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A B S T R A C T

Background: Childhood and adolescent obesity increased in recent decades, and caregivers face an increasing number of obese pediatric surgical patients. Some
clinical and pharmacogenetic data suggest that obese patients have altered pain sensitivity and analgesic requirements.
Objective: To test the primary hypothesis that increased BMI in pediatric patients is associated with increased pain during the initial 48 postoperative hours.
Secondarily, we tested whether BMI is associated with increased opioid consumption during the same period.
Design: Retrospective single-center cohort study.
Setting: Pediatric surgical wards in a tertiary medical center.
Patients: A total of 808 opioid naïve patients aged 8 to 18 years having elective non-cardiac surgery with hospital stay of at least 48 h in the Cleveland Clinic between
2010 and 2015.
Interventions: None.
Measurements: Using U.S. Centers for Disease Control definitions for childhood weight classifications, we retrospectively evaluated the association between body
mass index (BMI) percentile and time-weighted average pain scores and opioid consumption. We used multivariable linear regression to test for an association with
postoperative pain scores, and multivariable gamma regression to test for an association with postoperative opioid consumption (in mg morphine equivalents Kg−1).
Results: BMI was not associated with postoperative pain after general, orthopedic, or neuro-spinal surgeries. Pain increased by 0.07 [98.75% CI: (0.01, 0.13),
Padj < 0.05] points per 5 percentile increase in BMI after neuro-cranial surgery. Higher BMI was associated with a decrease in postoperative opioid consumption
(mean change [95% CI] −2.12% [−3.12%, −1.10%] in morphine equivalents Kg−1 per 5 percentile increase in BMI, P < 0.001).
Conclusion: We found no clinically important increase in pain scores or opioid consumption in association with higher BMI in patients 8 to 18 years of age recovering
from elective non-cardiac surgery.

1. Introduction

Childhood obesity has increased exponentially in the last decades.
According to the World Health Organization,> 340 million children
and adolescents, aged 5–19 years, are overweight or obese [1]. Obesity
in children and adolescents is associated with surgical complications,
physical and psychological distress, decreased quality of life, and

mortality [2–5]. Both adult and pediatric obese patients are becoming a
significant portion of the surgical population, and their postoperative
management is challenging when compared to non-obese patients [6].

Postoperative pain is multifactorial and originates from a combi-
nation of genetic, physiologic, and psychological determinants that
contribute to behavioral and emotional changes, as well as to somato-
sensory alterations related to nerve injury and inflammation [7]. Some
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of these factors are affected by obesity. There is evidence suggesting
that obese surgical patients have different opioid requirements in the
postoperative period [6,8], with possible explanations including altered
perception of pain and differences in pharmacokinetics and pharma-
codynamics of analgesic medications [9,10].

Experimental models of various noxious stimuli demonstrated al-
tered levels of pain threshold and sensitivity, and even difficulty in
grading pain level, in obese adult participants compared to non-obese
controls [11,12]. Although the underlying biological mechanisms are
not well understood, one compelling genetic pathway involves the
peroxisome proliferator activator receptors family (PPARs), that is
suspected to be involved in the pathogenesis of obesity and the meta-
bolic syndrome [13]. PPARs were also shown to be involved in in-
flammatory response modulation and sensitivity to induced pain [14].
Another potential gene of interest is the OPRM1 gene encoding the mu
opioid receptor. The G allele of the OPRM1 gene is associated with
increased analgesic requirement and decreased analgesic effect of
opioids, and is more frequent in obese than non-obese patients [15,16].
These pharmacogenetic pathways might explain the altered pain per-
ception and postoperative analgesic requirements of obese patients.

Existing data are conflicting, but some biological mechanisms as
well as clinical evidence suggest that obesity is associated with in-
creased opioid requirements. However, the relationship between sur-
gical patients' obesity and their postoperative pain is not well-described
in the clinical setup, especially in the pediatric population. It is also
unclear whether obese children should be administered with analgesics
according to their ideal body weight, potentially exposing them to
underdosing and sub-optimal pain control, or according to their actual
body weight, with the inherent risks of toxicity and opioid-induced side
effects, such as respiratory depression or nausea/vomiting.

We therefore aimed to evaluate the relationship between increased

body mass index (BMI) and postoperative pain in pediatric patients
undergoing noncardiac surgery. Specifically, we tested the primary
hypothesis that increased BMI is associated with higher pain scores
during the initial 48 postoperative hours in this population.
Secondarily, we hypothesized that increased BMI is associated with
higher opioid consumption during the initial 48 postoperative hours.

2. Methods

2.1. Design and patients

This retrospective, single-center, cohort analysis included all pa-
tients aged 8–18 years having non-cardiac surgery between 2010 and
2015 in Cleveland Clinic. It was approved by the Cleveland Clinic
Institutional Review Board, which waived the requirement for written
informed consent. Patients were excluded if they had an American
Society of Anesthesiologists physical score of 4 or 5, emergency surgery,
hospitalization shorter than 48 postoperative hours, repeat surgeries
during the same hospitalization, received opioids for> 2 weeks before
surgery, had one of several pre-existing co-morbidities (Supplemental
Table 1), or had missing BMI or postoperative pain scores (e.g., re-
mained intubated). This manuscript adheres to the applicable
CONSORT guidelines.

2.2. Exposure and outcomes

Pediatric BMI percentile was determined using the Centers for
Disease Control and Prevention's (CDC) BMI by age and gender growth
charts [17]. BMI percentiles were also used to classify patients as un-
derweight, normal weight, overweight, or obese following CDC re-
commendations for the purposes of presenting summary data in Table 1

Table 1
Summary statistics of baseline characteristics.

Variable Total BMI Weight Classification# P-value&

Underweight Healthy weight Overweight Obese

(N = 808) (N = 59) (N = 513) (N = 106) (N = 130)

BMI, percentile+ 56.8 ± 32.8 1.7 ± 1.6 45.8 ± 23.7 90.1 ± 2.7 98.0 ± 1.3 <0.001a

Baseline demographics
Age, years 14.0 ± 2.6 14.0 ± 2.6 14.2 ± 2.5 13.4 ± 2.5 13.7 ± 2.6 0.013a

Female 417(51.6) 28(47.5) 262(51.1) 66(62.3) 61(46.9) 0.093c

ASA physical status 0.049b

I 156(19.3) 7(11.9) 104(20.3) 23(21.7) 22(16.9)
II 453(56.1) 31(52.5) 299(58.3) 51(48.1) 72(55.4)
III 199(24.6) 21(35.6) 110(21.4) 32(30.2) 36(27.7)

Intraoperative variables
Duration of surgery, min 303.4 ± 145.6 267.4 ± 148.3 297.8 ± 144.7 327.3 ± 147.9 322.7 ± 142.4 0.023a

Procedure type 0.002c

General/urologic 202(25.0) 25(42.4) 123(20.8) 22(20.8) 32(24.6)
Orthopedic 435(53.8) 26(44.1) 292(56.9) 49(46.2) 68(52.3)
Neurocranial 140(17.3) 5(8.5) 77(15.0) 31(29.3) 27(20.8)
Neurospinal 31(3.8) 3(5.1) 21(4.1) 4(3.8) 3(2.3)

Intraoperative opioids, mg/kg 1.6 [0.24, 8.3] 0.46 [0.21, 4.2] 1.4 [0.24, 8.3] 6.6 [0.42, 10.3] 1.3 [0.20, 7.7] <0.001b

Intraoperative acetaminophen 49(6.1) 3(5.1) 32(6.2) 7(6.6) 7(5.4) 0.96c

Intraoperative dexmedetomidine 30(3.7) 3(5.1) 16(3.1) 5(4.7) 6(4.6) 0.70c

Intraoperative steroid use 350(43.3) 21(35.6) 223(43.5) 54(50.9) 52(40.0) 0.21c

Endpoints of obesity
Preoperative glucose⁎ 84.0 [76.0, 93.0] 83.0 [78.0, 91.0] 85.0 [77.0, 94.0] 80.5 [74.0, 92.0] 85.5 [77.5, 95.5] 0.34b

Preoperative hematocrit⁎ 39.9 [37.9, 42.2] 39.7 [36.0, 42.7] 40.1 [38.0, 42.3] 39.4 [38.0, 41.3] 39.9 [37.2, 41.9] 0.39b

Preoperative hemoglobin⁎ 13.5 [12.7, 14.4] 13.3 [11.8, 14.2] 13.6 [12.8, 14.5] 13.4 [12.8, 14.0] 13.3 [12.5, 14.5] 0.23b

Values presented as Mean ± SD, Median [P25, P75], or N (column %). All variables were included in subsequent regression models, except the “Endpoints of
Diabetes” variables. The latter were only included in corresponding sensitivity analyses.

+ BMI percentile is age and gender dependent and identified per Centers of Disease Control and Prevention guidelines.
⁎ Data not available for all subjects. Missing values (N): Preoperative Glucose, 274; Preoperative Hematocrit, 177; Preoperative Hemoglobin, 178.
# BMI weight classifications: Underweight: BMI < 5th percentile; Healthy weight: 5th < BMI < 85th percentile; Overweight: 85th < BMI < 95th percentile;

Obese: BMI > 95th percentile.
& P-values: a = ANOVA, b = Kruskal-Wallis test, c = Pearson's Chi-Square, d = Fisher's Exact test.
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and post-hoc tests where necessary [18]. The primary outcome was
time-weighted average (TWA) pain score [on a numerical response
scale (NRS) ranging from 0 (no pain) to 10 (worse pain imaginable)]
during the initial 48 postoperative hours and the secondary outcome
was opioid consumption (measured in mg of morphine equivalents per
Kg, Supplemental Table 2) during the same time period. TWA pain
scores are average pain scores weighted by the duration of the score
measured. Pain scores are recorded in the electronic medical record
system as frequently as needed, but no less than every 15 min during
the first postoperative hour and 4 h thereafter, per Cleveland Clinic's
routine nursing practice. Opioid administration was also captured from
the patients' electronic medical records.

2.3. Statistical analysis

We recognized that the relationship between postoperative pain and
BMI percentile may be nonlinear. Thus, we graphically assessed the
relationship between pain and BMI percentile using a nonparametric
loess scatterplot smoother using a smoothing parameter of 0.8 to
evaluate linearity prior to regression modeling. A quadratic polynomial
term for BMI percentile, centered about the mean, was also tested in the
regression model as another assessment of a curvilinear relationship
between BMI and pain.

Multivariable linear regression was utilized to formally assess the
primary hypothesis. The overall covariate adjusted change in mean
pain score per 5 percentile increase in BMI with corresponding 95%
confidence intervals (CI) and P-value are reported. We also examined if
the relationship between BMI percentile and pain differed across sur-
gical procedure types (general/urologic, orthopedic, neurocranial, and
neurospinal) using P < 0.15 to determine significance. Covariate ad-
justed change in mean pain score per 5 percentile increase in BMI, for
each procedure type, with Bonferroni-corrected 98.75% CIs and Holm-
Bonferroni adjusted P-values (Padj) are presented to account for mul-
tiple testing. Residuals were examined to ensure there were no gross
deviations from multivariable linear regression assumptions. A list of
surgeries included in each subgroup is detailed in Supplemental
Table 3.

For the secondary outcome, we assessed the relationship between
BMI percentile and postoperative opioid consumption (in mg of IV
morphine equivalent dose per Kg of actual body weight during the in-
itial 48 postoperative hours), via multivariable gamma regression using
the log link. Post-hoc analyses examining the relationship between
obesity and opioid use are also provided. Results are reported as per-
cent change in mean postoperative opioid consumption per 5-percentile
increase in BMI with corresponding 95% CI and P-value.

2.4. Sensitivity analyses

We performed sensitivity analyses adjusting for preoperative mea-
surements of glucose, hematocrit, and hemoglobin, in addition to the
baseline demographic and intraoperative variables also included in the
primary analysis for both outcomes. Diabetes, hemoglobin A1C, and
albumin were not included in the sensitivity analysis due to low in-
cidence or high proportions of missing values.

Our secondary outcome of total 48-hour postoperative opioid con-
sumption in mg per kg actual body weight was reanalyzed using ideal
body weight (IBW) calculated by the BMI method, as previously de-
scribed [19].

All statistical models were adjusted for an a priori list of con-
founding factors listed in Table 1, with the exception of the variables
listed under the “Endpoints of Obesity” heading. SAS software version
9.4 (SAS Institute, Cary, NC, USA) was used for all statistical analyses.

3. Results

There were 10,185 non-cardiac procedures performed on children
between the ages of 8 and 18 years between 2010 and 2015 at
Cleveland Clinic. After excluding non-eligible patients, 808 patients
remained available for analysis (Fig. 1). BMI percentiles were used to
classify patients as underweight, normal weight, overweight, or obese
following CDC recommendations. CDC classification of weight groups
was used to provide a summary of the bivariate relationships between
BMI and our list of a priori selected confounding variables (Table 1),
and for post-hoc and sensitivity tests.

3.1. Primary outcome

All 808 subjects eligible for analysis had complete information re-
corded for both of our outcomes and our confounding variables. The

Fig. 1. Types and numbers of exclusions of the available pediatric patients
between 8 and 18 years of age who had non-cardiac surgeries at the Cleveland
Clinic between 2010 and 2015.
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relationship between BMI and pain was found to be inconsistent across
surgical procedures (BMI percentile × surgical procedure interaction,
P = 0.07 < 0.15). Therefore, the relationship between BMI and pain
are presented by surgical procedure (Fig. 2, Table 2). There was no
association between BMI and pain for general/urologic surgeries (mean
change (98.75% CI): 0.03 (−0.01, 0.08) per 5 percentile increase in
BMI, Padj = 0.21), orthopedic procedures (0.004 (−0.03, 0.04) per 5
percentile increase in BMI, Padj = 0.96), nor spinal surgeries (0.04
(−0.09, 0.16) per 5 percentile increase in BMI, Padj = 0.96). However,
mean pain score increased an estimated 0.07 (98.75% CI: (0.01, 0.13),
Padj = 0.024 < 0.05) per 5 percentile points increase in BMI for neuro-
cranial surgeries. With the exception of the test for a difference between
estimated BMI slopes for neuro-cranial and orthopedic procedures (es-
timated neuro-cranial – orthopedic difference in BMI slopes (95% CI):
0.06 (0.01, 0.12) per 5 percentile increase in BMI, P = 0.025 < 0.05),
there were no pairwise differences between BMI slopes among proce-
dures that were statistically significant at α-level 0.05.

3.2. Secondary outcome

Fifty-two (6.4%) subjects did not have any postoperative opioids
administered and were thus excluded from the secondary analysis.
Variables associated with not receiving any postoperative opioids are
summarized in Supplemental Table 4. The remaining 756 (93.6%)
subjects were included in the multivariable gamma regression model to
assess the association between postoperative opioid consumption and

BMI percentile. As BMI percentile increased, estimated mean post-
operative opioid use decreased (change in mean postoperative opioid
use (95% CI): −2.12% (−3.12%, −1.10%) per 5 percentile increase in
BMI, P < 0.0001) (Fig. 3).

Given the association between BMI percentile and opioid use, the
relationship between obesity class and opioid consumption was also
examined. Weight status was significantly associated with post-
operative opioid consumption as well (P = 0.0004). Pairwise tests for
differences among the four weight classes showed no differences among
the underweight, normal weight, and overweight BMI groups. As such,
we assessed if the obese group was driving the association and found
that, on average, obese patients consumed 30% (95% CI: (-41%, -27%),
P < 0.0001) less opioids than non-obese patients.

With the exception of the test for a difference between estimated
BMI slopes for neuro-cranial and orthopedic procedures (estimated
neuro-cranial – orthopedic difference in BMI slopes (95% CI): 0.06
(0.01, 0.12) per 5 percentile increase in BMI, P = 0.025 < 0.05), there
were no pairwise differences between BMI slopes among procedures
that were statistically significant at α-level 0.05. The relationship be-
tween BMI percentile and postoperative opioid use was not found to
vary across surgical procedures (BMI percentile × surgical procedure
interaction, P = 0.69).

No nonlinear relationship was found between BMI percentile and
pain or opioid consumption via examination of the nonparametric loess
curve nor through a multivariable regression test of the centered
quadratic term for BMI percentile (P = 0.86 for pain, P = 0.32 for

Fig. 2. Primary outcome – scatterplot panel of the relationship between BMI percentile and time-weighted averaged (TWA) pain score during the initial 48-hour
postoperative period. Multivariable linear regression was used to assess the relationship between postoperative pain, adjusting for all variables included in Table 1,
except the “Endpoints of Diabetes” variables. The relationship between BMI percentile and pain was found to be inconsistent across surgical procedures (BMI
percentile × surgical procedure interaction, P = 0.07 < 0.15). Therefore, the relationship between BMI and pain is presented by surgical procedure. There was no
association between BMI and pain for general/urologic, orthopedic, nor spinal surgeries. However, mean pain score increased an estimated 0.07 (98.75% CI: (0.01,
0.13), Padj = 0.024 < 0.05) per 5 percentile increase in BMI for cranial surgeries. With the exception of the test for a difference between estimated BMI slopes for
cranial and orthopedic procedures (estimated cranial – orthopedic difference in BMI slopes (95% CI): 0.06 (0.01, 0.12), P = 0.025 < 0.05), there were no pairwise
differences between BMI slopes among procedures that were statistically significant at α-level 0.05.

B. Cohen, et al. Journal of Clinical Anesthesia 62 (2020) 109729

4

Downloaded for Anonymous User (n/a) at Tel Aviv Sourasky Medical Center from ClinicalKey.com by Elsevier on March 21, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



opioid consumption). No gross deviations from model assumptions
were observed.

A post-hoc analysis of adverse events potentially related to opioid
administration did not show a difference in BMI percentile between
patients who did and did not experience an adverse event
(Supplemental Table 5). Data regarding observed differences in the use
of regional anesthetic techniques as well as postoperative use of patient-
controlled-analgesia (PCA) and non-steroidal anti-inflammatory drugs
(NSAIDs) are provided in Supplemental Table 6.

3.3. Sensitivity analyses

After excluding observations with missing outcome or preoperative
lab values, 525 (65.0%) observations remained available for the sen-
sitivity analysis of the primary outcome, and 483 (59.8%) remained
available for the sensitivity analysis of the secondary outcome. After
controlling for the available preoperative lab values considered end-
points of diabetes, we found an association between BMI and post-
operative pain (mean change in pain (95% CI): 0.04 (0.02, 0.07) per 5

Table 2
Pain scores and opioid consumption by weight classification.

Variable Total BMI Weight Classificationb Estimate (CI) P-value

Underweight Healthy weight Overweight Obese

(N = 808) (N = 59) (N = 513) (N = 106) (N = 130)

BMI, percentilea 56.8 ± 32.8 1.7 ± 1.6 45.8 ± 23.7 90.1 ± 2.7 98.0 ± 1.3
Primary outcome
Postoperative pain scorec 3.0 ± 1.8 2.5 ± 1.8 3.0 ± 1.8 3.4 ± 1.9 3.1 ± 1.9 0.023 (0.005, 0.042) 0.0146
Postoperative pain score by procedured

General/urologic (N = 202, 25%) 2.3 ± 1.8 2.0 ± 2.0 2.2 ± 1.8 2.7 ± 2.4 2.3 ± 1.6 0.03 (−0.01, 0.08) 0.2135
Orthopedic (N = 435, 54%) 3.2 ± 1.6 2.9 ± 1.6 3.2 ± 1.6 3.3 ± 1.3 3.2 ± 1.7 0.004 (−0.03, 0.04) 0.9579
Neurocranial (N = 140, 17%) 3.4 ± 2.2 2.3 ± 1.6 3.2 ± 2.2 3.8 ± 2.1 4.0 ± 2.2 0.07 (0.01, 0.13) 0.0235
Neurospinal (N = 31, 3.8%) 3.5 ± 1.7 3.0 ± 0.7 3.5 ± 1.7 3.8 ± 2.1 3.5 ± 2.8 0.04 (−0.09, 0.16) 0.9579

Secondary outcome
Postoperative opioid consumption, mg/kge 0.3 [0.1, 0.5] 0.2 [0.0, 0.6] 0.3 [0.1, 0.5] 0.2 [0.1, 0.4] 0.3 [0.1, 0.4] −2.12% (−3.12%, −1.10%) < 0.0001

Values presented as Mean ± SD or Median [P25, P75]; pain scores reported on a numerical response scale (NRS) ranging from 0 to 10.
a BMI percentile is age and gender dependent and identified per Centers of Disease Control and Prevention guidelines.
b BMI Weight Classifications: Underweight: BMI < 5th percentile; Healthy weight: 5th < BMI < 85th percentile; Overweight: 85th < BMI < 95th percentile;

Obese: BMI > 95the percentile.
c Multivariable linear regression estimate (95% CI) for mean change in postoperative pain score per 5 percentile increase in BMI, after controlling for all

confounders listed in Table 1 (except Methylprednisolone).
d The relationship between BMI percentile and pain was found to be inconsistent across surgical procedures (BMI percentile × surgical procedure interaction,

P = 0.07 < 0.15). thus, multivariable linear regression estimates (98.75% CI) and Holm-Bonferroni corrected P-values for mean change in postoperative pain score
per 5 percentile increase in BMI by surgical procedure type, after controlling for all confounders listed in Table 1 (except Methylprednisolone) are presented.

e Multivariable gamma regression estimate (95% CI) for percent change in mean postoperative opioid consumption per 5 percentile increase in BMI, after
controlling for all confounders listed in Table 1 (except Methylprednisolone). N = 52 patients did not use any postoperative opioids and were thus excluded from this
analysis.

Fig. 3. Secondary outcome – scatterplot panel of the
relationship between BMI percentile and post-
operative opioid use (mg/kg, actual body weight)
during the initial 48 postoperative hours, with mul-
tivariable gamma regression estimated regression
slope. Fifty-two (6.4%) subjects did not have any
postoperative opioids administered and were thus
excluded from analysis. Variables associated with
not receiving any postoperative opioids are sum-
marized in Supplemental Table 3. All of the re-
maining N = 756 (93.6%) subjects were included in
the multivariable gamma regression model to assess
the association between postoperative opioid con-
sumption and BMI percentile, adjusting for all vari-
ables included in Table 1, except the “Endpoints of
Diabetes” variables. As BMI percentile increased,
estimated mean postoperative opioid use decreased
(change in mean postoperative opioid use (95% CI):
−2.12% (−3.12%, −1.10%) per 5 percentile in-
crease in BMI, P < 0.0001).
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percentile points increase in BMI, P < 0.0001) and postoperative
opioid consumption (percent mean change in opioids (95% CI):
−1.85% (−3.20%, −0.51%) per 5 percentile increase in BMI,
P = 0.0069). There was no evidence of an interaction between BMI and
surgical procedure (P = 0.43 > 0.15 for the primary outcome and
P = 0.80 > 0.15 for the secondary outcome) nor of a curvilinear re-
lationship between BMI percentile and pain (centered BMI quadratic
term, P = 0.81). No gross deviations from model assumptions were
observed.

4. Discussion

In this study, we found no association between BMI and pain among
pediatric inpatients recovering from most types of noncardiac surgery.
Since pain scores seemed to act differentially among various surgery
types, the evaluation of this relationship was stratified by type of pro-
cedure. No relationship between postoperative pain and patients' BMI
percentile was found, aside of a weak association among neurosurgical
patients having cranial surgery, which although reached statistical
significance, lacks clinical importance (increase in mean pain score of
0.07 (98.75% CI: 0.01, 0.13) points on a visual analog scale for every 5
percentile increase in BMI). We did find an association between BMI
and postoperative opioid consumption, but again it seems to have a
relatively minor clinical importance (change in mean postoperative
opioid use [95% CI]: −2.12% [−3.12%, −1.10%] per 5 percentile
increase in BMI), and is actually in the opposite direction of our original
hypothesis (increased BMI was associated with a mild decrease in
opioid consumption). Furthermore, a sensitivity analysis of this result
using patients' IBW found a marginally statistically significant asso-
ciation in the opposite direction (1.03% [0.01%, 2.06%] per 5 per-
centile increase in BMI, P = 0.049), again with very limited clinical
importance.

Postoperative pain is commonly addressed by administration of
analgesic medications. Therefore, although our main interest was to
describe postoperative pain in this patient population, we chose a priori
to concomitantly compare opioid consumption between the groups.
Caregivers often aim to bring all patients to a certain “acceptable” level
of pain by administering opioids. Comparable patient-reported pain
scores should thus be evaluated in the context of opioid doses ad-
ministered. If pain scores become similar due to differences in opioid
administration, one should not conclude similarity in postoperative
pain. Nevertheless, our results found comparable pain scores without an
increase in opioid dosing, which strengthens our conclusion.

Pediatric obesity is a growing major health problem. However, there
is lack of opioid dosing guidelines; furthermore, the impact of obesity
on drug safety and clinical outcomes is poorly defined [10]. Several
previous studies demonstrated increased postoperative opioid require-
ments among obese patients, but these studies were all performed in
adults. Yen et al. found body weight to be the most significant predictor
of postoperative opioid demand in adults across various surgical pro-
cedures, while age above 60 years was predictive of lower demand [8].
However, their cohort included adults only, and the opioid dose was not
corrected for body weight. There are few studies evaluating pain and
opioid consumption in pediatric patients. Burke et al., in a retrospective
study, determined that obese children were more likely to receive
overdoses of morphine and 70% less likely to receive under-doses
compared to normal weight patients [9]. This is very concerning since
higher doses of opioids increase the risk of respiratory depression which
might be more common in obese children. But they corrected the doses
to patients' ideal body weight, which will necessarily seem like over-
dose in the obese population. Kendrick et al. discussed lack of clear
dosing guidelines for obese pediatric patients on many medications,
including opioids [10]. It is not clear whether ideal, lean, or actual body
weight should be used, but it is possible that with no clear guidelines
and no single accepted conversion method, many clinicians use actual
body weight for dosing purposes [19,20]. Our analysis was also

following this weight classification, since we felt it is the most com-
monly used. Our results did not demonstrate increased pain sensitivity
or analgesic requirements in children with higher BMIs. These results
contrast with some of the earlier descriptions in both adults and chil-
dren, but the obvious difference is that our analysis accounted for
weight-adjusted dosing. The most commonly used opioids in-
traoperatively in our institution are lipophilic (fentanyl). Obese patients
have more adipose tissue, which might also explain why they required
similar doses as non-obese patients per Kg of actual body weight.

Our study has several limitations. We only included patients 8 years
or older, since we felt their ability to report pain scores is more reliable,
while younger patients often use other scales to grade pain intensity,
such as the nonverbal pain assessment tool (NPAT). Since we were
interested in good quality of pain documentation, we only included
patients who had 48 h of pain scores, and therefore excluded a large
population of patients undergoing ambulatory or short overnight stays.
We also excluded emergent cases and patients with chronic pain or
chronic opioid use. Our results obviously do not apply to all these pa-
tients, for which a modified postoperative analgesic approach might be
justified.

Our analysis of opioid consumption used a weight-adjusted dose of
morphine equivalents per actual body weight. Therefore, similarity of
doses between the groups means that obese patients received a higher
total absolute dose of opioids. Unlike adults, in whom postoperative
opioid administration is largely not weight adjusted, the common
clinical practice in pediatric patients is to dose most medications ac-
cording to weight. Therefore, the appropriate conclusions from our
results are that in pediatric surgical inpatients, increased BMI is not
associated with higher pain scores, nor with increased opioid con-
sumption, when measured per Kg actual body weight.

It should also be noted that the opioid doses administered post-
operatively in our cohort are substantially lower than the intraoperative
doses. This is unsurprising, since many clinicians use high doses of
short-acting opioids during surgery, with only a modest postoperative
effect, and also use non-opioid analgesics in the postoperative period, as
part of opioid-sparing enhanced recovery pathways. About half the
patients in our cohort were treated postoperatively with non-steroidal
anti-inflammatory medications.

Our study suffers the common limitations of a retrospective ob-
servational analysis, such as potential observed and unobserved con-
founding and selection and measurement bias. For example, it is un-
clear whether clinicians caring for patients included in this analysis,
used actual or ideal body weight when dosing opioids. It is mostly
descriptive of a single-center experience and lacks the external gen-
eralizability and scientific validity of pharmacokinetic – pharmacody-
namic studies when used to guide medication dosing.

In conclusion, we found no clinically important increase in post-
operative pain or opioid requirements associated with increased BMI in
pediatric surgical inpatients between the ages 8 and 18 years.
According to our results, it seems clinicians can follow a similar dosing
approach in obese and non-obese patients in this age group when ad-
ministering opioids in the perioperative period. Further research is
necessary to address appropriate pain management in obese pediatric
patients not included in this analysis, such as patients having ambula-
tory surgery or who only have short postoperative hospitalization. More
definitive study designs such as a prospective cohort or a dose-effect
analysis are also warranted.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jclinane.2020.109729.
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