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ABSTRACT

Background To determine whether adjunctive
dronabinol, a licensed form of delta-9-
tetrahydrocannabinol, reduces opioid consumption

when used off-label for managing acute pain following
traumatic injury.

Methods This matched cohort study included patients
who were admitted with a traumatic injury between

1 March 2017 and 30 October 2017. The hospital
pharmacy database was used to identify patients who
received dronabinol (cases), and they were matched 1:1
to patients who did not receive dronabinol (controls)
using age, cause of injury and hospital length of stay. The
primary outcome, change in opioid consumption, was
calculated using morphine milligram equivalents (MME).
The change in MME was calculated for cases as total
MME over 48 hours with adjunctive dronabinol minus
48hours prior to dronabinol, and for controls as total
MME 48-96 hours from admission minus 0—-48 hours
from admission. Data are presented as mean and SE or
median and IQR. Statistical analysis was performed using
paired t-tests and McNemar's tests.

Results There were 66 patients included: 33 cases

and 33 matched controls. Dronabinol was initiated 55
(28-107) hours from admission. Cases and controls were
well matched. Cases had a significant reduction in opioid
consumption with adjunctive dronabinol (—79 (20) MME,
p<0.001), while opioid consumption was unchanged

for controls (-9 (20) MME, p=0.63). This resulted in a
ninefold greater reduction in opioid consumption for
cases versus controls that was statistically different
between pairs (p=0.02). Nineteen (58%) cases reported
using marijuana; in this subset, opioid consumption

was reduced with adjunctive dronabinol (=97 (24)

MME, p<0.001) versus a non-significant increase in
opioid consumption in matched controls (11 (29) MME,
p=0.70); difference between groups, p=0.01.
Conclusions The results of this study suggest
adjunctive dronabinol reduces opioid consumption
following traumatic injury. The opioid-sparing effect of
dronabinol may be greater in patients who are marijuana
users.

Level of evidence IlI.

INTRODUCTION

Delta-9-tetrahydrocannabinol (A°-THC) is a canna-
binoid with psychotropic properties and is the
primary active pharmacological compound in
cannabis (marijuana). THC and other cannabinoids
responsible for marijuana’s effect, such as cannabi-
diol and cannabinol, bind to the G protein-coupled
cannabinoid receptors CB1 and CB2. CB1 receptors

are predominantly found at central and peripheral
nerve terminals where they mediate transmitter
release and have varied roles including inducing
properties associated with analgesia. CB2 receptors
are highly expressed throughout the immune system
and are likely involved in cytokine release.! Canna-
binoid receptors were not discovered until 1990,
thus research and development efforts into the
endogenous cannabinoid (endocannabinoid) system
were only recently accelerated.! Cannabinoids affect
normal inhibitory pathways that influence nocicep-
tion in humans. There is growing interest in the
therapeutic potential of cannabinoids, especially in
treating chronic pain®® and neuropathic pain.®”

There are two active Food and Drug
Administration-approved  synthetic cannabinoids
containing A’>THC: dronabinol (capsule and oral
solution) and nabilone. Dronabinol is available
by prescription in the USA, Canada, Germany,
Australia and New Zealand to treat nausea and
vomiting with chemotherapy and for weight loss
and appetite loss in patients with HIV. Dronabinol
and other cannabinoids have been studied in painful
conditions, but almost exclusively in chronic pain,
cancer pain, HIV-associated sensory neuropathy and
pain associated with multiple sclerosis.®!! Results in
patients with chronic pain are inconclusive; some
studies show marked decreases in pain,'? '3 whereas
others demonstrate no significant reductions in pain
compared with placebo, or suggest a questionable
risk versus benefit ratio.’ ' * Few studies have exam-
ined cannabinoid use with acute pain.!

The analgesic effects that are produced with
cannabinoids are more likely to occur in hyper-
algesic and inflammatory states,'® giving rise to
the hope of being effective at reducing acute pain
following injury. Dronabinol was approved on the
hospital system formulary at our level I trauma
Center without restrictions. Recently, there has
been an increased use of adjunctive dronabinol
for treating pain based on anecdotal evidence of a
beneficial treatment effect. However, there are no
studies to date that have been conducted to examine
the effect of dronabinol in trauma patients. The
objective of this matched cohort study is to examine
the effects of adjunctive dronabinol for acute pain
management following traumatic injury, hypothe-
sizing that dronabinol reduces opiate consumption
compared with matched controls.

PATIENTS AND METHODS

Study design and population

This retrospective matched cohort study was
conducted at a community-based level 1 trauma
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center over 8 months (1 March 2017 through 30 October 2017).
The hospital pharmacy database was used to identify trauma
patients who received dronabinol (cases). Patients who received
dronabinol were matched 1:1 to trauma patients who did not
receive dronabinol (controls). Matching was performed by age
(%35 years), cause of injury (eg, vehicular crash, fall) and length
of stay (LOS, =5 days).

Dronabinol prescribing practice

Dronabinol has been prescribed off-label for the treatment of
pain at our level I trauma center since 2015. Trauma surgeons
are the main prescribers of dronabinol for our trauma popu-
lation. Patients do not request adjunctive dronabinol, and it is
possible some patients refused this medication. The decision
to use dronabinol is provider specific and is used as part of
multimodal analgesia; dronabinol is not used for withdrawal
symptoms. A typical multimodal analgesia regimen begins with
a scheduled non-narcotic, followed by a mild narcotic, before
proceeding to an intravenous narcotic. If this regimen is unable
to control the patient’s pain, then adjunctive dronabinol may be
offered based on provider preference. At the time of the study,
antineuropathics (gabapentin) and muscle relaxants were not
commonly used for pain at our institution, although they are
currently used as part of multimodal analgesia. Pet therapy and
music therapy are available but are not typically used in the acute
phase of pain management.

Covariates

Variables that were abstracted from the patients’ electronic
medical record included dronabinol dosing and frequency, the
indication for dronabinol, opioid analgesics prescribed (type,
dose, frequency, route, date and time), non-opioid multimodal
pain adjuncts (type, dose, frequency, route, date and time), all
self-reported pain scores recorded on the pain numeric rating
scale (NRS, 0-10) and current self-reported drug use (alcohol,
marijuana, other drugs of abuse). Variables that were abstracted
from the hospitals’ trauma registry included patient demo-
graphics (age, gender), injury characteristics (cause of injury,
injury severity score, injury characteristics) and clinical outcomes
(hospital LOS, intensive care unit LOS, mortality).

Outcomes

The primary outcome was change in opioid consumption,
calculated as the average total morphine milligram equivalents
(MME) consumed during the first 48 hours on treatment minus
the average total MME consumed over a 48hours baseline
period, as defined in figure 1.

Secondary outcomes included: the average total MME
consumed during the first 48 hours on treatment; the average
pain NRS score on treatment; the average change in pain NRS
score, calculated as the average pain score on treatment minus
the average pain at baseline.

We also examined the change in the average total non-opioid
multimodal pain adjuncts (acetaminophen, non-steroidal anti-
inflammatory drugs, muscle relaxants and gabapentin) consumed
on treatment minus baseline; adjuncts that were used in at least
10% of patients were tabulated.

Statistical analysis
Statistical analysis was performed with SAS V.9.4 (SAS, Cary,
North Carolina, USA) and significance was set at 0<0.05. Data
are presented as mean and SE or median and IQR range. Demo-
graphics and injury characteristics were analyzed with paired
t-tests and McNemar’s tests for cases and their matched controls.
For the primary outcome, the difference between cases and
controls in change in opioid consumption was analyzed with a
paired t-test. We examined the primary outcome in our overall
matched population, and in the subset of cases who self-reported
using marijuana and their matched controls. One-sample t-tests
were used to separately analyze the change in opioid consump-
tion for cases and controls. Secondary outcomes were analyzed
with paired t-tests.

RESULTS

Over the 8-month study period, there were 45 patients admitted
for a traumatic injury who were administered dronabinol. Twelve
cases were excluded (figure 2). Thus, there were 66 patients
included in the study: 33 patients received dronabinol (cases)
and 33 patients did not receive dronabinol (controls). The anal-
ysis population was predominantly young (aged 27 (22-36)

Cases
Baseline On treatment
-48h to Oh Oh to 48h
Before dronabinol Dronabinol  On dronabinol
Start

Controls

Baseline “On treatment”

Admission

Oh to 48h
From admission

48h to 96h
From admission

Primary outcome:
Secondary outcomes:

Mean MME on treatment
Mean pain score on treatment

Mean change in MME (total MME on treatment - total MME at baseline)

Mean change in pain (average pain score on treatment - average pain score at baseline)

Mean change (mg) in non-opioid multimodal analgesic adjuncts

Figure 1

Primary and secondary outcome definitions for cases and controls. MME, morphine milligram equivalents.

2 Schneider-Smith E, et al. Trauma Surg Acute Care Open 2020;5:e000391. doi:10.1136/tsaco-2019-000391

1ybuAdoo
Aq paroaioid 1sanb Aq 0zoz ‘0T Arenigad uo jwod fwgrooesy//:dny wolj papeojumod "020Z Arenigad 6 U0 TEE000-6T0Z-00eS)9ETT 0T Se paysiignd 1si :uadQ ared andy Bins ewnel]


http://tsaco.bmj.com/

3/1/17-10/31/17
n=45 patients administered
dronabinol

Exclusions:
n=2 received dronabinol during
readmission
n=3 unable to find suitable match
n=6 dronabinol within 24 hours of
arrival (inadequate baseline)
n=1 dronabinol 12 days after arrival

=33 N=33
Cases Controls

N=66
Final population

N=19
Marijuana

N=14
No marijuana

Figure 2 Population distribution.

years) and male (73%) with injuries sustained from a vehic-
ular crash (41%) or a fall (32%). The injury severity score was
12 (9-18), and the LOS was 8 (5-14) days. Patients were well
matched for all matching variables (age, cause of injury, LOS),
as well as other injury and demographic characteristics (table 1).

Table 1 Matched cohort demographics and outcomes
Covariate, % (n) or Dronabinol cases Non-dronabinol
mean (SE) (n=33) controls (n=33) P value
Males 75.8 (25) 69.7 (23) 0.59
Mean age, years 29.9(1.7) 30.0 (1.7) 0.90
Mean injury severity 12.8(1.3) 15.7 (2.0) 0.11
score
Cause of injury
Vehicular crash 45.5 (15) 58.5 (16) 1.00
Fall cause 30.3 (10) 33.3(11) 1.00
Other cause 24.2 (8) 18.2 (6) 1.00
Surgical intervention 63.6 (21) 63.6 (21) 1.00
Injury location/region
Head injury 48.5 (16) 57.6 (19) 0.58
Chest injury 39.4(13) 42.4(14) 1.0
Abdominal injury 18.2 (6) 30.3(10) 0.39
Spinal injury 27.3(9) 54.6 (18) 0.01
Extremity 75.8 (25) 54.6 (18) 0.12
Pre-injury marijuana user  57.6 (19) 12.1 (4) 0.002
Pre-injury opioid user 12.1 (4) 3.0(1) 0.25
Pain management 0(0) 0(0) NA
contract
Median (SE) hours to 54.5 (9.6) 48 (0) 0.11
"post’period
Mean baseline* MME 168.8 (18.2) 129.6 (15.7) 0.07
Mean baseline* pain 5.8 (0.3) 4.9(0.3) 0.05
Mean hospital LOS, days 9.3(1.1) 11.4 (1.5) 0.17
Mean ICU LOS, days 2.2(0.5) 4.0(1.1) 0.12

P value: McNemar's test for categorical variables, paired t-test for continuous
variables, Wilcoxon rank sum test for medians. The values in bold indicate statistical
significance.

*Baseline: 48 hours before dronabinol (cases) and 0—48 hours from admission
(controls).

ICU, intensive care unit; LOS, length of stay; MME, morphine milligram equivalents.

There were significant differences between groups based on the
presence of spinal cord injury and pre-injury marijuana use.

Among cases, the primary indication for dronabinol was pain
(n=29, 88%), followed by anxiety (n=2) and gastrointestinal
or appetite (n=2) indications. Dronabinol was administered
twice daily in 88% of patients, most commonly at doses of 5 mg
(n=19) and 10 mg (n=11), or 11 (8-16) mg dronabinol per day.
The median number days receiving dronabinol was 3 (3-6) days.

The median time to the first dose of dronabinol was 55 hours
from admission. We selected the 48 hours time point as a reason-
able equivalent for our ‘pre’ and ‘post’ time periods for the
control group. Thus, the postperiod interval for controls was
48-96 hours after admission, whereas for cases the median post-
period interval was 55-103 hours after admission. This differ-
ence was not statistically significant (p=0.11).

Opioid utilization

Study patients were high opioid consumers, with 68% of patients
receiving =90 MME at baseline. The change in opioid consump-
tion is shown in figure 3. Among cases there was a significant
reduction in opioid consumption from baseline with adjunctive
dronabinol (=79 (20) MME, p<0.001), while the change in
opioid consumption for controls was unchanged from baseline
(—9 (18) MME, p=0.63). This resulted in a ninefold greater
reduction in opioid consumption for cases versus controls that
was significantly different between pairs (difference: —70 MME,
p=0.02) (table 2).

Nineteen (58%) cases reported using marijuana. In this subset,
opioid consumption was significantly reduced with adjunctive
dronabinol (—97 (24) MME, p<0.001) versus a non-significant
increase in opioid consumption in matched controls (11 (29)
MME, p=0.70) (figure 2). The difference between matched
pairs was statistically significant (difference: —108 MME,
p=0.01) (table 2).

Change in MME: mean change in total MME consumption
over 48hours on treatment minus 48hours at baseline, as
defined for cases and controls in figure 1. On treatment: first
48 hours with adjunctive dronabinol (cases) or 48-96 hours after
admission (controls).

Secondary outcomes
There was no difference in opioid use on-treatment for the
dronabinol group versus the matched controls (90 MME vs 121
MME, p=0.36). The average change in pain NRS scores were
similar between cases and controls (—0.4 vs —0.6, p=0.78),
although there was a borderline higher pain NRS score in
the dronabinol group on treatment (p=0.07) and at baseline
(p=0.05) compared with the matched controls (tables 1 and 2).
Non-opioid multimodal pain adjuncts included acetamino-
phen (n=37, 56%), cyclobenzaprine (n=27, 41%) and metho-
carbamol (n=7, 11%). Fewer than 10% of patients received
ketorolac (n=6), gabapentinoids (n=4) and orphenadrine (n=2).
The average change in non-opioid adjuncts on treatment from
the baseline period were similar for the dronabinol group versus
the matched controls (table 2). Acetaminophen use was greater
for cases than matched controls in the baseline and treatment
time periods, although there was no difference in the reduction
in acetaminophen use over the 48 hours treatment period from
baseline between groups (p=0.94).

DISCUSSION
This is the first study to examine the effect of dronabinol for
acute pain management following traumatic injury. These
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Figure 3  Box-and-whisker plot of the 48 hours total change in opioid consumption (MME) among all cases (n=33) and their matched controls
(n=33), and patients who used marijuana and received dronabinol (n=19) and their matched controls (n=19). The box with line is the median and
upper and lower quartiles, The X is the mean, and the points outside the box are outliers.

preliminary data suggest adjunctive dronabinol used as part
of a multimodal analgesia regimen may result in a marked
reduction in opioid consumption. The opioid-sparing effect
appears to be more pronounced in patients who are marijuana
users. Adjunctive dronabinol did not lead to corresponding
reductions in pain scores, although both groups experienced
similar reductions in pain and the dronabinol group achieved
this reduction while also significantly reducing their opioid
consumption. The promising results of this study have led us
to initiate a randomized controlled trial to formally evaluate

Table 2 Matched cohort outcomes

Dronabinol  Non-dronabinol
Mean (SE) cases (n=33) controls (n=33) Difference P value
Primary outcome
Change in MME -78.7(202) -86(17.6) -70.2 (28.8)  0.02
Change in MME* -96.5 (24.5) 11.2 (28.4) -107.7 (39.8)  0.01
Secondary outcomes
MME on treatment 90.0 (17.5)  121.0(27.0) -30.9(33.2) 0.36
Pain NRS on 5.3(0.3) 43(0.3) 0.9 (0.5) 0.07
treatment
Change in pain NRS —-0.4 (0.3) —-0.6 (0.4) 0.1 (0.5) 0.78
Change in non-opioid multimodal pain adjuncts
Acetaminophen, mg  —468 (466) —434 (268) —34 (485) 0.94
Cyclobenzaprine, mg -5.5(3.3) 0(1.7) —5.5(3.5) 0.12
Methocarbamol, mg 7668 -136(111) 144 (130) 0.28

*Cases using marijuana (n=19) and their matched controls (n=19).
MME, morphine milligram equivalents; NRS, numeric rating score.

the efficacy of dronabinol for reducing opioid consump-
tion following traumatic injury (clinicaltrials.govidentifier:
NCT03928015).

There is little research for cannabinoid use in acute pain
management. A 2017 systematic review assessed the analgesic
efficacy of cannabinoid medications in acute pain management
in seven studies, which included a total of 116 patients.' In this
review, article acute pain was defined as ‘pain of recent onset
and probably limited duration’, which aligns with our definition
of acute pain following traumatic injury. Of the seven cannabi-
noid studies, two studies included dronabinol.'” '® Buggy et al
randomized patients 1:1 to A>’THC 5 mg versus placebo for pain
related to elective abdominal hysterectomies in 40 patients.!”
A single dose was given on the second postoperative day when
patients requested analgesia, with no statistical difference in
pain scores at rest and movement between the groups. In a study
by Seeling et al, patients were either given dronabinol 5 mg or
placebo for acute pain following radical prostatectomy with
regional lymphadenectomy; no differences in the resting pain
score were observed between groups.!®

Aligning with the above studies, our matched cohort study
also demonstrated no significant difference in pain scores
among patients who received dronabinol compared with
their matched controls. However, pain scores are subjective
and thus may not be the most appropriate measure of effi-
cacy when examining acute pain management. The addition
of dronabinol resulted in reduced opioid consumption that
coincided with reduced pain scores in both groups, suggesting
a beneficial opioid-sparing effect of dronabinol in acutely
painful conditions.
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As the USA is currently fighting an opioid epidemic, where
the Centers for Disease Control and Prevention estimate 130
Americans are dying daily from opioid overdose, the use of
dronabinol to decrease opioid use is an attractive option."”
Colorado was a leading state in legalizing both medical and
recreational marijuana. The Colorado Department of Public
Health Environment estimates that 40.4% of adults use mari-
juana in some form (inhalation, ingestion).?° Because our study
showed that the opioid-sparing effect of dronabinol may be
greatest in patients who use marijuana, use of dronabinol
adjunctively may benefit nearly half of the state’s population.

Severe pain is commonly experienced following traumatic
injury and needs to be treated with medication. There are
several reasons we believe adding adjunctive dronabinol may
be favorable to increasing narcotic dosages in patients whose
pain is not well managed: (1) the addictive tendency of mari-
juana and the negative effects of that addiction on patient
morbidity and (especially) mortality are magnitudes less for
marijuana than for narcotics; (2) in the acute care setting, the
effects of dronabinol on vascular neurological response and
respiratory depression are not as significant as with narcotics,
especially when dronabinol is used adjunctively to reduce or
maintain the opioid regimen rather than increasing narcotic
dosages to detrimentally high levels; (3) our providers use
dronabinol only during the initial phase to get the patient
through the acute trauma episode. Patients are not routinely
discharged with dronabinol, and other pain medications are
conservatively prescribed at discharge. This practice limits
over prescription of dronabinol and narcotics.

One of our study’s objectives was to determine whether the
effect of dronabinol is more pronounced in marijuana users.
The gestalt is that home marijuana users would have a more
profound decrease in their opioid consumption with dronab-
inol; this has not yet been reported in the acute setting and is
one of the main findings of our study. Nearly half of patients
who received dronabinol were not current marijuana users,
reflecting the decision to prescribe dronabinol to be multifac-
torial and not based solely on marijuana use. Still, there were
differences in marijuana use between cases and controls, likely
reflecting clinicians’ preference to prescribe dronabinol to
marijuana users. A limitation of this study is that patients were
not matched by self-reported marijuana use. Our randomized
controlled trial uses a stratified block randomization design
that randomizes patients 1:1 based on pre-injury marijuana
use; this design should elucidate whether there is an opioid-
sparing effect of dronabinol, and whether it is similar for mari-
juana users and marijuana-naive patients.

Additional limitations to our study exist. First, we did
not examine adverse events, although no cases needed to be
discontinued from dronabinol. Other studies have suggested
that any beneficial effects of cannabis-based medicines may
be offset by potential harms.’ '* It is possible that the risk
versus benefit ratio may be more favorable in acutely painful
conditions because the treatment period and total dosing
should be less than that seen in chronic painful conditions.
The median treatment period in our study was 3 days, whereas
a Cochrane review of cannabis-based medicines for chronic
painful neuropathy included studies with a treatment duration
of 14-182 days."* Second, controls did not receive dronab-
inol, so the pretreatment period was estimated to be the first
48 hours from admission. This estimate was based on the
median time from admission to first administration of dronab-
inol among cases of 55 hours. While there were no differences
in the time from admission to the start of the ‘post’period

for cases and controls, some cases may have been prescribed
dronabinol later in the hospital stay, whereas the ‘post’period
for all controls was 48-96 hours from admission. Third, we
do not know why controls were not prescribed dronabinol
or if they refused dronabinol. Fourth, our results may not be
generalizable to hospitals in states where marijuana is illegal
because they might expect a lower prevalence of marijuana
use among the trauma population. Fifth, marijuana use was
based on self-report because only 13 patients had a urine
toxicology screening; of those, 12 patients tested positive for
drugs, including 7 cases and 5 controls. Sixth, we do not know
whether patients who received dronabinol were more satis-
fied with their hospital pain control compared with those who
received opioids without adjunctive dronabinol; satisfaction
could be considered a more relevant outcome to self-reported
pain NRS scores. Finally, we did not study whether other
cannabinoids can be used as analgesics in acutely painful condi-
tions because our institution does not have other cannabis-
based medications on formulary.

CONCLUSIONS

The results of this matched cohort study suggest adjunctive
dronabinol reduces opioid consumption in patients with acute
pain following traumatic injury. The opioid-sparing effect of
dronabinol may be greatest in patients who use marijuana. We
are currently enrolling a prospective randomized controlled trial
of approximately 120 patients to evaluate the efficacy of dronab-
inol for managing acute pain following traumatic injury.
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