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BACKGROUND: Despite increased national attention on misuse of prescription and nonprescription opioids
for adolescents and children, little is known about opioid use in a pediatric population during
hospitalization for injury. The purpose of this investigation is to describe opioid administra-
tion and magnitude of opioid exposure in the first 48 hours of hospitalization in a pediatric
trauma population.

STUDY DESIGN: This is a secondary analysis of data collected for a randomized, prospective intervention study
at 4 Midwestern children’s trauma centers. Participants included children ages 10 to 17 years
old, admitted to the hospital for unintentional injury. Descriptive statistics and multivariable
modeling were used to characterize demographic factors and measure prevalence and magni-
tude of opioid use within the first 48 hours of hospitalization.

RESULTS: Among 299 participants, 82% received at least 1 opioid administration. Children had
increased odds of receiving an opioid (odds ratio [OR] 4.25; 95% CI 2.16 to 8.35) for every
log increase of Injury Severity Scores (ISS), yet the majority of children with minor injury
(61%) also received an opioid. Children with fractures and older children had higher odds
of receiving an opioid. Amount of opioid, expressed as morphine milligrams equivalent
(MME), significantly increased with child age, ISS, and fracture.

CONCLUSIONS: Most pediatric trauma patients received an opioid in the first 48 hours of hospitalization,
although prevalence and exposure varied by age, injury, and acuity. Aggressive pain manage-
ment can be appropriate for injured pediatric patients; however, study results indicate areas
for improvement, specifically for children with minor injuries and those receiving excessive
opioid amounts. (J Am Coll Surg 2019;229:404e414. � 2019 by the American College
of Surgeons. Published by Elsevier Inc. All rights reserved.)
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Abbreviations and Acronyms

ACS ¼ American College of Surgeons
AIC ¼ Akaike information criterion
ED ¼ emergency department
IQR ¼ interquartile range
ISS ¼ Injury Severity Score
MME ¼ morphine milligrams equivalent
OR ¼ Odds ratio
TBI ¼ traumatic brain injury
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Rates of opioid-related hospitalization and death are
increasing, particularly among children,1-3 and significant
national attention is focused on opioid misuse. Previous
studies have shown that opioid addiction frequently
begins in adolescence or young adulthood,4 and one-
quarter to one-third of young adults who report nonmed-
ical prescription opioid use had an earlier history of
prescribed medical opioid use.5-7

Unintentional injury is the leading cause of death and
disability among children, with more than 8 million chil-
dren treated for injury in emergency departments (ED)
each year.8-10 Many of these children experience moderate
to severe pain after trauma, and opioids are one way that
pain is treated.11-17 Inadequately managed pain can lead to
significant long-term consequences, such as post-traumatic
stress and substance abuse7,18-22; however, early exposure to
opioids has also been linked to similar outcomes.4,23,24

Opioids are often first-line treatment for moderate and
acute pain after trauma, yet many trauma centers lack
clear guidelines for when opioids are indicated in the
pediatric trauma population and for the maximum cumu-
lative amount of opioid to administer to pediatric pa-
tients. Although there is some guidance for managing
pain in children treated in the ED,25 children with chronic
pain,17 and children with acute postoperative pain,26 to
our knowledge there are no published, evidence-based,
pediatric-specific guidelines for pain management after
pediatric trauma. The CDC recommends that health
care providers exercise caution when administering more
than 50 morphine milligrams equivalent (MME) per
day; however, this recommendation pertains to chronic
pain in adults.27 By this same recommendation, excessive
exposure is considered administration of more than 90
MME per day. We are not aware of any maximum opioid
dosing recommendations for acute pain in adult or pedi-
atric trauma patients.
We cannot begin to address the public health crisis of

opioid abuse if we do not understand opioid prescribing
patterns for hospitalized pediatric trauma patients,
including prevalence of opioid use and potential
differences in opioid administration based on factors
such as age, sex, and injury. The purpose of this investiga-
tion is to describe opioid administration and magnitude
of opioid exposure in the first 48 hours of hospitalization
in a pediatric trauma population.

METHODS

Study population

This was a secondary analysis of baseline data collected for
a 3-year randomized, prospective study evaluating an
intervention to address child psychosocial functioning af-
ter unintentional trauma. Patients were admitted during
the study period (February 2015 to July 2017) to 1 of
4 verified American College of Surgeon (ACS) pediatric
trauma centers in the Midwest: Iowa City, IA (level I pe-
diatric trauma center); Des Moines, IA (level II); Kansas
City, MO (level I); and Minneapolis, MN (level I). Study
procedures for the Iowa City and Kansas City sites were
approved by the IRB at the University of Iowa, and study
procedures for the other 2 sites were approved by the IRBs
at those respective study hospitals.
Eligible participants included children ages 10 to 17

years, admitted to the hospital for unintentional injury.
One parent enrolled in the study with each child partici-
pant and each parent and child participant was compen-
sated $25 per questionnaire they completed at baseline
and follow-up. Study exclusion criteria were hospital
admission for intentional injuries or complications from
a previous injury; a score of less than 55 on the modified
Children’s Orientation and Amnesia Test (COAT)28; sig-
nificant psychiatric history; previous diagnosis of intellec-
tual deficit or psychosis; suicide attempt in previous year;
law enforcement involvement in incident; pregnancy; res-
idential treatment or foster care; non-English speaking
(parent or child); or injury that occurred more than 2
weeks before admission.

Study variables

Demographic variables were available from baseline sur-
vey responses, including child sex, ethnicity (Hispanic
or non-Hispanic), race (white or non-white), date of
birth, and annual family income. Patient variables
abstracted from the trauma registries at each study hospi-
tal included transfer from outside hospital, operative pro-
cedure, mechanical ventilation, hospital and ICU length
of stay, diagnosis, injured body region, Injury Severity
Score (ISS), and mechanism of injury. Because ISS does
not follow a normal distribution, it was log transformed
for use in multivariate models. Log transformation
included an adjustment of 1 unit to allow for inclusion
of individuals with ISS ¼ 0.
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Mechanism of injury and diagnosis codes were
recorded using both the ICD-9 and ICD-10. The Barrel
matrix was used to classify the nature of injury for ICD-9
codes, and the CDC Injury Mortality Diagnosis Matrix
was used to classify ICD-10 codes.29,30 Diagnoses were
grouped by nature of injury (fracture, internal, superficial,
traumatic brain injury [TBI], open wound, dislocation,
unspecified); categories were not mutually exclusive to
allow for multiple injuries. Injured body region was noted
if the body region (head, chest, abdomen, or extremity)
severity was �2 in each respective region. Multiple
injured body regions was defined as having more than 1
injured body region with severity � 2 in each region. Mi-
nor injury was defined as ISS 0 to 3, indicating that no
body region had a severity score greater than 1.
Through medical record review, we obtained total

amount of opioid (fentanyl, hydrocodone, hydromor-
phone, methadone, morphine, nalbuphine, oxycodone,
remifentanil, tramadol), sedative (dexmedetomidine, keta-
mine, propofol), and anxiolytic (diazepam, hydroxyzine,
lorazepam, midazolam) medication administered in the
first 48 hours after admission to the study hospital. This
included medication received in the ED and during the
inpatient stay, but excluded opioids administered in the
operating room, during transport to the study hospital,
or at the transferring hospital. In order to discuss the
magnitude of opioid exposure across different medica-
tions, opioid administration was converted to MME using
CDC guidelines27 and an equivalent opioid calculator.31 A
high amount of opioid was defined as 100 MME or
greater in a 48-hour period, and excessive exposure was
defined as 180 MME or greater in a 48-hour period;
both definitions were adapted from the CDC guideline
for management of chronic pain in adults.27

Statistical method

Analyses were performed with SAS 9.4 (SAS Institute
Inc). Descriptive statistics were examined and reported
for continuous data as medians and interquartile ranges
(IQR); categorical data were reported as counts and per-
centages. Chi-square tests with alpha 0.05 were used to
compare frequencies of categorical variables, and Wil-
coxon signed-rank tests were used to compare medians
for continuous variables. Correlations between variables
were assessed with Pearson correlation coefficients (r)
with 2-tailed tests of significance.
Child demographic and injury characteristics most

likely to result in the prescribing of an opioid were
evaluated using a logistic model. Children who received
mechanical ventilation were excluded from the model
because pain management for intubated children often
requires continuous intravenous opioid and sedative
infusions; patients with mechanical ventilation received
more MME than patients not receiving mechanical
ventilation (t ¼ -2.52, p ¼ 0.03). Variables were included
in a stepwise logistic model to determine the odds of being
administered an opioid, with Akaike information criterion
(AIC) used to determine the most appropriate model. The
AIC is a measure of how well predictors fit the data, while
penalizing for the numbers of predictors in the model.32

The resulting model balances bias and variance. With
the large number of candidate variables included in this
analysis, the use of AIC allowed for the identification of
predictive variables while also considering parsimony of
the model. The final model was evaluated for collinearity
by regressing the covariates in the final model with each
other. When 2 variables correlated by more than 50%, 1
predictor was kept in the model based on which of the
possible models resulted in the lowest AIC. Results are pre-
sented with odds ratios (OR) and CI.
Prediction of MME amount was completed using the

same procedures with linear regression; children who
received mechanical ventilation were excluded from the
model because sedation and analgesia protocols often
use continuous opioid infusion. A natural log transforma-
tion was applied to total MME to account for non-
normality. The model predicted a linear increase in log
MME for each of the covariates. To account for the log
transformation of opioid amount, the coefficients in the
predictive model were exponentiated to calculate the dif-
ference in the actual opioid amount resulting from the
variable. A normal distribution of the coefficient was
assumed to create a confidence interval of the difference
based on standard error of the coefficient. Child sex was
not an important predictor of MME amount, despite be-
ing an important predictor of opioid administration, but
was forced into the final log MME model to determine
the difference in MME between females and males.
Finally, when accounting for amount of opioid adminis-
tered, there were 2 possible outcomes variables: total
MME or total MME controlling for child weight
(MME/kg). Children less than 50 kg are typically admin-
istered opioids with weight-based dosing,33 but 60% of
children in the study weighed more than 50 kg. There-
fore, the model predicting total opioid amount was calcu-
lated for total MME amount, but additional models were
run accounting for child weight (MME/kg).
RESULTS
Of 1,688 pediatric trauma patients screened for study
eligibility, 868 (51%) children did not meet inclusion
criteria, 243 (14%) were missed recruits, 263 (16%)
declined participation, 15 (1%) withdrew from the study,
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Figure 1. Flow chart for the study sample.
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and 299 (18%) enrolled in the study (Fig. 1). As shown in
Table 1, the majority of children were male (63%), white
(85%), and non-Hispanic (93%). One-quarter of the
sample had an annual family income under $40,000.
Age was distributed as follows: 10 to 12 years (36%),
13 to 15 years (39%), and 16 to 17 years (24%). Fifty-
two percent of children were transferred to the study hos-
pital from another facility, and 51% of children received
an operative procedure during hospitalization. Figure 2 il-
lustrates the opioids administered during the study
period. Of the 244 children who received an opioid,
77% received more than 1 different type of opioid. The
most frequently administered opioids were morphine
(54%), fentanyl (53%), and hydrocodone (39%).

Opioid use patterns

Overall, 244 (82%) children received at least 1 opioid
administration in the first 48 hours of hospitalization.
There were no significant differences in opioid adminis-
tration across sex, study group, transfer status, or ICU
stay (Table 1). Sixty-eight percent of Hispanic children
received an opioid, compared with 82% of non-
Hispanic children, but this difference was not statistically
significant (p ¼ 0.10). Older children were more likely to
receive an opioid, with 72% of 10 to 12 year olds, 90% of
13 to 15 year olds, and 82% of 16 to 17 year olds
receiving an opioid (p ¼ 0.003). Children who experi-
enced an operative procedure were more likely to receive
an opioid than children who did not have an operative
procedure. There were no differences in opioid adminis-
tration between the 4 study sites (p ¼ 0.40).
The most common mechanisms of injury were pedes-

trian, cyclist, or other transportation accidents (28%) and
falls (27%); there was no association between mechanism
of injury and opioid administration (Table 2). The most
commonly injured body region was extremity (46%), and
96%of childrenwith an extremity injury received an opioid.
Forty-nine children hadminor injury (ISS 0 to 3), and 61%
of those children received an opioid. Children with fractures
were more likely to receive an opioid than children without
fractures (88% vs 70%, p < 0.001). Conversely, children
with TBI were less likely to receive an opioid than children
without TBI (63% vs 89%, p< 0.001). We found no asso-
ciation between opioid administration and injuries in
multiple body regions.

Prediction of opioid administration

A predictive model was built to identify factors associated
with children receiving an opioid in the first 48 hours of hos-
pitalization; the finalmodel excluded children receivingme-
chanical ventilation and included child age, sex, log ISS,
fracture, open wound, chest body region, and TBI
(Table 3). Controlling for other variables in the model, fe-
males were more likely to receive an opioid than males
(odds ratio [OR] 2.60, 95% CI 1.09 to 6.17), and children
with a higher ISS were also more likely to receive an opioid
(OR 4.25, 95% CI 2.16 to 8.35 per log increase in ISS).
Opioids were administered more frequently for older chil-
dren, with 13 to 15 year olds being most likely to be admin-
istered an opioid. A child with a fracture had greater
likelihood of opioid administration; chest injury and TBI
resulted in a lesser likelihood of opioid administration. Pa-
tients with open wounds had 3 times greater odds of
receiving an opioid; however, 80% of patients with open
wounds (45 of 56) had concomitant injuries.

Prediction of magnitude of opioid exposure

Figure 3 illustrates total MME administered in the first
48 hours of hospitalization; this figure excludes children
who received mechanical ventilation. Of the 232 children
without mechanical ventilation who received an opioid,
median MME over the 48-hour period was 56 (IQR 26,
118). One-third of children (n ¼ 82) received a high
amount of opioid (� 100 MME) and 12% (n ¼ 29) of
children received an excessive amount of opioid (� 180
MME) in the first 48 hours of hospitalization.
The final model predicting amount of opioid adminis-

tered included child age, sex, log ISS, fracture, open wound,
chest body region, and TBI (Table 4). Traumatic brain
injury was associated with the lowest amount of log MME
(b ¼ -0.61, standard error ¼ 0.18); children with TBI
received 46% less MME than those without a TBI when



Table 1. Patient Characteristics by Opioid Use (n ¼ 299)

Characteristic All patients (n ¼ 299)* No opioid (n ¼ 55)y Opioid (n ¼ 244)y p Value

Sex, n (%) 0.90

Male 188 (63) 35 (19) 153 (81)

Female 111 (37) 20 (18) 91 (82)

Age, n (%)z 0.003

10e12 y 109 (36) 30 (28) 79 (72)

13e15 y 118 (39) 12 (10) 106 (90)

16e17 y 72 (24) 13 (18) 59 (82)

Ethnicity, n (%) 0.10

Hispanic 22 (7) 7 (32) 15 (68)

Non-Hispanic 272 (91) 48 (18) 224 (82)

Refused/unknown 5 (2) 0 (0) 5 (100)

Race, n (%) 0.68

White 253 (85) 43 (17) 210 (83)

Nonwhite 30 (10) 6 (20) 24 (80)

Refused/unknown 16 (5) 6 (38) 10 (63)

Family income, n (%)z 0.38

$0e$39,999 73 (24) 15 (21) 58 (79)

$40,000e$99,999 114 (38) 16 (14) 98 (86)

�$100,000 87 (29) 19 (22) 68 (78)

Refused 19 (6) 5 (26) 14 (74)

Unknown 6 (2) 0 (0) 6 (100)

Study group, n (%) 0.92

Intervention 145 (48) 27 (19) 118 (81)

Control 154 (52) 28 (18) 126 (82)

Transferred to study hospital, n (%) 0.46

Transferred 155 (52) 31 (20) 124 (80)

Not transferred 144 (48) 24 (17) 120 (83)

Operative procedure, n (%) <0.001

Procedure 151 (51) 7 (5) 144 (95)

No procedure 148 (49) 48 (32) 100 (68)

ICU, n (%) 0.88

Any ICU days 73 (24) 13 (18) 60 (82)

No ICU days 226 (76) 42 (19) 184 (81)

MV, n (%) 0.48

Received MV 16 (5) 4 (25) 12 (75)

No MV 283 (95) 51 (18) 232 (82)

Sedative medication, n (%) <0.001

Received sedative 79 (26) 3 (4) 76 (96)

No sedative 220 (74) 52 (24) 168 (76)

Anxiolytic medication, n (%) <0.001

Received anxiolytic 103 (34) 2 (2) 101 (98)

No anxiolytic 196 (66) 53 (27) 143 (73)

Injury Severity Score, median (IQR) 5 (4, 9) 4 (1, 9) 5 (4, 9) 0.003

Hospital days, median (IQR) 2 (1, 3) 1 (1, 2) 2 (1, 3) <0.001

IQR, interquartile range; MV, mechanical ventilation.
*Column percentage.
yRow percentage.
zColumn percentage totals for all patients do not sum to 100% due to rounding.
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Figure 2. Opioids administered to study patients (n ¼ 224).
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controlling for other covariates in themodel. Those with su-
perficial injuries and chest injuries were also administered
fewer opioids when compared with children without these
Table 2. Injuries and Mechanisms of Injury by Opioid Use (n ¼
Injury All patients (n

Primary mechanism of injury, n(%)

Pedestrian, cyclist, other transportation 84 (2

Fall 80 (2

Motor vehicle collision 62 (2

Struck by/against 31 (1

Burn 12 (4

Cut/pierce 5 (2

Other/unspecified/unknown 25 (7

Injury type (not mutually exclusive), n (%)

Fracture 194 (6

Internal 108 (3

Traumatic brain injury 83 (2

Superficial 63 (2

Open wound 56 (1

Dislocation 18 (6

Unspecified 11 (4

Injured body region (not mutually exclusive), n (%)

Extremity 137 (4

Head 67 (2

Chest 46 (1

Abdomen 38 (1

No injured body region 61 (2

Minor injury (ISS � 3), n (%) 49 (1

Multiple injured body regions, n (%) 48 (1

ISS, Injury Severity Score.
*Column percentage.
yRow percentage.
injuries. As ISS increased,MME also increased; for example,
going from ISS¼ 2 to ISS¼ 8 resulted in an 81% (95%CI
43% to 129%) increase in MME administered while
299)

¼ 299)* No opioid (n ¼ 55)y Opioid (n ¼ 244)y p Value

8) 12 (14) 72 (86) 0.34

7) 15 (19) 65 (81) 0.76

1) 15 (24) 47 (76) 0.13

0) 9 (29) 22 (71) 0.08

) 0 (0) 12 (100) 0.13

) 1 (20) 4 (80) 0.99

) 3 (12) 22 (88) 0.59

5) 23 (12) 171 (88) <0.001

6) 32 (30) 76 (70) <0.001

8) 31 (37) 52 (63) <0.001

1) 15 (24) 48 (76) 0.21

9) 6 (11) 50 (89) 0.10

) 3 (17) 15 (83) 0.99

) 1 (9) 10 (91) 0.70

6) 6 (4) 131 (96) <0.001

2) 22 (33) 45 (67) <0.001

5) 8 (17) 38 (83) 0.85

3) 3 (8) 35 (92) 0.08

0) 19 (31) 42 (69) 0.004

6) 19 (39) 30 (61) <0.001

6) 4 (8) 44 (92) 0.11



Table 3. Odds Ratios for Opioid Use (n ¼ 283)

Variable Odds ratio 95% CI

Female vs male 2.60 (1.09, 6.17)

Age 13e15 y vs 10e12 y 4.47 (1.78, 11.11)

Age 16e17 y vs 10e12 y 3.07 (1.17, 8.05)

Log Injury Severity Score 4.25 (2.16, 8.35)

Fracture 2.91 (1.25, 6.77)

Open wound 3.46 (1.22, 9.79)

Chest injury 0.12 (0.03, 0.41)

Traumatic brain injury 0.08 (0.03, 0.19)
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controlling for the other variables in the model. The oldest
age group (16 to 17 years) received the greatest amount of
opioid. There was a statistical difference in log MME be-
tween the 4 study sites (ANOVA F-statistic ¼ 6.54, p <
0.001).
When log MME/kg was modeled instead of MME,

similar results were found for all covariates, with the
exception of age. The effect of age was attenuated as
part of the overall administration of opioids due to chil-
dren having greater body weight at older ages. Children
aged 13 to 15 years had a 36% increase (b ¼ 0.31) in
MME/kg compared with children aged 10 to 12 years.
An increase in opioid MME/kg was also apparent for
Figure 3. Amount of opioid received in the first 48 hour
equivalents (MME), excluding children receiving mechanica
children aged 16 to 17 years (82%, b ¼ 0.60) compared
with children aged 10 to 12 years.
Child sexwas not included in the finalmodel based on the

selection procedure, but was forced into the final model as
part of a sensitivity analysis. The predicted amount of opi-
oids from the model were not different between males and
females (log MME more for females, b < 0.01, p ¼
0.96). In addition, fracture had a significant effect on opioid
administration, but was not included in the model predict-
ing opioid amount based on selection procedures; instead,
extremity injuries were selected into the model. These 2
types of injuries were correlated (r ¼ 0.53, p < 0.001),
and a similar effect was found when fracture was substituted
for extremity injury in the second model.

DISCUSSION
When a child suffers a traumatic injury, health care pro-
viders face the challenge of managing pain appropriately.
Failure to provide adequate relief from pain can result in
prolonged recovery, post-traumatic stress, and delayed re-
turn to functionality.18-22 At the same time, exposure to
opioids has been associated with future opioid misuse.4,23

This poses a great challenge for providers in managing
both short- and long-term welfare of patients. We
s of hospitalization expressed in milligram morphine
l ventilation (n ¼ 232).



Table 4. Log Morphine Milligram Equivalent for Opioid Administration (n ¼ 232)

Variable b SE Difference, % 95% CI p Value

Age 13e15 y vs 10e12 y 0.62 0.14 86 (41, 145) <0.001

Age 16e17 y vs 10e12 y 1.02 0.18 177 (95, 295) <0.001

Log ISS 0.54 0.11 81* (43, 129) <0.001

Extremity injury 0.33 0.14 39 (6, 83) 0.02

Superficial injury �0.37 0.17 �31 (�51, �4) 0.04

Chest injury �0.51 0.21 �40 (�60, �9) 0.02

Traumatic brain injury �0.61 0.18 �46 (�62, �23) 0.001

SE, standard error; ISS, Injury Severity Score.
*Change in percent difference for Log ISS uses the expected change going from ISS of 2 to 8, roughly 1 natural log increase in ISS.
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therefore find it imperative to describe and understand
current opioid administration practices during hospitali-
zation so opportunities for improvement in patient care
can be identified.
Study findings demonstrate that more than 80% of pe-

diatric trauma patients received at least 1 opioid adminis-
tration in the first 48 hours of hospitalization. Patterns of
opioid use and magnitude of opioid exposure varied
significantly by child age, injury, and acuity. The majority
of children who received an operative procedure were
given an opioid, and median ISS was higher for patients
who received an opioid compared with those who did
not receive an opioid. In addition, having a fracture was
associated with nearly 3 times higher odds of being
administered an opioid. Children experience significant
pain with fractures, especially if the fracture required
operative fixation, and opioids are commonly adminis-
tered for pain management.34,35

Other study findings were unexpected and illuminate 3
areas for future work and intervention. First, child sex was
an important predictor of whether or not a child was admin-
istered an opioid (Table 3), but was not an important pre-
dictor of the amount of opioids being administered
(Table 4). In other words, females were more likely than
males to be given an opioid, but did not receivemore opioids
(MME) than males. Injury Severity Score or other clinical
factors were controlled for in our models of opioid admin-
istration, so this finding suggests possible differences in
how boys and girls perceive and express pain, as well as
possible bias in how providers and parents respond to pain
with boys and girls. Given the association between pain
and post-traumatic stress in children,36 these sex differences
in opioid administration may reflect underlying processes
that affect the psychological response to traumatic injury.
There is a need for increased awareness of communication
and behaviors expressed by parents and providers toward
each other and the child during the evaluation and manage-
ment of pain in the pediatric trauma population, as these
communications may be influenced by level of distress37

and preconception about pain.38-40 Providers should also
look for opportunities to have discussions with patients
and their families about communicating levels of pain and
appropriate expectations of pain management during
hospitalization.27,41

Second, older teenagers had 3 to 4 times higher odds of
receiving an opioid than younger children (ages 10 to 12)
and received more opioids than younger children during
the first 48 hours of hospitalization. This may be attribut-
able to physical size differences, as weight increases as chil-
dren age, but weight only partially explained differences
in opioid administration. Findings may also suggest that
older children may be treated too aggressively or younger
children may not be treated aggressively enough, and such
variability may have an impact on patient distress after
hospitalization.42-44 Data from the larger dataset include
post-hospitalization measures assessing child distress and
quality of life in the months after the injury. Future ana-
lyses will explore the association between age and opioid
administration patterns on quality of life and post-
traumatic stress after hospitalization.
Third, 33% of patients who got an opioid received 100

MME or more in the first 48 hours of hospitalization, and
12% received an excessive amount of opioid (�180
MME). This proportion was surprisingly high given the
relatively low injury severity and short length of stay of the
sample. To put this into context, it is helpful to consider
an example patient receiving 100 MME: this is the equiva-
lent of a 40 kg child receiving 7.5mg of hydrocodone every 4
hours for 48 hours, plus an additional 4mg intravenous (IV)
morphine. In addition to high or excessive amounts of
opioid, recall that nearly two-thirds of patients with minor
injury received an opioid medication, and more than
three-quarters of children who received an opioid received
more than 1 type of opioid. These numbers deserve further
investigation. We are not aware of any guidelines that
specify the cumulative total amount of opioid that is appro-
priate for a pediatric or adult trauma patient, as the thresh-
olds of high and excessive exposure in this studywere chosen
somewhat arbitrarily based on the current recommended
amount for adults with chronic pain.27 Nevertheless, these
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findings suggest areas of future research and development of
interventions for reducing opioid exposure, magnitude of
opioid exposure, and co-administration of multiple opioids
during hospitalization.
It is important to underscore the collaborative nature of

this multisite research project. Not only does it describe
practice patterns across institutions in the Midwestern re-
gion of the US, it also highlights instances in which hospi-
tals can pool experience and practice to improve patient
care at the other sites. For example, overall opioid exposure
did not vary by study site, but 1 site had significantly lower
log MME when compared with the other study hospitals.
Patients at this hospital were younger than patients at the
other study hospitals, but this particular hospital also had
a multi-year, hospital-wide approach to reducing opioid
use for all patient populations. Among other measures,
their approach included scheduled administration of
non-narcotic medication (acetaminophen, ibuprofen), an
inpatient pain team consulting service that rounded on
every patient, and the use of other nonpharmacologic
methods to reduce pain. Other hospitals in the study had
similar and innovative approaches to pain management.
We recognize, however, that this research study was
completed at high level trauma centers in major metropol-
itan areas, and many smaller or rural hospitals will not have
the resources or personnel to implement these approaches.
There are interventions that can be implemented in hospi-
tals of all sizes, including, among other things, the use of
non-narcotic adjuncts,45,46 child life services,47 and proce-
dural distraction using electronic tablets or video games.48,49

We hope that these study findings will encourage health
care providers and hospital leaders to examine opioid
administration patterns at their own institutions and to
identify newmethods ofmanaging painwith fewer opioids.

Limitations

There are several limitations in this study. First, there were
a number of patients who were ineligible for the study,
refused to participate, or withdrew from the study. Find-
ings may not be generalizable to all pediatric trauma pa-
tients, specifically those with intentional injury, moderate
to severe traumatic brain injury, or significant previous
mental health disorders. Similarly, all 4 study hospitals
were located in the Midwest, and findings may not gener-
alize to patients in other parts of the country or hospitals in
rural areas. Second, data collection did not capture medi-
cation administered before arrival at the study hospital,
nor did we collect information on non-narcotic medica-
tion or medication prescribed at discharge. Third, pain
assessment is a critical component of pain management,
but it is not included in the analyses. Initial pain assess-
ment was documented inconsistently across the study sites
and was available for only 55% of children in the study.
Children who received opioids were more likely to have re-
ported severe pain, but this result was not statistically sig-
nificant. Fourth, the youngest children in the study were
10 years old due to study inclusion criteria, so we cannot
generalize these findings to children under 10 years of age.

CONCLUSIONS
As rates of opioid use and misuse continue to climb, our
nation faces a public health emergency to control expo-
sure to opioids. Although many opioids are obtained ille-
gally through diversion or other methods, a significant
amount of opioid misuse begins with licit opioid use.
Study findings indicate that most pre-adolescent and
adolescent children were exposed to opioids when hospi-
talized for traumatic injury, and some children were
exposed to excessive amounts of opioid during their hos-
pital stay. No clear prescribing patterns were apparent, as
prevalence and exposure varied by age, injury, acuity, and
even study site. It is therefore critical for health care pro-
viders to develop a clear, long-term plan to address this
crisis, and this effort begins with a better understanding
of current prescribing patterns during hospitalization for
pediatric trauma patients.
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