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OBJECTIVES The purpose of this study was to determine the total propofol dose (mg/kg) for non-emergent
pediatric procedural sedation and evaluate dosing differences with regard to a patient’s sex, age, and body
mass index. Adverse events were recorded and evaluated to determine whether certain patient groups were
at a higher risk than others.

METHODS This study was a retrospective observational pilot study including patients 0 to 18 years of age
admitted between January 2008 and November 2009 for non-emergent gastrointestinal endoscopic proce-
dures or radiologicimaging, who received propofol for procedural sedation. Data gathered included sex, age,
height, weight, chronic medical conditions and medication use, concomitant anesthetic gas, preprocedure
midazolam, procedure length, propofol dose in mg/kg, other medications administered during procedure,
and adverse events that occurred. Comparisons between adverse event groups and categories of baseline
characteristics were made using the Wilcoxon signed-rank, Kruskal-Wallis nonparametric and Pearson’s chi-
square tests, as appropriate.

RESULTS A total of 101 patients met inclusion criteria and were included in the analysis. The mean dose of pro-
pofol required for female patients was 3.7 mg/kg versus 3.4 mg/kg for males (p=0.3). The mean dose of propofol
for patients <9 years, 10 to 12 years, and >12 years was 3.2, 3.9, and 3.9 mg/kg, respectively (p=0.25). The mean
dose of propofol for underweight, healthy weight, overweight, and obese patients was 4.2, 3.9, 3.6,and 2.6 mg/kg,
respectively (p=0.38). Hypotension occurred in 42.6% of patients, and bradycardia occurred in 13.9% of patients.
CONCLUSIONS There were no differences in dose requirements based on sex or age. The difference in dosing
between different body weight categories was not statistically significant. The dose of propofol was higher in
patients that experienced bradycardia and hypotension, but there was no statistical significance. Given the
above, future studies with larger sample sizes should be conducted to establish if statistical significance exists.

INDEX TERMS computed tomography, endoscopy, gastrointestinal, magnetic resonance imaging, pediatrics,
propofol
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INTRODUCTION

Propofol is an intravenous sedative-hypnotic
commonly used for induction and maintenance
of anesthesia in children and adults. Propofol is
approved by the US Food and Drug Adminis-
tration (FDA) for the induction of general anes-
thesia in children older than 3 years of age at a
dose of 2.5 to 3.5 mg/kg. It is indicated for the
maintenance of general anesthesia in children
older than 2 months at a dose of 7.5 to 18 mg/
kg/hour.! Propofol is no longer recommended
in pediatric patients for continuous sedation,
following case reports of propofol infusion

syndrome, characterized by metabolic acidosis,
bradyarrhythmias, and ultimate cardiac death.*?
It is not FDA approved for procedural sedation
in pediatric patients; therefore, no manufacturer
dosing recommendations exist. However, it is
commonly used for this indication, and previous
studies have demonstrated its safety and efficacy
in this setting.**

The purpose of this study was to determine the
total propofol dose (mg/kg) for non-emergent
procedural sedation and to evaluate dosing dif-
ferences with regard to a patient’s sex, age, and
body mass index (BMI). Types of procedures
included colonoscopies, esophagogastroduode-
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noscopies (EGD), computed tomography (CT),
and magnetic resonance imaging (MRI), which
differed in duration and use of concomitant
medications or anesthetic gas. Adverse events
were recorded and evaluated to determine if
there was a higher risk associated with certain
patient groups.

MATERIALS AND METHODS

Study Design

This study was a retrospective observational
pilot study approved by the institutional review
board at the research institution. All pediatric
patients aged 0 to 18 years admitted between
January 2008 and November 2009 for a non-
emergent EGD, colonoscopy, MRI, or CT, who
received propofol for procedural sedation were
included. Data were collected from the sedation
record, which was scanned into the patient’s
medical record. Patients were excluded if an
incomplete medical record prevented complete
data collection.

All decisions regarding medication, dose,
route, and airway maintenance were at the dis-
cretion of the anesthesia provider. The patient’s
telemetry and pulse oximetry were continuously
monitored, and oxygen was applied as needed to
maintain oxygen saturations greater than 90%.

Data Collection

Patients were identified using the International
Classification of Diseases, Ninth Revision (ICD-9)
coded diagnoses for the procedures included in
pediatric patients. Data gathered included sex,
age, height, weight, chronic medical conditions
and medication use, preprocedure midazolam,
concomitant anesthetic gas, fentanyl, and mid-
azolam, procedure length, dose of propofol in
milligrams per kilogram (mg/kg) and adverse
events that occurred.

BMI was calculated and then plotted on a BMI-
for-age curve for either males or females and re-
ported as a percentile comparing individual BMI
to others of the same age and sex. A BMI less than
the fifth percentile was considered underweight.
A BMI in the 5th to 84th percentile was consid-
ered a healthy weight. A BMI between the 85th
and 95th percentile was considered overweight,
and obese was a BMI above the 95th percentile.”
The 8 patients who did not have a calculated
BMI were younger than 2 years of age. In that

age group, BMI is not validated, and a patient
instead is considered overweight if their weight-
for-height value exceeds the 95th percentile for
their age.

An adverse event was recorded if a patient’s
blood pressure, respiratory rate, or heart rate fell
below the bottom percentile of what is considered
normal for the patient’s age and was also a 20%
change from baseline.® All serious adverse events
were documented including those in which an
intervention was necessary to treat the event.

Statistical Analysis

Data are presented as means and standard
deviations for continuous variables and as fre-
quency and percentage for categorical variables.
Comparisons between the adverse event groups
and categories of baseline characteristics were
made using the Wilcoxon signed-rank, Kruskal-
Wallis nonparametric, and Pearson chi-square
tests, as appropriate. A p value of <0.05 was
considered statistically significant.

RESULTS

Initially, 3460 procedures were identified by
ICD-9 diagnoses. After chart review, 76 gastro-
intestinal endoscopy patients and 30 radiological
imaging patients received propofol for proce-
dural sedation. Two patients from the first group
and 3 from the second were excluded because
insufficient data was available. Characteristics
of the patients included are presented in Table 1.

Results comparing dosing requirements for
sex, age, and BMI are in Table 2. There were
no differences in dosing requirements between
male and female pediatric patients or between
different age groups. There was a numerical but
non-statistically significant difference in dosing
requirements between different BMI categories.

Each adverse event was evaluated to determine
whether there was an increased risk due to sex,
age, weight, procedure duration, dose, and BMI.
The comparison of patients who experienced
hypotension (42.6%) and bradycardia (13.9%)
is presented in Table 3. For both, the dose was
larger in patients who experienced an adverse
drug event; however, the difference was not
significant. There was a statistically significant
difference in procedure duration when compar-
ing patients who experienced hypotension versus
those who did not (21.41 minutes compared to
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Table 1. Patient Characteristics Table 2. Dose
Variable Total Variable n Dose (mg/kg)*  p value
No. of males (%) 50 (49.5%) Female 51 3.7 (2.1)
Age (ynt 9.7+47 Male 50 3.4(2.3) 0.3
Weight (k 39+225
eight ( 9)"r <9yr 48 3.2(22)
Body mass index (kg/m?)t 19.7+5.8
N 10-12yr 25 3.9(2.8) 025
Procedure duration (min)t 16.3+13.5 512 vears 28 39(17) :
No. of chronic medical conditions (%) 4 : o
Central nervous system 32(31.7%)  Underweight 7 42(.2)
Pulmonary 25 (24.8) Healthy.weight 59 3.9(24) 038
Immunologic 25(24.8%)  Overweight 13 36(1.5) '
Gastrointestinal 10 (9.9%) Obese 14 26(16)
Genetic 7 (6.9%) *mean + standard deviation
Endocrine 5(5%) sedation with propofol.>'* In a study of 20 adult
Other 7 (6.9%) laparoscopic cholecystectomy patients, time to
Anesthetic gas* 45(44.6%)  response to verbal stimuli from the time propofol

Preprocedure midazolam* 13 (12.9%)

Fentanyl during procedure* 3(3%)
Midazolam during procedure* 7 (6.9%)
*n (%)

1 mean + standard deviation

12.8 minutes, respectively, p=0.0001). When
comparing patient characteristics for those who
experienced bradycardia versus those who did
not, there was a statistically significant difference
in BMI (22.1 vs 19.4, respectively, p=0.03).

There were three adverse reactions in 2 pa-
tients with documented interventions; however,
all procedures were completed, and no patient
required overnight hospitalization. One patient
experienced laryngospasm and seizure that
required succinylcholine and levalbuterol to
facilitate bag valve mask ventilation. The seizure
resolved without intervention. This patient did
have a prior seizure disorder and was also diag-
nosed with asthma. The patient received propo-
fol, 5.7 mg/kg, fentanyl, and midazolam during
the procedure. The second patient experienced
bradypnea that did not self-resolve and required
bag valve mask ventilation. The patient received
propofol, 0.4 mg/kg, fentanyl, and midazolam
during the procedure.

DISCUSSION

Dose

According to the manufacturer, no pharmaco-
kinetic gender differences have been observed.
Other studies in adults have demonstrated that
women recover more quickly than men following

infusion was stopped was shorter in females than
in males, with no differences in plasma concen-
trations." A study of propofol pharmacokinetics
in elderly patients found that blood concentra-
tions of propofol were approximately 10% lower
in females than in males during infusions run-
ning at the same milligram per kilogram rate.'?

While these studies demonstrate that sex
differences of propofol pharmacokinetics and
pharmacodynamics may exist, this has not been
tested in the pediatric population. This study
showed no differences between the required
doses of propofol for male and those for female
pediatric patients.

Studies in adults that analyzed the influence
of obesity on propofol pharmacokinetics have
resulted in conflicting data, and the optimal dos-
ing scheme remains controversial. Additionally,
most studies examined the pharmacokinetics of
bolus dosing followed by a continuous infusion
as opposed to bolus dosing alone. A study by
Servin et al® found no difference in initial volume
of distribution when comparing obese patients
to lean adults.

Despite the growing epidemic of childhood
obesity, clinical studies examining pharmaco-
kinetic alterations in this population are lack-
ing."* Propofol is a highly lipophilic medication,
and it would be a reasonable assumption that
it would accumulate in the adipose tissue of
obese patients; however, as fat mass increases,
the amount of blood flow supplying the adipose
tissue remains the same." This may result in de-
creased distribution of propofol into adipose tis-
sue, supporting the use of ideal or adjusted body
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Table 3. Adverse Events Based on Patient Parameters

Parameter No Hypotension Hypotension p value | No Bradycardia Bradycardia p value
(n=58) (n=43) (n=87) (n=14)
No. of males (%)* 25 (43.1%) 25 (58.1%) 0.14 42 (48.3%) 8(57.1%) 0.54
Age (ynt 9.8+45 9.51+49 0.98 9.5+45 106+5.4 0.31
Weight (kg)t 40.5+23.5 37.09+213 0.57 374+ 211 494 +28.8 0.09
Procedure duration (min)t 128+12.2 2141+13.9 0.0001 16.53 + 14.1 15+9.4 0.92
Dose (mg/kg)t 33+£2 4.01+£25 0.19 3.54+23 39+2 0.43
Body mass indext 203 +6.3 1895 0.51 194+58 22.1+£55 0.03
Body mass index category* 0.28 0.45
Underweight 2 (3.6%) 5(13.2%) 7 (8.6%) 0 (0%)
Normal weight 36 (65.4%) 23 (60.5%) 51 (63%) 8 (66.7%)
Overweight 7 (12.7%) 6 (15.8%) 10 (12.4%) 3(25%)
Obese 10 (18.2%) 4 (10.5%) 13 (16%) 1(8.3%)

*n (%)
1 mean + standard deviation

weight for dosing. A recent study by Olutoye
et al'® found the effective dose of propofol that
caused loss of consciousness in 95% of patients
was 1.99 mg/kg (confidence interval (CI), 1.745-
2.183) in obese children versus 3.183 mg/kg (CI,
2.681-3.225) in non-obese children. In our study,
obese patients received an average dose of 2.6
mg/kg (CI1.7-3.6) versus 3.9 mg/kg (CI, 3.3-4.5)
in children considered to be at a healthy weight.
Although not statistically significant, there is a
tendency toward a decreased dose requirement
in obese patients.

Significant changes in body fat and muscle
mass occur during puberty, and these may also
change dosing requirements.'” This study con-
sidered the effect that puberty may have had
on dosing requirements. To do this ideally, the
doses for the pediatric patients in the prepubes-
cent phase through full sexual maturity would
have been compared based on the Tanner score,
a sexual maturity score that correlates to stages
of puberty. As this information was not avail-
able, age was used as a surrogate marker. The
age group 10 to 12 was chosen because this is
when the onset of puberty generally begins. As
seen in Table 2, this study found no statistically
significant differences between children in the
age groups <9, 10 to 12, or >12 years.

Adverse Drug Events

Table 4 compares the rate of adverse drug
events in the current study to those reported in
the prescribing information and the results of a
large prospective, observational study. The inci-
dence of hypotension and bradycardia are high

in the current study compared to the prescribing
information, however, the authors of the package
insert do not clearly define what qualified as an
adverse event. The incidence of hypotension in
this study was much more comparable to the
findings of Vespasiano et al.* They documented
hypotension when a change of >25 mm Hg from
baseline occurred. If systolic blood pressure (SBP)
seemed elevated as a result of stress and/or
anxiety, the normal SBP for age was substituted
as the baseline value.*

Limitations

There are a number of limitations to the cur-
rent study. The sample size was small and may
have been insufficient to establish statistical
significance. As it was a retrospective study,
some information that may have influenced
study results but was not able to be collected
include time to awakening, level of consciousness
achieved, and Tanner score. Additionally, dosing
was at the discretion of the provider, so all dosing
schemes were different including number and
frequency of boluses. Finally, information about
how chronic medications may have influenced
sedation requirements was not included.

CONCLUSIONS

Adverse reactions were common, but few
required intervention, and no procedures were
aborted due to complications. There were no
differences in dose requirements based on sex
or age. The differences in dosing among under-
weight, healthy weight, overweight, and obese
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Table 4. Adverse Drug Events Comparison

Event Package Insert Current Study (n=101) Vespasiano et al* (n=7304)
Hypotension 17% 42.6% 31.38%
Bradycardia 1.2% 13.9% Not Reported
Laryngospasm <1% 1% 0.27%
Seizure <1% 1% Not Reported
pediatric patients were not statistically signifi- 4.  Vespasiano M, Finkelstein M, Kurachek S.
cant. The dose of propofol was higher in patients Propofol sedation: intensivists” experience
who experienced bradycardia and hypotension, with 7304 cases in a children’s hospital.
but there was no statistical significance. Given the Pediatrics. 2007;120(6):e1411-e1417.
above results, future studies should be conducted 5. Larsen R, Galloway D, Wadera S, et al.
with larger sample sizes to establish whether Safety of propofol sedation for pediat-
statistical significance exists. ric outpatient procedures. Clin Pediatr.
2009;48(8):819-823.
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