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Race, ethnicity and postoperative
pain in pediatric cancer patients: a
single-institution retrospective
study
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Background: Studies have suggested racial and ethnic-based disparities in the
intensity of postoperative pain experienced by patients. The objective of this
study was to compare the peak and average post-anesthesia care unit (PACU)
pain intensity scores of children of non-Hispanic (NH) White race to those of
children of other racial/ethnic groups.
Methods: Single-institution retrospective study of children (≤18 years) who had
undergone cancer-related surgical procedures from June 2016 through April
2022. Multivariable logistic regression was used to assess the association
between race/ethnicity and the peak and average PACU pain intensity scores.
Results: Of the 1,009 unique patients, 74 (7.3%) were Asian, 93 (9.2%) were
NH-Black, 310 (30.7%) were Hispanic/Latino, 51 (5.1%) identified as “Other” race
(NH-Other), and 481 (47.7%) were NH-White. The median age [interquartile
range (IQR)] was 13.7 years (IQR, 8.2–16.6), and 517 (51.2%) were female.

In the multivariable analysis, the association between race/ethnicity and a peak
PACU pain score greater than 3 was not significant (p= 0.062 for overall effect of
race). However, upon comparing the peak PACU pain scores of children of other
racial/ethnic groups to NH-White children, NH-Black children were 50.1% less
likely than NH-White children to have a peak PACU pain score greater than 3
(odds ratio [OR], 0.499, 95% confidence interval [CI], 0.304–0.818; p= 0.006).
Patient race/ethnicity was not associated with an average PACU pain score
greater than 3 (p= 0.778).

In the sub-group analysis of children who had undergone orthopedic or open
abdominal surgeries, the proportions of children with peak and average PACU pain
scores which were greater than 3 were not significantly different across racial/
ethnic groups (p= 0.250 and p= 0.661, respectively).
Conclusions: In this retrospective study of children who had undergone
cancer-related surgery, NH-Black children had significantly lesser odds than
NH-White children of having a peak PACU pain score of moderate or severe
intensity. However, in the sub-group analysis of children who had undergone
orthopedic or open abdominal procedures, peak and average PACU pain scores
were not significantly different across racial/ethnic groups.
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1. Introduction

In the United States, an estimated 3.9 million surgical procedures

are performed on children yearly (1). Despite the availability of

analgesic options and guidelines, up to 60% of children experience

postoperative pain of a moderate or severe nature (2, 3).

Studies suggest that the intensity of postoperative pain

experienced by children may be associated with their race or

ethnicity (4–7). For example, in a prospective observational study

of 194 children who underwent tonsillectomy or adenoidectomy,

Sadhasivam and colleagues reported higher peak post-anesthesia

care unit (PACU) pain scores and higher odds of analgesic

intervention in Black children than in White children (4). In

another prospective observational study of 771 children who

underwent a variety of elective outpatient surgical procedures,

minority children had 63% higher odds of receiving intravenous

opioids in the recovery room than white children (5).

However, perhaps underlying the complexity of this subject, a

retrospective cohort study of children who underwent

tonsillectomy and adenoidectomy reported lesser postoperative

opioid requirement in Latino children than in White children

(7). Furthermore, other studies, including a retrospective review

of more than 29,000 cases, found no association between a

child’s race or ethnicity and their postoperative pain scores (8–10).

These differences in findings suggest that the interaction

between a child’s race and the intensity of postoperative pain is

complex, and a better understanding of the factors that influence

racial and ethnic disparities in postoperative pain intensity is

required. To the best of our knowledge, no studies have

examined whether racial or ethnic differences exist in the

postoperative pain experienced by children who have undergone

cancer-related surgical procedures. Filling this knowledge gap is

important since pediatric cancer patients and their parents

describe procedure-related pain as the most frequent and

distressing source of pain during cancer treatments (11, 12).

To that end, we conducted a single-institution retrospective

study to determine whether there was any difference between the

PACU pain intensity scores of Non-Hispanic (NH) White

children and those of children belonging to other racial or ethnic

groups. Based on the results of most available pediatric studies

on this subject, we hypothesized that PACU pain scores would

be similar between children of different races or ethnicities.
2. Materials and methods

This study was approved by the Institutional Review Board

(IRB) of the University of Texas MD Anderson Cancer Center

on August 1, 2022 (IRB # PA 16-0160). Due to the retrospective

nature of this study, the requirement for written informed

consent was waived. Study variables were stored on the Research

Electronic Data Capture web platform hosted by the University

of Texas MD Anderson Cancer Center. Our findings are

reported in accordance with the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) statement (13).
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2.1. Study cohort

The electronic data warehouse of the University of Texas MD

Anderson Cancer Center was used to identify pediatric (≤18
years of age) patients who had undergone surgical procedures

between June 1, 2016, and April 30, 2022. Only the index

surgical encounter for each patient was considered to avoid over-

representation of individual patients. Records without patient

race or ethnicity as well as those without PACU pain intensity

scores were excluded. The patient selection process is illustrated

in the STROBE flow diagram (Appendix A).
2.2. Study variables

Baseline and several potentially confounding perioperative

variables were extracted from the institutional data warehouse

sub-sections and summarized in Table 1. The primary exposure

variable was the parent or guardian-provided race and ethnicity

of their child. Accordingly, children were divided into the

following groups: Asian, NH-Black, Hispanic/Latino, NH-Other,

and NH-White. Of note, due to the small number of patients (n

= 4), children of American Indian or Alaska Native race were

combined with those who self-identified as “Other” race.

All surgical procedures were included. However, because of their

potential for confounding, the most extensive and invasive categories

of pediatric surgical procedures performed at our institution

(thoracotomies, open abdominal, orthopedic, and craniotomy)

were selected for comparison. Opioid doses were converted to

weight-based morphine daily dose equivalents (MEDD/kg).
2.3. Outcome measures

The primary outcome variables for this study were the highest

and average pain intensity scores in the PACU.
2.4. Intraoperative opioid administration

Intraoperative anesthesia management was not standardized

and varied according to the type of surgical procedure and

physician preferences. Opioids were administered as boluses or as

a combination of boluses and infusions. The opioids

administered as boluses included fentanyl, hydromorphone,

methadone, morphine, and sufentanil. Opioid infusions included

fentanyl, sufentanil, and remifentanil.
2.5. Postoperative pain management

The attending anesthesiologist for each case was responsible for

PACU pain management orders. An institutional pediatric PACU

pain management order-set with options for treating mild,

moderate, or severe pain was used. However, this order-
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TABLE 1 Perioperative characteristics of 1,009 pediatric cancer patients.

Variable, no. (%) All
(n = 1,009)

Asian
(n = 74)

NH-Black
(n = 93)

Hispanic/
Latino

(n = 310)

NH-Other
(n = 51)

NH-White
(481)

p-
Value

Age, years. [median (IQR)] 13.7 (8.2, 16.6) 11.4 (5.6, 16.0) 13.0 (6.9, 15.9) 13.0 (6.8, 16.2) 14.0 (8.3, 16.9) 14.4 (9.8, 16.9) <0.001

Gender
Female 517 (51.2) 42 (56.8) 47 (50.5) 152 (49) 26 (51) 250 (52) 0.803

Male 492 (48.8) 32 (43.2) 46 (49.5) 158 (51) 25 (49) 231 (48)

ASA class
I/II 381 (37.8) 27 (36.5) 27 (29) 111 (35.8) 15 (29.4) 201 (41.8) 0.078

III/IV 628 (62.2) 47 (63.5) 66 (71) 199 (64.2) 36 (70.6) 280 (58.2)

Body mass index [median, (IQR)] 20.5 (17.3, 24.3) 18.7 (15.8, 21.5) 20.0 (16.4, 24.0) 21.2 (17.4, 26.1) 20.0 (16.0, 22.9) 20.7 (17.6, 24.2) <0.001

Anxiety/depression
No 958 (94.9) 70 (94.6) 91 (97.8) 301 (97.1) 49 (96.1) 447 (92.9) 0.067

Yes 51 (5.1) 4 (5.4) 2 (2.2) 9 (2.9) 2 (3.9) 34 (7.1)

Chronic pain
No 1,007 (99.8) 74 (100) 93 (100) 310 (100) 51 (100) 479 (99.6) 0.707

Yes 2 (0.2) 0 (0) 0 (0) 0 (0) 0 (0) 2 (0.4)

Preoperative opioid use
No 919 (91.1) 70 (94.6) 86 (92.5) 282 (91) 46 (90.2) 435 (90.4) 0.836

Yes 90 (8.9) 4 (5.4) 7 (7.5) 28 (9) 5 (9.8) 46 (9.6)

Open abdominal surgery
No 971 (96.2) 71 (95.9) 88 (94.6) 301 (97.1) 48 (94.1) 463 (96.3) 0.622

Yes 38 (3.8) 3 (4.1) 5 (5.4) 9 (2.9) 3 (5.9) 18 (3.7)

Thoracotomy
No 1,004 (99.5) 74 (100) 93 (100) 308 (99.4) 51 (100) 478 (99.4) 1.000

Yes 5 (0.5) 0 (0) 0 (0) 2 (0.6) 0 (0) 3 (0.6)

Orthopedic surgery
No 864 (85.6) 67 (90.5) 83 (89.2) 276 (89) 46 (90.2) 392 (81.5) 0.016

Yes 145 (14.4) 7 (9.5) 10 (10.8) 34 (11) 5 (9.8) 89 (18.5)

Craniotomy
No 1,006 (99.7) 74 (100) 93 (100) 309 (99.7) 50 (98) 480 (99.8) 0.289

Yes 3 (0.3%) 0 (0) 0 (0) 1 (0.3%) 1 (2%) 1 (0.2%)

Anesthesia duration and opioid administration
Anesthesia duration, minutes [median (IQR)] 130 (86, 190) 111 (77, 177) 126 (85, 174) 116 (79, 163) 116 (84, 161) 144 (94, 209) <0.001

Intraoperative opioid dose, MEDD/kg
[median (IQR)]

0.37 (0.24, 0.55) 0.35 (0.23, 0.62) 0.36 (0.19, 0.51) 0.35 (0.22, 0.49) 0.34 (0.19, 0.48) 0.39 (0.27, 0.62) 0.010

PACU opioid dose, MEDD/kg [median
(IQR)]

0.00 (0.00, 0.09) 0 (0.00, 0.05) 0.00 (0.00, 0.06) 0.00 (0.00, 0.08) 0.00 (0.00, 0.05) 0.04 (0.00, 0.10) <0.001

Regional anesthesia
No 992 (98.3) 74 (100) 92 (98.9) 305 (98.4) 49 (96.1) 472 (98.1) 0.557

Yes 17 (1.7) 0 (0) 1 (1.1) 5 (1.6) 2 (3.9) 9 (1.9)

Peak PACU pain score >3
No 461 (45.7) 37 (50) 56 (60.2) 151 (48.7) 27 (52.9) 190 (39.5) 0.001

Yes 548 (54.3) 37 (50) 37 (39.8) 159 (51.3) 24 (47.1) 291 (60.5)

Peak PACU pain score, median (IQR) 4 (0, 7) 4 (0, 6) 1 (0, 6) 4 (0, 7) 3 (0, 7) 5 (0, 7) 0.010

Average PACU pain score >3
No 815 (80.8) 64 (86.5) 76 (81.7) 255 (82.3) 44 (86.3) 376 (78.2) 0.273

Yes 194 (19.2) 10 (13.5) 17 (18.3) 55 (17.7) 7 (13.7) 105 (21.8)

Average PACU pain score, median (IQR) 1.2 (0.0, 2.6) 1.0 (0.0, 2.3) 0.1 (0.0, 2.1) 1.0 (0.0, 2.6) 1.0 (0.0, 2.6) 1.5 (0.0, 2.9) 0.002

NH, non-hispanic; ASA, American society of anesthesiologists; BMI, body mass index; MEDD, morphine equivalent daily dose; PACU, post anesthesia care unit; IQR,

interquartile range.
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set allowed for physician discretion in the choices, dosages, and

timing of the analgesics to be administered.

Assessment of postoperative pain intensity was carried out by

PACU nurses and recorded on the appropriate 11-point (0—no

pain, to 10—worst pain) rating scale. These included, Wong-Baker
Frontiers in Anesthesiology 03
FACES and Modified Behavioral Pain Scales for non-verbal

children, and the Verbal Numerical Rating Scale for older children.

An initial pain assessment was carried out upon arrival at the

PACU and every hour thereafter. Additional pain assessments were

carried out thirty minutes after administering analgesic medications.
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2.6. Statistical analysis

Patients’ demographics, treatment, and clinical outcomes were

summarized through descriptive statistics. Wilcoxon rank-sum test

was used to compare location parameters of continuous

distributions between patient groups. The Chi-square test or

Fisher’s exact test was used to evaluate the association between

two categorical variables. Univariable and multivariable logistic

regression models were fitted to estimate the effects of important

covariates on the highest or average PACU pain score greater than

3. Statistical software SAS 9.4 (SAS, Cary, NC) and Splus 8.2

(TIBCO Software Inc., Palo Alto, CA) were used for the analyses.
3. Results

3.1. Study population

A total of 1,009 unique patients were included in the analysis.

Their median age [interquartile range (IQR)] was 13.7 years (IQR,

8.2–16.6), and 517 (51.2%) were female. Of the 1,009 children, 74

(7.3%) were Asian, 93 (9.2%) were NH-Black, 310 (30.7%) were

Hispanic/Latino, 51 (5.1%) identified as “Other” race, and 481

(47.7%) were NH-White. Other baseline characteristics of the

study population are shown in Table 1.

There were significant differences across racial/ethnic groups in

the baseline characteristics of age (p < 0.001) and body mass index

(p < 0.001), with NH-White children being older and the group of

Hispanic/Latino children having the highest BMI. Anesthesia

duration (p < 0.001), rates of orthopedic surgery (p = 0.016),

amounts of opioids administered intraoperatively (p = 0.010), and

the amounts of opioids administered in the PACU (p < 0.001)

were also significantly different across racial/ethnic groups.

Among these significant differences, the group of NH-White

children had longer anesthesia duration, had a higher proportion

of those who had orthopedic surgery and had higher amounts of

opioids administered intraoperatively and in the PACU (Table 1).
3.2. Peak post-anesthesia care unit pain
intensity scores

In the univariable analysis (Table 1), the distribution of peak

PACU pain scores was significantly different across racial or

ethnic groups. Specifically, the group of NH-White children had

a significantly higher proportion of patients with a peak PACU

pain score greater than 3 (p = 0.001) and a significantly higher

median value for the peak PACU pain score (p = 0.010).

Univariable analysis of the association between peak PACU

pain scores and other patient characteristics is shown in Table 2.

Compared to the group of children with a peak pain score

greater than 3, those with a score of 3 or less were younger

(difference in mean, −3.5 years [95% confidence interval (CI),

−4.1, −2.9], p < 0.001), had lower body mass index (difference in

mean, −1.5 [95% CI, −2.4, −0.7], p < 0.001), and were less likely
Frontiers in Anesthesiology 04
to have a history of anxiety/depression (p < 0.001) or

preoperative opioid use (p < 0.001).

Furthermore, the group of children with a peak pain score of 3

or less had shorter anesthesia duration (difference in mean

minutes, −85 [95% CI, −98, −72], p < 0.001), received less

opioids intraoperatively (difference in mean MEDD/kg, −0.23
[95% CI, −0.27, −0.18], p < 0.001) and in the PACU (difference

in mean MEDD/kg, −0.101 [95% CI, −0.112, −0.090], p < 0.001),
and were less likely to have undergone open abdominal (9/38

[23.7%] vs. 29/38 [76.3%]; p = 0.006) or orthopedic procedures

(28/145 [19.3%] vs. 117/145 [80.7%]; p < 0.001). Notably,

compared to NH-White children, NH-Black children had shorter

anesthesia duration (median 126 min vs. 144 min), received less

opioids intraoperatively (median 0.36 MEDD/kg vs. 0.39 MEDD/

kg), and in the PACU (median 0.00 MEDD/kg vs. 0.04 MEDD/

kg), and had a lesser proportion of orthopedic procedures (10.8%

vs. 18.5%).

With the adjustment of gender, American Society of

Anesthesiologists physical status class (ASA), orthopedic surgery,

preoperative anxiety/depression, preoperative opioid use, regional

anesthesia, age, and body mass index, the association between race

and a peak PACU pain score greater than 3 was not significant

(p = 0.062 for the overall effect of race). However, upon

comparing children of other racial or ethnic groups to NH-White

children (Table 3), NH-Black children had significantly lower

odds than NH-White children of having a peak PACU pain score

greater than 3 (odds ratio [OR], 0.499, 95% confidence interval

[CI], 0.304–0.818; p = 0.006). Other factors which were

independently associated with a peak PACU pain score greater

than 3 included orthopedic surgery (OR, 3.651 [95% CI, 2.308–

5.777]; p < 0.001), a history of anxiety or depression (OR, 2.050

[95% CI, 1.001–4.199]; p = 0.050), opioid use within 3 months

before surgery (OR, 1.905 [95% CI, 1.121–3.236]; p = 0.017) and

increasing age (OR, 1.147 [95% CI, 1.110–1.185]; p < 0.001).
3.3. Average post-anesthesia care unit pain
intensity scores

In the univariable analysis (Table 1), there was no difference

across racial or ethnic groups in the proportions of children with

an average PACU pain score greater than 3 (p = 0.273). However,

the median of the average PACU pain scores differed

significantly across racial or ethnic groups, with the group of

NH-White children having the highest median value (p = 0.002).

Furthermore, compared to the group of children with an

average PACU pain score greater than 3 (Table 2), those with a

pain score of 3 or less were younger (difference in mean, −3.6
years [95% CI, −4.2, −3.0], p < 0.001), had lower body mass

index (difference in mean, −2.3 [95% CI, −3.2, −1.3], p < 0.001),
and more likely without a history of anxiety/depression (783/958

[81.7%] vs. 175/958 [18.3%]; p < 0.001) or preoperative opioid

use (759/919 [82.6%] vs. 160/919 [17.4%]; p < 0.001).

In addition, the group of children with an average pain score of

3 or less had shorter anesthesia duration (difference in mean

minutes, −68 [95% CI, −89, −47], p < 0.001), received less
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TABLE 2 Recovery room pain scores by patient characteristics.

Variable All (no. =
1,009)

Peak PACU pain score Diff in mean (95% CI) Average PACU pain Score Diff in mean (95% CI)

≤3 >3 p-
Value

≤3 >3 p-
Value

Age, mean ± SD, years 12.1 ± 5.2 10.2 ± 5.5 13.7 ± 4.3 <0.001 −3.5 (−4.1, −2.9) 11.44 ± 5.3 15.03 ± 3.2 <0.001 −3.58 (−4.17, −3.00)

Gender, no. (%)
Female 517 (51.2) 228 (44.1) 289 (55.9) 0.299 414 (80.1) 103 (19.9) 0.565

Male 492 (48.8) 233 (47.4) 259 (52.6) 401 (81.5) 91 (18.5)

BMI, mean ± SD 21.7 ± 6.7 20.9 ± 7.4 22.4 ± 6.0 <0.001 −1.5 (−2.4, −0.7) 21.3 ± 6.9 23.5 ± 5.7 <0.001 −2.3 (−3.2, −1.3)

ASA Class, no. (%)
I/II 381 (37.8) 164 (43.0) 217 (57.0) 0.189 305 (80.1) 76 (19.9) 0.651

III/IV 628 (62.2) 297 (47.3) 331 (52.7) 510 (81.2) 118 (18.8)

Race, no. (%)
Asian 74 (7.3) 37 (50.0) 37 (50.0) 0.001 64 (86.5) 10 (13.5) 0.273

NH-Black 93 (9.2) 56 (60.2) 37 (39.8) 76 (81.7) 17 (18.3)

Hispanic/Latino 310 (30.7) 151 (48.7) 159 (51.3) 255 (82.3) 55 (17.7)

NH-Other 51 (5.1) 27 (52.9) 24 (47.1) 44 (86.3) 7 (13.7)

NH-White 481 (47.7) 190 (39.5) 291 (60.5) 376 (78.2) 105 (21.8)

Anxiet/Depression, no. (%)
No 958 (95.0) 450 (47.0) 508 (53.0) <0.001 783 (81.7) 175 (18.3) <0.001

Yes 51 (5.1) 11 (21.6) 40 (78.4) 32 (62.7) 19 (37.3)

Chronic pain, no. (%)
No 1,007

(99.8)
461 (45.8) 546 (54.2) 0.503 814 (80.8) 193 (19.2) 0.348

Yes 2 (0.2) 0 (0) 2 (100) 1 (50) 1 (50)

Preoperative opioid use, no. (%)
No 919 (91.1) 437 (47.6) 482 (52.4) <0.001 759 (82.6) 160 (17.4) <0.001

Yes 90 (8.9) 24 (26.7) 66 (73.3) 56 (62.2) 34 (37.8)

Procedure involved

Open abdomen, no. (%)
No 971 (96.2) 452 (46.5) 519 (53.5) 0.006 790 (81.4) 181 (18.6) 0.017

Yes 38 (3.8) 9 (23.7) 29 (76.3) 25 (65.8) 13 (34.2)

Thoracotomy, no. (%)
No 1,004

(99.5)
460 (45.8) 544 (54.2) 0.383 812 (80.9) 192 (19.1) 0.247

Yes 5 (0.5) 1 (20.0) 4 (80.0) 3 (60.0) 2 (40.0)

Orthopedic surgery, no. (%)
No 864 (85.6) 433 (50.1) 431 (49.9) <0.001 722 (83.6) 142 (16.4) <0.001

Yes 145 (14.4) 28 (19.3) 117 (80.7) 93 (64.1) 52 (35.9)

Craniotomy, no. (%)
No 1,006

(99.7)
461 (45.8) 545 (54.2) 0.255 813 (80.8) 193 (19.2) 0.473

Yes 3 (0.3) 0 (0) 3 (100) 2 (66.7) 1 (33.3)

Anesthesia duration, min
Mean ± SD 162 ± 117 116 ± 68 201 ± 133 <0.001 −85 (−98, −72) 149 ± 106 217 ± 140 <0.001 −68 (−89, −47)
Intraoperative opioid,
mean ± SD, MEDD/kg

0.45 ± 0.40 0.33 ± 0.24 0.55 ± 0.48 <0.001 −0.23 (−0.27, −0.18) 0.41 ± 0.39 0.61 ± 0.42 <0.001 −0.19 (−0.26, −0.13)

Regional anesthesia, no. (%)
No 992 (98.3) 455 (45.9) 537 (54.1) 0.394 803 (80.9) 189 (19.1) 0.346

Yes 17 (1.7) 6 (35.3) 11 (64.7) 12 (70.6) 5 (29.4)

PACU opioid, mean ± SD,
MEDD/kg

0.06 ± 0.11 0.005 ± 0.03 0.106 ± 0.13 <0.001 −0.101 (−0.112,
−0.090)

0.037 ± 0.086 0.155 ± 0.131 <0.001 −0.118 (−0.137,
−0.098)

NH, non-hispanic; ASA, American society of anesthesiologists; BMI, body mass index; MEDD, morphine equivalent daily dose; PACU, post anesthesia care unit; SD, standard

deviation.
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opioids during surgery (difference in mean MEDD/kg, −0.19 [95%

CI, −0.26, −0.13], p < 0.001) and in the PACU (difference in mean

MEDD/kg, −0.12 [95% CI, −0.14, −0.10], p < 0.001), and were

more likely not to have undergone open abdominal (790/971

[81.4%] vs. 181/971 [18.6%]; p = 0.017) or orthopedic procedures
Frontiers in Anesthesiology 05
(722/864 [83.6%] vs. 142/864 [16.4%]; p < 0.001). Similar to

observations of the group of patients with peak PACU pain

scores of 3 or less, the characteristics of the group with an

average score of 3 or less were similar to factors associated with

the group of NH-Black patients’ experience.
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TABLE 3 Multivariable logistic regression analysis of the effects of important covariates on recovery room pain scores.

Effect Highest PACU pain score >3 Average PACU pain score >3

p-Value Odds ratio (95% confidence interval) p-Value Odds ratio (95% confidence interval)
Female vs. male 0.120 1.244 (0.945–1.639) 0.413 1.153 (0.821–1.619)

ASA 3/4 vs. 1/2 0.094 0.778 (0.579–1.044) 0.146 0.766 (0.535–1.097)

Race/ethnicity
Asian vs. white 0.758 0.919 (0.536–1.575) 0.526 0.782 (0.366–1.670)

NH-black vs. white 0.006 0.499 (0.304–0.818) 0.980 0.992 (0.536–1.835)

Hispanic or Latino vs. white 0.476 0.891 (0.648–1.225) 0.955 0.989 V0.667–1.465)

Other vs. White 0.138 0.620 (0.329–1.166) 0.233 0.583 (0.240–1.416)

Orthopedic surgery <0.001 3.651 (2.308–5.777) <0.001 2.537 (1.667–3.861)

History of Anxiety/Depression 0.050 2.050 (1.001–4.199) 0.083 1.755 (0.930–3.313)

Preoperative opioid use 0.017 1.905 (1.121–3.236) 0.002 2.238 (1.357–3.692)

Regional anesthesia 0.729 0.827 (0.282–2.422) 0.955 0.968 (0.312–3.000)

Age <0.001 1.147 (1.110–1.185) <0.001 1.187 (1.129–1.249)

Body mass index 0.328 0.988 (0.963–1.013) 0.735 1.005 (0.976–1.034)

ASA, American society of anesthesiologists.
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In the multivariable analysis (Table 3), patient race was not

associated with an average PACU pain score greater than 3 (p =

0.778). Factors that were independently associated with an average

PACU pain score greater than 3 included orthopedic surgery (OR,

2.537 [95% CI, 1.667–3.861]; p < 0.001), preoperative opioid use

(OR, 2.238 [95% CI, 1.357–3.692]; p = 0.002), and increasing age

(OR, 1.187 [95% CI, 1.129–1.249]; p < 0.001).
3.4. Sub-group analysis of children who had
orthopedic or open abdominal surgery

In the sub-group analysis of children who had undergone

orthopedic or open abdominal surgery (Table 4), there were no

significant differences across racial/ethnic groups in the potentially

confounding baseline characteristics of age (p = 0.420), anxiety/

depression (p = 0.682), chronic pain (p = 1.000), and preoperative

opioid use (p = 0.715). Furthermore, anesthesia duration (p = 0.321),

intraoperative opioid dose (p = 0.076), and the use of regional

anesthesia (p = 0.289) were similar across racial/ethnic groups.

PACU opioid requirements were similar across racial/ethnic

groups (p = 0.507), and the proportions of children with peak

and average PACU pain scores which were greater than 3 did

not differ significantly across racial/ethnic groups (p = 0.250 and

p = 0.661, respectively).
4. Discussion

In this retrospective study of pediatric patients with cancer who

had undergone surgery, race or ethnicity was not associated with

peak or average PACU pain scores greater than 3. However,

compared to NH-White children, NH-Black children had

significantly lesser odds of having a peak PACU pain score

greater than 3.

To the best of our knowledge, ours is the first study in the

pediatric patient population to report lesser odds of peak PACU

pain scores of a moderate or severe nature in NH-Black children
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than in NH-White children. There are several potential reasons

for this difference in findings. Firstly, our study included a

variety of surgical procedures, which despite the multivariable

analysis, may have resulted in an unequal comparison of the

invasiveness of the procedures. Specifically, the group of NH-

Black children had shorter anesthesia duration, a lesser

proportion of orthopedic procedures, and received lower doses of

intraoperative opioids than NH-White children. This may suggest

that NH-Black children had undergone less invasive or less

painful procedures than NH-White children as a group.

In fact, in our sub-group analysis of children who had

undergone orthopedic or open abdominal procedures, where the

potentially confounding factors of anesthesia duration,

intraoperative opioid administration, and PACU opioid

administration were similar across racial/ethnic groups, peak and

average PACU pain scores were not significantly different

between children of different races or ethnicities. This may

suggest that the intensity of postoperative pain experienced by

our patient population was mostly influenced by the nociceptive

response evoked by the surgical procedures.

Similar to the results of our sub-group analysis, Rosenbloom

and colleagues reported similar intraoperative opioid

administration and peak PACU pain scores between Black and

White children who had undergone emergency appendectomy

(8). Furthermore, in another retrospective study of 21,229

anesthetics of children who had undergone a variety of surgical

procedures, intraoperative analgesic administration was not

significantly different between Black and NH-White children.

Postoperatively, Black and NH-White children had similar odds

of having a pain score ≥4 on awakening. Of note, Asian children

in this study had significantly lower odds of receiving non-opioid

adjuncts intraoperatively and had significantly lower odds of

reporting pain ≥4 on awakening (9).

On the other hand, in the prospective observational study of

194 children who underwent tonsillectomy and adenoidectomy,

despite similar intraoperative morphine dosage, Sadhasivam and

colleagues reported higher peak PACU pain scores and higher

odds of analgesic intervention in Black children than in White
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TABLE 4 Sub-group analysis of 183 children who had open abdominal or orthopedic surgeries.

Variable, no. (%) All
(n = 183)

Asian
(n = 10)

NH-black
(n = 15)

Hispanic/Latino
(n = 43)

NH-other
(n = 8)

NH-white
(n = 107)

p-
Value

Age, years [median (IQR)] 14.6 (11.1, 16.8) 15.0 (8.0, 16.6) 15.8 (11.7, 17.9) 14.3 (10.2, 16.5) 15.6 (13.5, 17.3) 14.2 (11.4, 16.8) 0.420

Body mass index [median, (IQR)] 21.2 (18.0, 24.3) 18.8 (15.9, 24.3) 22.1 (19.0, 25.1) 20.7 (18.4, 24.3) 20.9 (16.9, 27.8) 21.2 (18.3, 24.0) 0.870

Anxiety/depression
No 170 (92.9) 9 (90) 13 (86.7) 40 (93) 8 (100) 100 (93.5) 0.682

Yes 13 (7.1) 1 (10) 2 (13.3) 3 (7.0) 0 (0.0) 7 (6.5)

Chronic pain
No 182 (99.5) 10 (100) 15 (100) 43 (100) 8 (100) 106 (99.1) 1.000

Yes 1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.9)

Preoperative opioid use
No 157 (85.8) 8 (80) 14 (93.3) 37 (86) 6 (75) 92 (86) 0.715

Yes 26 (14.2) 2 (20.0) 1 (6.7) 6 (14.0) 2 (25.0) 15 (14.0)

Anesthesia duration, minutes [median (IQR)] 195 (152, 271) 282 (165, 564) 240 (171, 344) 182 (153, 251) 206 (154, 314) 194 (145, 266) 0.321

Intraoperative opioid dose, MEDD/kg [median (IQR)] 0.58 (0.38, 0.83) 0.90 (0.67, 2.51) 0.48 (0.36, 0.86) 0.56 (0.39, 0.74) 0.52 (0.46, 1.09) 0.59 (0.36, 0.83) 0.076

PACU opioid dose, MEDD/kg [median (IQR)] 0.07 (0, 0.14) 0.07 (0.05, 0.15) 0.07 (0.00, 0.13) 0.06 (0.00, 0.10) 0.08 (0.03, 0.16) 0.07 (0.03, 0.15) 0.507

Regional anesthesia
No 171 (93.4) 10 (100) 14 (93.3) 41 (95.3) 6 (75) 100 (93.5) 0.289

Yes 12 (6.6) 0 (0.0) 1 (6.7) 2 (4.7) 2 (25) 7 (6.5)

Peak PACU pain score >3
No 37 (20.2) 0 (0.0) 4 (26.7) 12 (27.9) 2 (25) 19 (17.8) 0.250

Yes 146 (79.8) 10 (100) 11 (73.3) 31 (72.1) 6 (75) 88 (82.2)

Peak PACU pain score, median (IQR) 6 (4, 8) 8 (6, 9) 7 (2, 8) 6 (3, 7) 6 (4, 9) 6 (4, 8) 0.339

Average PACU pain score >3
No 118 (64.5) 7 (70) 7 (46.7) 29 (67.4) 5 (62.5) 70 (65.4) 0.661

Yes 65 (35.5) 3 (30) 8 (53.3) 14 (32.6) 3 (37.5) 37 (34.6)

Average PACU pain score, median (IQR) 2.5 (1,1, 3.9) 2.8 (1.5, 4.3) 3.2 (0.3, 4.1) 2.0 (0.8, 3.9) 2.7 (1.6, 4.6) 2.5 (1.4, 3.8) 0.830

NH, non-hispanic; ASA, American society of anesthesiologists; BMI, body mass index; MEDD, morphine equivalent daily dose; PACU, post anesthesia care unit; IQR,

interquartile range.
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children (4). The authors suggested higher morphine clearance in

Black children may have contributed to their higher morphine

requirements and higher pain scores.

It is not entirely clear why this finding differs from our

observation. A primary reason may be due to differences in study

design. Unlike our study, where several types of surgeries were

included, and anesthesia and PACU care were tailored to

individual patient needs, Sadhasivam and colleagues studied a

specific type of surgical procedure and used standardized

anesthesia and PACU protocols. This may have enabled them to

detect patient-level differences in their particular surgical

population. However, it is notable that in their prospective

observational study of 771 children who underwent a variety of

elective outpatient surgical procedures, Nafiu and colleagues

observed that minority children had 63% higher odds of receiving

intravenous opioids in the recovery room than white children (5).

This suggests that in addition to the lack of standardization of

surgical and anesthesia protocols, other factors may influence the

findings in this area of research. Indeed, contrary to the findings

of Nafiu and colleagues, in a cohort of children who had

undergone tonsillectomy and adenoidectomy, Latino children had

similar median postoperative pain scores as White children and

received approximately 30% less opioid in the recovery room than

White children (7). In addition to communication difficulties, the

authors suggested that biological and cultural factors may have

been responsible for the difference in findings.
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Another potential explanation for our findings may be related

to the setting in which our study was performed. Specifically, ours

is single-institution study from a tertiary academic center where

physician performance metrics including postoperative pain

scores of patients are tracked and discussed annually with the

individual physician. In addition, individual PACU nursing

metrics including pediatric pain assessment, intervention, and

reassessment are periodically audited. The latter may have

particularly influenced the non-association between patient race

or ethnicity and average PACU pain scores.

Reports of racial bias in pain assessment invariably raises

concerns about provider-level bias in our study population (14).

However, for the following reasons, we consider this unlikely.

Firstly, NH-Black children received the least amounts of opioid

in both the operating room and the PACU, whereas NH-White

children had the highest or among the highest doses of opioids

administered in both environments. This suggest that differences

in PACU pain scores were more likely the result of differences in

the invasiveness of procedures undergone. Secondly, over the

duration of PACU stay, the odds of having an average PACU

pain score greater than 3 was not significantly associated with

patient race or ethnicity.

Similar to the results of previous studies, age, orthopedic

surgery, preoperative opioid use, and anxiety or depression were

each associated with higher odds for peak or average PACU pain

scores of a moderate or severe nature (2, 15–17).
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4.1. Limitations

This study has its limitations. Firstly, including several types of

surgical procedures in our analysis did not enable us to determine

if there were any racial or ethnic-based differences in postoperative

pain after specific procedures. In addition, there were significant

differences in several patient characteristics, including age, types

of surgery, and anesthesia duration which may have confounded

our results. Although this may have been somewhat corrected in

the sub-group analysis, the potential for confounding cannot be

completely ruled out. Furthermore, studies have shown culture’s

influence on pain (18, 19). To that end, while disaggregating the

study population into five racial/ethnic groups may have aided in

identifying the observed disparity, it may not have sufficiently

accounted for cultural differences within and across the racial/

ethnic groups. Another significant limitation is the retrospective

nature of this study and the subjective nature of the study

endpoint. Thus, we cannot rule out biases in assessing pain

intensity in non-verbal children.
5. Conclusions

In this study of 1,009 children who had undergone surgery at a

comprehensive cancer center, NH-Black children had 50.1% lesser

odds than NH-White children of having a peak PACU pain score

of a moderate or severe nature. However, in a sub-group analysis of

children who had undergone orthopedic or open abdominal

surgeries, the proportions of children with peak and average

PACU pain scores which were greater than 3 were not

significantly different across racial/ethnic groups. Further studies

are needed to better understand differences in postoperative pain

scores between children of different races and ethnicities.
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Appendix A: STROBE flow diagram of patient selection process
FIGURE 1
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