and/or opioid dependence
upon rapid discontinuation. There also may be
concern for underdosing resulting in reduced
efficacy. To date, no studies have evaluated dosing
requirements of fentanyl continuous infusions in
overweight children. Based on the aforementioned
pharmacokinetic alterations noted in obese adults,
we assessed the clinical impact of these alterations in
children admitted to the PICU who were receiving a
continuous intravenous infusion of fentanyl. The
objective of this study was to assess the number of
infusion rate changes needed per day to achieve
adequate sedation for children 5 to 12 years of age
with a BMI > 85th percentile compared with
patients of normal weight.

METHODS

Study Design
This retrospective cohort study included data
from children 5 to 12 years of age admitted to a

tertiary care, academic medical center from January
1, 2007 through December 31, 2008 who received a
continuous intravenous fentanyl infusion for > 4
days. To assess for sign or symptoms of withdrawal,
patients receiving fewer than 4 days of fentanyl
infusions were excluded because the half-life of
fentanyl is approximately 21 hours (range, 11-36
hours).'? Katz and colleagues'® demonstrated that
50% of children given a continuous fentanyl
infusion for > 5 days experienced withdrawal
following discontinuation of the medication. Pa-
tients were identified using the electronic medical
record (EMR) (Meditech database. Medical Infor-
mation Technology, Inc, Westwood, MA). Patients
younger than 5 and older than 12 years were
excluded due to large physiologic variations in the
pharmacokinetic and pharmacodynamic properties
of many medications in these populations.'* The
volume of distribution for some medications is
markedly larger in neonates and infants due to
differences in body composition.'" Oftentimes
nonobese children require larger milligram per
kilogram doses than adolescents and adults due to
increased metabolism and elimination."* Thus,
children 5 to 12 years of age would provide the
most homogeneous group for analysis. Additional-
ly, patients were excluded if they had incomplete
EMR or if they received fentanyl via a patient
controlled analgesia device.

Height, weight, age, and sex were collected for
all identified patients and inputted into the Centers
for Disease Control and Prevention pediatric BMI
calculator.'® Patients with a BMI > 85th percentile
were included in the overweight/obese group, while
those with a BMI < 85th percentile were included in
the normal weight (i.e., control) group. Addition-
ally, patients were further divided into 4 BMI
subgroups reflecting underweight (< 5th percen-
tile), normal weight (5th-84th percentile), over-
weight (85th-94th percentile), and obese (> 95th
percentile).

Study Objectives and Data Collection

Baseline demographic data were collected for all
patients using the hospital EMR. Paper charts were
used as needed to collect data not found in the
EMR (e.g., progress notes and nursing records). In
addition to the previously mentioned demographic
data, race, admission diagnosis, and length of stay
were also collected. A Pediatric Risk of Mortality
(PRISM III) score, a common tool used to assess
pediatric mortality based on physiologic status, was
calculated for each patient.'® This score was used to
evaluate a patient’s initial mortality risk and to
assess homogeneity between the overweight/obese
and control group.
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Additional information was collected regarding
each patient’s sedation regimen. Supplementary
sedative agents were recorded for each patient
throughout the duration of their fentanyl regimen,
including continuous infusions of benzodiazepines,
dexmedetomidine, ketamine, neuromuscular block-
ers, and pentobarbital. The number of concomitant
and as needed sedative boluses per patient was also
collected. Each patient’s initial fentanyl loading
(mcg/kg; total mcg) and infusion rate (mcg/kg/hr;
total mcg/hr) doses, peak fentanyl dose (mcg/kg/
hr), number of dosing adjustments per day,
cumulative fentanyl dose (mcg), and duration of
fentanyl infusion (days) were recorded. Dosing was
evaluated based on recommendations included in
the Pediatric Dosage Handbook'” and from the
adult literature compared with the control group.'®

The primary outcome for each group was
defined as the number of fentanyl dosing changes
per day that were necessary to maintain adequate
sedation in each patient as determined by clinician
judgment. One secondary objective included the use
of concomitant sedatives and analgesics to maintain
adequate sedation. Withdrawal symptoms have
been shown to increase as the duration of infusion
and total cumulative dose increases.'® It is un-
known if there is a difference between the incidence
of withdrawal for normal weight and overweight/
obese children; hence, another secondary outcome
included withdrawal symptoms following the dis-
continuation of fentanyl.

The incidence of withdrawal was analyzed
retrospectively after the discontinuation of the
fentanyl infusion using the Modified Narcotic
Withdrawal Scale (MNWS)," as currently no
standardized tool is used to assess withdrawal at
the bedside. The MNWS includes 19 different
symptoms that are weighted for the severity (e.g.,
seizures = 6, lacrimation = 1). Significant withdraw-
al symptoms were scored as > 8 on the MNWS."
The MNWS scale was performed daily for 4 days
following discontinuation of fentanyl. Based on a
fentanyl half-life of 21 hours this allowed 4 to 5
half-lives for elimination of a majority of the
drug.'? To provide descriptive data pertaining to
treatment of withdrawal, the number of additional
PRN opioid analgesic doses was noted. Addition-
ally, the number of patients receiving preventative
treatment for drug withdrawal (e.g., methadone)
due to extended duration of therapy or elevated
cumulative dose was collected and analyzed.

Statistical Methods

Descriptive and inferential statistics were per-
formed. To assess the relationship between group
(BMI > 85th vs < 85th percentile) and the primary

and secondary outcome variables, independent
sample ¢ tests and chi-square tests were used for
continuous and categorical data, respectively. Data
management and analysis was conducted using
STATA for Windows version 10.1 (StataCorp,
College Station, TX).?® The a priori alpha was set
at p<0.05. Data that were not normally distributed,
due to a small sample size, were transformed in an
ad hoc analysis. A square root transformation was
performed on the individual data points for each
variable in question.

RESULTS

A total of 31 patients were identified representing
34 infusions (Figure). Fifteen patients with a total of
16 courses of continuous intravenous fentanyl
infusions were identified in the overweight/obese
group, of which 9 patients were classified as obese
(> 95th percentile). Sixteen patients with 18 total
courses were identified in the normal weight group.
The groups were well matched for age (Table 1).
There were no differences in length of stay, PRISM
IIT score, and duration of fentanyl infusions
between the 2 groups (Tables 1 and 2).

There was a numerical but nonstatistical differ-
ence between groups for the primary outcome of
dose changes per day (Table 2). Despite appropriate
weight-based dosing, it should be noted that the
initial infusion rate of 2 patients in the overweight/
obese group exceeded the maximal initial rate of
100 mcg/hr for adults.'® One of these patients was
opioid-naive and received 2 mcg/kg/hr; the other
was opioid-experienced and received 5 mcg/kg/hr.
There were no statistical differences between other
variables, including number of concomitant seda-
tive/analgesic agents and peak infusion dose. In
addition, the average infusion dose and duration
were comparable between groups. There was a
numerical difference in the total number of bolus
doses given, during the continuous intravenous
fentanyl infusion, between the overweight/obese
and control groups (Table 3).

In the assessment of withdrawal, 3 patients (i.e.,
1 control and 2 overweight/obese patients) expired
prior to discontinuation of fentanyl and were
excluded for evaluation with the MNWS (Table
4). The median score was similar between groups.
There was no statistical difference between groups
with a MNWS score > 8 (p=0.71). The use of
agents to prevent withdrawal was also similar
between groups (Table 4). Following discontinua-
tion of intravenous fentanyl, there was no statistical
difference in the mean PRN sedative or analgesic
bolus doses required between the overweight/obese
and control groups, 1.53 versus 1.47 doses (p=0.92).
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Patients 5-12 years-of-age

Admitted January 1, 2007-December 31, 2008

received continuous Intravenous fentanyl

(n=92)

> 4 days

No (excluded) Yes
(n=44) (n=48)

[ Patient Controlled Analgesia/Epidural ]

Yes (excluded)
(n=17)

No
(n=31)

Control
(n=16)

Overweight/Obese

(n=15)

<5" 5-84"
underweight normal weight
(n=7) (n=9)

85-94" 295"
overweight obese
(n=6) (n=9)

Figure. Flow chart of sample selection process.

An ad hoc analysis was performed. In this
analysis, the square root transformation of several
variables was performed due to the nonnormal
distribution of the data (Table 5). No statistical
significance was detected with these analyses
between groups.

DISCUSSION

Few studies have specifically evaluated pharma-
cokinetic changes and dosing requirements in
medications like fentanyl in overweight/obese chil-
dren. In a recent study, Miller and colleagues®
reported the prevalence of overweight children (5-

12 years of age) admitted to an inpatient institution
over a 6-month period and the likelihood of
inappropriate medication dosing in this population.
This study found that 33.1% of children were
classified as overweight/obese, in comparison to the
patient population of the current study where
48.4% were classified as overweight/obese. The
authors noted considerable medication dosing
errors in overweight/obese patients receiving anal-
gesics, which have a high risk for adverse effects
when dosed inappropriately.”?

In obese adults, pharmacokinetic properties of
medications have been noted. First, increased
adipose tissue and decreased lean body mass alter
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Table 1. Baseline Demographics

Normal Weight (n=16) Overweight/Obese (n=15) p Value
Age (years)* 85+ 25 85+ 28 0.60
Female 10 (62.5%) 6 (40%) 0.21
Weight (kg)* 26.4 = 12.7 39.7 £ 16.9 <0.01
BMI (kg/m?)* 15.6 = 2.89 287 = 15.1 0.001
Diagnosis
Trauma 2 4 0.44
Sepsis 3 6 0.54
Surgery 4 2 0.44
Other 7 3 0.34
Hospital length of stay (days)* 31.5 = 24.1 287 =119 0.62
PRISM Il score* 12.0 £ 5.3 8.7 6.8 0.21

BMI, body mass index
*mean * SD

the volume of distribution of lipophilic medications
in obese patients. In addition, phase I and phase II
metabolic reactions can be heightened in this
patient population. Last, increased kidney size
leads to higher glomerular filtration rates and
increased excretion of renally eliminated medica-
tions.® With these possible changes in mind, it is

Table 2. Fentanyl Continuous Infusion Dosing

prudent to adjust dosing to avoid toxicity or
therapeutic failure.

To date, 2 studies have been conducted to
evaluate the impact of the pharmacokinetic changes
of obesity in adults receiving continuous fentanyl
infusions. Shibutani et al*'** observed that optimal
dosing of continuous intravenous infusions of

Normal Weight (n=18) Overweight/Obese (n=16) p Value

Number of changes per day* 0.69 + 0.34 0.92 = 0.60 0.16
Duration of infusion (days)* 12.3 = 9.1 11.8 £ 9.5 0.85
Initial bolus*

mcg/kg 1.74 = 1.0 1.71 1.0 0.92

mcg 42.3 + 31.2 77.2 =724 0.09
Initial rate*

mcg/kg/hr 1.41 = 0.62 1.63 1.0 0.45

mcg/hr 423 = 31.3 72.1 =714 0.04
Peak rate*

mcg/kg/hr 461 = 4.4 6.23 * 5.6 0.35

mcg/hr 115.7 = 125.5 238.6 = 214 0.05

*mean = SD.
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Table 3. Concomitant Sedative Regimens
Normal Weight Overweight/Obese
(n=18) (n=16) p Value
Number of concomitant sedative/analgesic/NMBA*-t 294 1.2 3.56 £ 2.5 0.36
Number of PRN sedative doses 229 = 252 45.6 = 62.0 0.19
Opioids 122 =154 22.7 = 37.6 0.31
Benzodiazepines 10.7 = 11.6 22.9 = 28.8 0.13

NMBA, neuromuscular blocking agents; PRN, as needed

* Concomitant sedatives = all medications used concurrently with the fentanyl continuous intravenous infusion given via continuous
infusion or bolus, excluding methadone and diazepam given enterally for prevention of withdrawal symptoms.

7 mean * SD.

fentanyl was derived from the “pharmacokinetic
mass” rather than actual, ideal, or adjusted body
weights. Pharmacokinetic mass was determined
based on observations of the investigators including
effect, serum fentanyl levels, and dose. As actual
body weight increases, pharmacokinetic mass in-
creases logarithmically, suggesting there may be an
upper limit to the weight by which fentanyl is
dosed.>'?* Thus, if fentanyl is dosed based on
actual body weight in obese patients, there is a
greater risk for overdosing, oversedation, and
possibly development of withdrawal upon rapid
discontinuation. In our study, we found a trend in
the number of dosing changes per day in the
overweight/obese group versus control. Although
not statistically significant, we also noted a trend
toward more sedative/analgesic PRN doses in
overweight/obese group to attain adequate sedation
as determined by the medical team. Without a
prospective study evaluating serum concentrations,

Table 4. Withdrawal Assessment and Treatment

it is difficult to draw a significant number of
conclusions from our pilot study.

Although our study did not find a significant
difference in dosing changes between groups and
did not evaluate serum concentrations, our results
do highlight some considerations for clinicians
caring for critically ill overweight/obese children
receiving fentanyl. One particular concern that we
noted in our study was the use of weight-based
dosing for the overweight/obese pediatric popula-
tion. In our study, we noted that 9 children (29.0%)
were obese and received continuous infusion dosing
in mcg/kg/hr. For children with adult-sized weights
(e.g., >70 kg), there may be an increased risk of
severe adverse effects (i.e., respiratory depression)
due to the potential for overdosing of agents such as
fentanyl. In the current study, analysis of adverse
effects beyond withdrawal was not assessed. To
ensure that medication errors are minimized in the
pediatric population, the Academy of Pediatrics
recommends that pediatric weight-based dose

Normal Weight Overweight/Obese
(n=17)* (n=14)} p Value

Median MNWS scores, mean (range) 6 (3-19) 6.5 (0-14) 0.69
Agents for prevention of withdrawal

Methadone and diazepam 7 3 0.24
Transdermal fentanyl 1 0 0.36
Methadone 1 0 0.36
Transdermal fentanyl and diazepam 0 1 0.26
Transdermal fentanyl, diazepam, and methadone 0 1 0.26

MNWS, Modified Narcotic Withdrawal Scale

* One patient expired prior to fentanyl discontinuation leaving 17 courses (n=15 patients) to evaluate.
T Two patients expired prior to fentanyl discontinuation leaving 14 courses (n=13 patients) to evaluate.
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Table 5. Ad Hoc Analysis: Square Root of Number of As Needed Sedative Doses

Normal Weight Overweight/Obese
(n=18) (n=16) p Value
All sedative and analgesic agents* 411 £25 537 =25 0.29
Opioids* 270 = 2.3 3.57 =33 0.37
Benzodiazepines* 276 £ 1.8 3.66 + 3.2 0.31

*mean = SD.

should not exceed recommended adult maximum
doses.?* In this study, the initial infusion rate of 2
patients in the overweight/obese group exceeded
100 mcg/hr, which is cited as the maximal initial
rate; however, rates did not exceed the maximum
weight based dosing of 0.7 to 10 mcg/kg/hr."®°
Consistent with the report of Miller et al,® our
results highlight that obese children would receive
larger doses than those recommended for typical
adult regimens.

Until further studies can be performed to
evaluate the pharmacokinetic differences in over-
weight/obese children for fentanyl continuous
infusions, clinicians may consider some general
dosing guidelines. For children and adolescents <
40 kg, clinicians should use weight-based dosing in
mcg/kg/hr. Generally, this dose may be increased
by 1 mcg/kg/hr every 30 to 60 minutes and titrated
to effect. Conversely, for patients > 40 kg, it may be
prudent to initiate fentanyl infusions at the
recommended adult dosing in mcg/hr (i.e., 100
mcg/hr)."® To achieve adequate sedation, this dose
should be increased by 50 to 100 mcg/hr every 30 to
60 minutes. These are general recommendations to
be used to avoid potential accumulation of fentanyl
and adverse events while maintaining adequate
analgesia.

There are several limitations to this study. The
use of the MNWS, which has only been validated
prospectively, has questionable use in retrospective
analyses. To address this within the study design, we
analyzed the use of PRN sedative and analgesic
agents following discontinuation of fentanyl to
determine if these agents were used to treat
symptoms of withdrawal. Another limitation was
the inconsistent recording of PRN boluses from
paper chart to EMR. The EMR was used as the
main source of charting PRN doses due to the
patient safety checks implemented by the hospital.
Each patient and medication was scanned before
administration to ensure that the appropriate drug
was administered to the correct patient. Retrospec-
tively, there was no way to discern which record was
most accurate. Another limitation relates to using
the number of dose changes per day to determine the

appropriateness of dosing. Because it is difficult to
retrospectively identify underdosing or overdosing
during a fluctuating dose of continuous infusion
fentanyl, we used a surrogate endpoint to determine
the dose needed to achieve the therapeutic endpoint
as determined by the medical team. Future studies
should be conducted to determine more direct
endpoints to account for pharmacokinetic alter-
ations with fentanyl in overweight/obese children.

We did not note a statistical difference in the
number of dosing changes per day of fentanyl
continuous infusions. This could likely be explained
by the small sample size as evidenced by the extreme
nonnormal distribution of the data points seen with
many variables. For example, the number of bolus
doses during the continuous fentanyl infusions is
almost doubled in the overweight/obese group
versus control group despite no statistical difference
being determined. Also, the ad hoc analysis used to
normalize the distribution of these data points did
not find any statistically significant difference
between groups. Larger studies are necessary to
determine whether or not variables such as this
could indicate a need for larger doses of fentanyl to
adequately maintain sedation in overweight/obese
children. A post hoc power calculation was
performed and estimated that 69 patients in each
group would be necessary to reach 28% power to
show a difference in the primary outcome. With this
in mind, a much larger study would be necessary to
truly assess the differences in dosing requirements
of fentanyl continuous intravenous infusions.

CONCLUSION

In this retrospective analysis, there was a
numerical, but not statistically significant, differ-
ence in the number of mean dosing changes per day
in continuous fentanyl infusions required as part of
the sedation/analgesia regimen in overweight/obese
and normal-weight, critically ill children. Clinicians
should be aware of the pharmacokinetic differences
in overweight/obese patients and how these may
affect therapeutic outcomes. The pharmacokinetic
differences in overweight/obese children should be
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the focus of future studies to determine the optimal
safe and effective doses of analgesic agents like
fentanyl.
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