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Abstract

Aim: Traumatic brain injury (TBI) is a common neurological condition, which can present with a wide
range of neuropsychological symptoms. Treating this broad spectrum of symptoms represents a significant
medical challenge. In part because of this, there is growing interest in the use of medical cannabis to treat
the sequelae of TBI, as medical cannabis has been used to treat multiple associated conditions, such as pain.
However, medical cannabis represents a heterogeneous collection of therapies, and relatively little is
known about their effectiveness in treating TBI symptoms. The aim of the present study was therefore to
assess medical cannabis use in patients with TBI.

Methods: In the present study, a retrospective chart review was conducted of patterns of cannabis use and
TBI symptoms in individuals who used medical cannabis to treat TBI-related symptoms. All subjects were
recruited from a medical cannabis clinic, where cannabis was authorized by physicians, using licensed
cannabis products. A total of 53 subjects provided written consent to have their charts reviewed.

Results: Neuropsychiatric conditions, including depression, pain, and anxiety were frequent in this group.
The most common forms of medical cannabis consumption at intake included smoking, vaping, and oral
ingestion. Patients used a combination of high tetrahydrocannabinol (THC)/low cannabidiol (CBD) and low
THC/high CBD products, typically 1-3 times per day. Medical cannabis appeared to be relatively
well-tolerated in subjects, with few serious side effects. At follow-up, subjects self-reported improvements
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in TBI symptoms, although these were not statistically significant when assessed using
validated questionnaires.

Conclusions: Overall findings indicate modest potential benefits of medical cannabis for TBI, but further
research will be required to validate these results.
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Introduction

Traumatic brain injuries (TBIs) pose a serious burden on the healthcare system, yet there is currently no
approved pharmacological agent specifically for TBI recovery [1]. Over the last three decades, the
prevalence of TBIs in the USA has remained high: nearly half of all adults in the USA have experienced at
least one TBI during their lifetime [2], representing 3-4 million new cases a year in the USA [3]. Falls
represent the most common cause of TBI cases, followed by assaults, motor vehicle or traffic accidents, and
sport-related injuries [4]. For those with more severe TBI, there are significant associated costs for those
requiring hospitalization [5, 6]. Brain-related injuries range in severity, with an estimated 70-90% of TBIs
designated as “mild” [7]. Injuries can be either focal or diffuse and include primary brain damage from
mechanical trauma, as well as secondary pathology from excitotoxicity, mitochondrial dysfunction,
oxidative stress, lipid peroxidation, neuroinflammation, axon degeneration, and apoptotic cell death [8].
While most symptoms from mild TBIs resolve within 1-3 months, some individuals experience long-term
effects including fatigue, insomnia, anxiety, and depression, collectively known as post-concussion
syndrome (PCS) [9].

Recently, interest in using medical cannabis as a treatment modality for TBIs has grown due to its
potential to treat a wide range of physical symptoms directly related to the TBI or other injuries sustained
from the associated incident [10]. Typical burdensome symptoms following TBI such as fatigue, sleep
disturbance, anxiety, depression, migraine, and pain align with the commonly reported reasons for medical
cannabis use, suggesting the potential utility of medical cannabis for TBI [11-13]. Preclinical studies in
animal models have investigated the link between cannabinoids and endocannabinoids on symptoms such
as pain and depression [14-16] which are commonly seen following TBI, although confirmation of the
benefits of medical cannabis for pain remains ongoing [17]. Animal models of TBI which have administered
cannabinoids have reported reduced allodynia and neuroinflammation, improved functional recovery, as
well as alleviation of behaviors homologous to anxiety and depression [18-20]. Experimental data suggest
that cannabinoids facilitate these improvements by mediating several underlying physiological
mechanisms of TBI, including prevention of neuronal cell death, reduction in excitotoxicity, and activation
of cell remodeling processes [21]. Despite the promising results from pre-clinical studies, human studies of
medical cannabis and TBI are limited. A phase II clinical trial in severe TBI patients demonstrated a
significant reduction in intracranial pressure and improved neurological functioning following synthetic
cannabidiol (CBD) treatment [22]. However, no clinical markers were considered significant in a phase III
trial, despite the treatment being well tolerated [23]. On the other hand, an observational study examining
cannabis use during the post-concussion period showed that those using cannabis had a marginally
significantly lower symptom severity at the 3- and 4-week follow-up compared to the other unrecovered
individuals [24], while cannabis use was more common in a prison population with prior TBI than those
prisoners without TBI [25].

Due to the limited and varied evidence in human studies, more research is needed to understand the
therapeutic potential of medical cannabis in TBI. To date, most studies of cannabis use in those with TBI
have focused on recreational use [21]. However, there are distinct differences between medical and
recreational cannabis users with respect to the intent of use, dose, method of administration, and frequency
of use [26, 27]. Furthermore, recreational cannabis users may not be familiar with the best treatment
strategies [28, 29]. This may result in suboptimal control of symptoms and unwanted adverse effects.
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Medical cannabis clinics can provide specialized knowledge and treatment plans by trained healthcare
workers, who ensure that safe and regulated cannabis-based products are used [30]. Medical cannabis
products are ideally manufactured using “good practice” guidelines, to ensure purity and stability of
compounds, in a standardized manner, and a variety of different formulations are available [31], although a
concerning number of violations of these rules have been noted in many countries. Through a retrospective
chart review, this study aimed to provide an exploratory description of the demographics, user profiles, and
symptom improvements of patients who have experienced a brain injury when using medical cannabis
under an established medical cannabis clinic in Canada.

Materials and methods
Patients

Participants (n = 53) were recruited from Greenleaf Medical Clinic (GLMC), a specialized medical cannabis
clinic in Langley, British Columbia, Canada. The clinical model at GLMC is patient-centered and in
concordance with the College of Physicians and Surgeons of British Columbia’s medical cannabis standard
of practice [32]. Referrals to GLMC are submitted by licensed physicians or nurse practitioners. Patients
then fill in a customized intake form gathering information related to their specific condition and complete
validated questionnaires, including the Generalized Anxiety Disorder-7 (GAD-7), Patient Health
Questionnaire-9 (PHQ-9), Brief Pain Inventory (BPI), and Opioid Risk Tool (ORT). Patient medical records
and medication history are used to confirm diagnoses and to assess risk factors and potential
contraindications. This clinical data is used to determine medical cannabis treatment eligibility and
baseline symptom severity and to monitor for treatment success with medical cannabis.

Following the referral process, patients receive patient education on the benefits and risks associated
with medical cannabis, as well as guidance on safe administration and dosing. Afterwards, patients have a
one-on-one consultation with a physician at GLMC that involves discussing their treatment expectations
and objectives, a careful explanation of the individualized treatment plan, and titration instructions [33].
Dosing and titration recommendations take into consideration the patients’ diagnosis, symptoms,
contraindications, and risk factors [33]. The GLMC physician then provides a cannabis authorization,
written in accordance with Canadian federal regulations, akin to a prescription. Following the appointment,
a consultation report is sent to referring physicians including the detailed treatment plan, follow-up
frequency, and any specific recommendations such as monitoring for potential risk factors, adverse events,
or the supervised tapering of pharmaceutical medication.

Potential study subjects were identified through the clinical medical health record database, which was
used to identify anyone who had indicated they had a brain injury in their medical history on the GLMC
intake form. This was a retrospective chart review of patients enrolled in an ongoing data registry study.
Inclusion criteria in the study required individuals to be 19 years of age or older, and able to provide
informed consent. There were no exclusion criteria. All potential subjects were required to provide
informed written consent to release their medical records for research purposes. Anyone who was
unreachable through their file contact information was not included. A total of 395 patients met eligibility
criteria, 180 individuals responded to recruitment communications, and 53 patients consented and were
included in the final analysis. Many eligible patients had only filled out the intake form but never saw a
GLMC doctor or initiated medical cannabis treatment, which likely contributed to the low response rate. An
honorarium gift card of 10 Canadian dollars was provided to patients for their time.

Measures

In the retrospective chart review, information was collected from electronic medical records, as we have
performed previously [34, 35], including physician and cannabis counselor notes and forms filled out by
patients at intake and follow-up appointments. Intake forms contained demographics, medical reason for
seeking cannabis authorization, medical and psychiatric history, current and previous prescription and
over-the-counter medications, previous or current therapies (e.g., physical therapy), substance use history
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(e.g., alcohol, recreational drugs), and current cannabis use. Sufficient follow-up information was available
for 28 patients (53%) who had returned to the clinic for repeat appointments.

During a standard follow-up appointment, information was collected on symptoms and side effects,
product specifics, dosage, and prescription medication use. Patients self-reported any noticeable changes in
symptoms, in addition to any side effects they had experienced. Product information collected included the
product name, route of administration, and licensed producer. For each product, dosage in mg was
determined by patient reporting of frequency, concentration (% mg/g for dried flower, or number of mg/g
for oil), and consumption per dose (number of inhalations or volume in mL). All values were available on
product labels, as this is a requirement for medical products in Canada. The mg amount of daily and
individual doses, therefore, was calculated using these values.

Indicators of mental health were collected using validated scales at both intake and subsequent
follow-up appointments. For this investigation, we examined results from the GAD-7, PHQ-9, and BPI. The
GAD-7 is a commonly used 7-item questionnaire with good clinical validity that is used to screen for and
assess the severity of anxiety symptoms [36]. The PHQ-9 is a well-validated 9-item questionnaire used to
measure the existence and severity of depressive symptoms [37]. Finally, the BPI is a standard pain
questionnaire used in both research and clinic to measure pain symptoms and their interference in an
individual’s day-to-day life function [38].

Statistical analysis

The Shapiro-Wilk test was used to assess the normality of continuous variables. Descriptive statistics were
run for all variables, and compared between intake and follow-up. Differences between continuous
variables at intake and follow-up appointments were assessed with a paired sample t-test or
Mann-Whitney U tests, if non-parametric. Analyses were done using the Statistical Package for the Social
Sciences (SPSS) software version 27 (IBM, Armonk, USA).

Results
Participant demographics

The participants consisted of 53 patients recruited from GLMC. The majority of patients were female (32,
60.4%, Table 1). The age of patients when assessed at intake ranged from 19 years old to 72 years old
[mean = 47.1, standard deviation (SD) = 13.01].

Table 1. Participant demographics and medical history

Parameters Outcome [n = 53 (%)]
Participant demographics

Male 21 (39.6)
Female 32 (60.4)
Age (year, mean + SD) 47.1+13.0
Low income 30 (56.6)
On disability insurance 26 (49.1)
Works outside home 13 (24.5)
Medical history

History of depression 37 (69.8)
Current or prior suicidal ideation 17 (32.0)
Back and neck pain 42 (81.1)
Anxiety 40 (75.5)
Chronic pain/neuropathy 38 (71.7)
Migraines 30 (56.6)
Sleep disorder 28 (52.8)
Post-traumatic stress disorder 20 (37.7)

Explor Med. 2023;4:393-408 | https://doi.org/10.37349/emed.2023.00150 Page 396



Medical history

A history of depression and previous or current suicidal ideations were reported in many patients. Patients
self-reported between 2 and 19 (mean = 9.2, SD = 4.2) medical reasons for using cannabis. In addition to
brain/head injury/concussion, the most common medical reasons for using cannabis were largely due to
pain and other neuropsychiatric conditions (Table 1). The most commonly reported cause of TBI was motor
vehicle accidents (19, 35.8%), while over half did not report the cause of injury; other causes included falls,
bicycle accidents, and assault.

Cannabis use patterns at intake

At the first appointment, it was found that 15 patients (28.3%) had previously been evaluated by a
physician for medical cannabis; 26 (49.1%) were already using cannabis. Of these subjects, 18 (34.0%)
reported everyday usage, 2 (4%) reported every other day, 3 (6%) reported 1-2 times per week, and 3
subjects (6%) used more than once a month but less than 1-2 times per week. Within patients already
using cannabis at the time of intake, methods of administration included smoking (24, 92.3%), vaporization
(20, 76.9%), oral ingestion (oils or capsules; 17, 65.4%), edibles (18, 69.2%), and topical (11, 42.3%). Of
those who were able to provide a value of the amount of cannabis consumed per day by self-report, 14
(26%) reported less than 1 g, 8 (15%) reported 1-2 g, 2 (4%) reported 3-4 g, and 2 subjects (4%) reported
using 5 g or more than 5 g a day. The most common reasons reported for using cannabis at intake in the 26
subjects were to reduce the use of other medications (20, 38%) and to reduce the use of opioids (5, 9%).

Cannabis use patterns at follow-up

Data on cannabis use patterns were available for 26 patients at follow-up (Tables 2 and 3); the median time
to follow up after baseline visit was 6.5 months [interquartile range (IQR) = 2.5 months]. A total of 13
patients (50.0%) were consuming their cannabis through oral ingestion and/or edibles, 8 (31.0%) were
using both oral ingestion/edibles and inhalation methods of administration (e.g., vaporization or smoking
dried flower), and 5 (19.0%) were using inhalation only.

Table 2. Cannabis use patterns at first follow-up appointment: strain and frequency of use

Parameters Inhalation only [n =5 (%)] Oral ingestion only [n =13 (%)] Both [n =8 (%)]
Strain
High THC/low CBD 3 (60.0) 3(23.1) 2(25.0)
Balance 1:1 0 (0) 0(0) 0(0)
Low THC/high CBD 1(20.0) 3(23.1) 0(0)
High THC/low CBD and low THC/high CBD 0 (0) 7 (53.8) 5(62.5)
Unknown 1(20.0) 0(0) 1(12.5)
Frequency
As needed 1(20.0) 0(0) 0(0)
Once per day 1(20.0) 3(23.1) 0(0)
Twice per day 0(0) 3(23.1) 0(0)
Three times per day 0(0) 7 (53.8) 5 (62.5)
Four times per day 3 (60.0) 0 (0) 1(12.5)
Unknown 0(0) 0(0) 2(25.0)
Quantity of dried cannabis per use was not discernible from available data. THC: tetrahydrocannabinol
Table 3. Cannabis use patterns at first follow-up appointment: THC and CBD dosages
Cannabinoid Cannabis oil dosage* Oral ingestion only [n = 13 (%)] Both [n = 8 (%)]
THC <10 mg 5(38.5) 3(37.5)

>10 mg 2 (15.4) 2 (25.0)

=25 mg 0(0) 0(0)

=50 mg 1(7.7) 0(0)

Unknown 2 (15.4) 2 (25.0)
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Table 3. Cannabis use patterns at first follow-up appointment: THC and CBD dosages (continued)

Cannabinoid Cannabis oil dosage* Oral ingestion only [n = 13 (%)] Both [n =8 (%)]
CBD <10 mg 3(23.1) 0(0)
=210 mg 4 (30.8) 2 (25.0)
=25 mg 1(7.7) 3(37.5)
Unknown 2 (15.4) 2 (25.0)

*: some patients reported using multiple oil products

In patients who utilized both oral ingestion and inhalation methods of administration, 5 (62.5%)
reported the combined use of high THC/low CBD and low THC/high CBD products and 2 (25%) reported
the use of high THC/low CBD products only. Higher doses of CBD were reported in these patients compared
to those in the oral ingestion-only group, with 3 patients (37.5%) using = 25 mg of CBD per dose and none
using less than 10 mg of CBD per dose.

At the first follow-up, 22 patients were authorized the same daily quantity as intake. In the 4 patients
that had their authorized daily amount increased, 3 of them (75%) were from 1 gto 2 g, and 1 (25%) was
from 2 g to 2.5 g. Of the 17 patients who reported cost, most (58.8%) were spending 100-300 dollars per
month on cannabis products.

At the follow-up appointment, 40.7% of patients reported having experienced side effects at some
point during treatment, while 59.3% did not report any. Of the 11 patients reporting side effects, 5
participants (45.5%) had dizziness, 2 (18.2%) had intoxication, 2 (18.2%) had anxiety, and 2 (18.2%) had
fatigue. 6 patients experienced less commonly reported side effects, 1 patient (9.1%) reported dissociation
and lethargy, 1 patient (9.1%) reported brain fog and dry mouth, 1 patient (9.1%) reported jitters, 1 patient
(9.1%) reported depression, 1 patient (9.1%) reported headache, and 1 patient (9.1%) reported weight
gain. No patients reported discontinuation of cannabis due to side effects.

Symptom changes

Out of the 28 participants with follow-up data, 26 had filled out the GAD-7, PHQ-9, and BPI questionnaires
at intake and follow-up. Average scores decreased, signifying improvement, for all of the questionnaires.
However, a statistically significant difference in GAD-7, PHQ-9, and BPI scores was not found between
intake and follow-up (Table 4).

Table 4. Symptom changes

Test Intake mean [n =26 (SD)] Follow-up mean [n =26 (SD)] Change score mean (SD) t-value (25) P value

PHQ-9 12.9 (6.5) 10.9 (6.1) 2.0 (6.4) 16 0.128
GAD-7 10.7 (7.3) 9.2 (6.0) ~1.5(6.3) 1.3 0.222
BPI 74.1 (16.6) 70.2 (14.7) ~4.0 (15.0) 1.3 0.191

Within the subgroup of patients that had follow-up data (n = 26), the number of patients with moderate
to severe anxiety (GAD-7 of from 10 to 21) decreased from 13 (50%) to 10 (38%) between intake and
follow-up. Similarly, the number of patients with moderate to severe depressive symptoms (PHQ-9 of from
10 to 27) decreased from 17 (65%) to 14 (54%) between intake and follow-up.

Perceived symptom improvement

At the time of follow-up, patients were asked about their symptom improvement on a percentage scale. The
mean percentage and median percentage improvement in sleep, pain, depression, and anxiety was
reported (Table 5).

Table 5. Perceived symptom improvement*

Symptom Mean [n = 28 (%, SD)] Median [n = 28 (%, IQR)]

Sleep 41.3 (46.3) 37.5(78.8)
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Table 5. Perceived symptom improvement* (continued)

Symptom Mean [n = 28 (%, SD)] Median [n = 28 (%, IQR)]
Pain 32.1 (41.5) 30.0 (56.3)

Anxiety 22.1 (37.0) 12.5 (50)

Depression 22.7 (40.0) 2.5(57.5)

*: symptom improvement measured on a percentage scale with 100% being complete improvement

Improvements in daily life function

When asked to name a daily function or activity that patients were able to partake in since starting medical
cannabis treatment (recorded at the first follow-up meeting, using an open-form field question), 6 patients
(21.4%) reported an improved ability to exercise. A total of 5 patients (17.9%) reported an improved
ability to partake in household chores and attend appointments, while 2 (7.1%) reported improved
social engagement.

Concomitant medication reduction

At follow-up, of the 15 patients asked, 8 (53.3%) reported a reduction in medication since starting medical
cannabis treatment. Of the patients that reported a reduction in medications, 2 (25%) reported a stimulant
reduction, 2 (25%) reported nonsteroidal anti-inflammatory drugs (NSAIDs) reduction, 1 (12.5%) reported
an opioid reduction, 1 (12.5%) reported a sedatives reduction and 2 patients (25%) did not specify the
medication that was reduced.

Discussion

This study, using retrospective chart review, examined the demographics, health conditions, and cannabis
use patterns of post-TBI patients at GLMC using medical cannabis under the care of an experienced medical
cannabis physician. Medical cannabis did not appear to worsen, and may have marginally improved
depression, anxiety, and pain symptoms in patients with TBI, although these effects may have also
improved independently with time or due to placebo effects from seeing a doctor and receiving care.
Notably, self-reported improvements in sleep and reduced medication were also found. Most patients
primarily ingested medical cannabis (e.g., oral oil), with fewer inhaling dried cannabis flowers. This study
provides preliminary evidence of the limited efficacy and patterns of use of medical cannabis in patients
who have previously sustained a brain injury.

Demographics

This study consisted of a majority of female patients, providing valuable insight into an understudied
demographic. Sex-based and gender-based differences in response to medical cannabis have been observed
previously [39, 40], reiterating the need for more female and women-focused studies. The sex ratio seen
within this study may be related to differences in symptom sequelae following TBI. Although men are more
likely to sustain a TBI in their lifetime, women often have higher symptom loads and longer duration
symptoms and are more likely to seek medical help following the injury [41-43]. It is therefore possible
that women may be more likely to seek alternative care, such as medical cannabis, following a TBI. The
median age of patients at intake was 47.1 years old, which is slightly higher than reports on other medical
cannabis users. Rosenthal and Pipitone [44] reported a median age of 46, while Bonn-Miller etal. [11]
observed a median age of 41.2. The majority of the patients reported an income below 30,000 dollars per
year. Notably, this sample has a high rate of patients on disability, which is consistent with the finding that
individuals who have experienced a TBI in their lifetime are more likely to claim disability or welfare [45].
Finding suitable treatments for symptoms following a TBI may help to reduce the rate of long-term
disability claims.
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Symptom management

While all subjects in the study had previously experienced a brain injury, the second most common
indication for medical cannabis use was pain. Additionally, migraines, anxiety, and depression were also
commonly reported as reasons for pursuing medical cannabis authorization. These findings are consistent
with other studies which document pain, anxiety, and depression as some of the most common reasons for
patients using cannabis [44, 46-49]. Recreationally, cannabis has been reported to be used for managing
PCS including anxiety and headache [50]. While it could not be confirmed if these additional indications
were a result of a TBI or pre-existing conditions, it may indicate individuals are seeking medical cannabis to
control some symptoms associated with a TBI.

Modest subjective and measurable improvements, as quantified by validated questionnaires, in mental
health, quality of life, and pain were reported in patients with persistent, burdensome symptoms following
a TBI. However, because of the absence of a control group not receiving cannabis, it is not possible to
determine how much these symptoms may have naturally declined over time. While our findings report a
decrease in all validated questionnaire scores between intake and follow-up, indicating a decrease in
symptoms, the findings were not statistically significant. However, given the modest sample size, there may
not have been enough statistical power to detect small to medium effect sizes. Despite this, an important
finding was that patients were not experiencing a clear worsening of symptoms following cannabis
initiation. While some side effects were reported, most were mild and well-known cannabis-associated side
effects. In clinical practice, it is typically observed that these subside within 24-48 h as tolerance
builds [51]. Furthermore, at follow-up, patients reported subjective improvements in sleep (mean = 41.3%)
and pain (mean = 32.1%), with improvements in depression and anxiety also noted. The discrepancy
between the validated questionnaire and self-reported improvements could potentially be explained by
participant bias in reporting their own experience. Cushman et al. [52] found that the percentage reduction
in pain can be overestimated in comparison to the change in scores of the 11-point numerical pain rating
scale. This could suggest that patients may overestimate their percentage of improvements in symptoms
following treatment. Perceived improvements in sleep, pain, anxiety, and depression may therefore be
informative in indicating the perceived value of medical cannabis treatments for patients experiencing
long-term symptoms from a TBI. Finally, although the PHQ-9 and GAD-7 are recommended screening tools
following a mild TBI [53], we acknowledge the validated questionnaires used in this study were not
designed to measure the complete array of symptoms associated with TBI. For example, headache and
cognitive dysfunction (such as impaired attention, memory, and executive functioning) were not formally
assessed, yet the use of medical cannabis has been associated with improvements in both of these
symptoms [54, 55]. As such, the full scope of benefit may not have been captured.

Cannabis use patterns

In this sample, 26 patients (49.1%) were already using cannabis at the time of their first clinic appointment,
with 18 (34%) already using it every day, thereby suggesting that patients may have been using cannabis to
self-manage their symptoms prior to seeking medical treatment at GLMC. Most patients using cannabis at
intake were smoking cannabis cigarettes as their method of use. This aligns with current literature, in
which smoked cannabis is the most commonly preferred method of consumption, particularly in
participants using cannabis recreationally [56, 57]. It has been well-studied that smoking cannabis can have
a negative effect on respiratory functioning and cause other health concerns, so it is generally not
recommended by physicians [58-60]. At follow-up, the most common method of administration was only
ingesting cannabis oil, which suggests that seeking medical authorization not only encourages patients to
use products from certified licensed producers but also to use a method of administration that is
considered safer due to accurate dosing and no respiratory risk [33]. The ideal route of administration for a
patient will depend on whether they are seeking to treat acute or chronic symptoms [51]. Inhalation
methods (e.g., vaporization and smoking) are best suited for acute symptoms due to a quicker onset of
action [61], and vaping is seeing increased use in the community [62]. Ingestion methods (e.g., cannabis
oils) are best suited for chronic symptoms due to a longer duration of action [61]. The switch to using
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cannabis oils seen within this sample suggests that most patients are likely seeking the use of medical
cannabis for the treatment of chronic symptoms. This is aligned with other studies evaluating reasons for
medical cannabis use [12, 63]. Some studies on medical cannabis patients still report smoking as a popular
route of administration [46, 64]. This may reflect differences in medical cannabis patients who are
self-treating or under the care of a healthcare provider and highlights the importance of education on how
to best utilize medical cannabis.

The majority of patients inhaling cannabis reported the use of high THC concentrated products. This
may be due to THC generally being more efficacious for acute symptoms (e.g., nausea or breakthrough pain)
compared to CBD [65, 66]. In contrast, patients using ingestion and those using ingestion with inhalation
often reported using both high THC and high CBD concentrated products. This likely reflects the treatment
approach used at GLMC for chronic conditions, in which patients use CBD to control daytime symptoms, in
order to limit the risk of impairment, and THC to control nighttime symptoms (e.g., sleep) [33].

The majority of patients reported no side effects associated with cannabis use (17 patients, 59.3%),
while mild side effects were reported in 11 patients (40.7%), indicating that treatment was generally well
tolerated. Reported side effects were consistent with common cannabis-related side effects including
dizziness, fatigue, and anxiety [51]. It is important to note that these reported side effects do not suggest
that cannabis exacerbates neurocognitive deficits following a TBI including loss of concentration and
memory [9]. With regards to this latter point, although the neurocognitive function was not specifically
assessed in the present study, a number of important recent studies have shown that initiation of medical
cannabis either has no harmful effect or actually improves neurocognitive function in users [67-69], in
domains such as executive function. Additionally, no patients reported that side effects caused
discontinuation of medical cannabis, which is in accordance with a previously published abstract that
determined that mild cannabis-related adverse events did not discourage use in individuals with TBI [70].
However, it is possible that the clinic lost patients who experienced side effects to follow-up, and therefore
this information was not captured. There is a great need for more prospective research to better assess
this relationship.

Mental health

The high prevalence of depression within this sample is consistent with many studies [11, 12, 26-28] which
indicate that mental health is an important indicator of patients seeking medical cannabis. A total of 37
patients (69.8%) reported depression in our sample, much higher than the estimated lifetime prevalence in
community samples [71]. A history of depression has been found to be an important indicator of long-term
symptoms following a TBI, which could explain the high proportion of patients who have experienced
depression seeking alternative treatments [43, 72]. Alternately, only 28 patients (52.8%) reported
specifically using medical cannabis to help with their depression symptoms, which is similar to the
prevalence in other medical cannabis studies [11, 44, 48]. Anxiety was reported as a reason for medical
cannabis use in 40 patients (75.5%). Anxiety is commonly reported as a reason for initiating medical
cannabis use [44, 48, 73]. Mental health issues following a TBI are common [74] and medical cannabis
might help to alleviate these symptoms.

A large portion of patients reported experiencing pain, potentially indicating an increased risk for the
use of opioids and other pain-relieving medications. At the time of follow-up, patients reported that they
had reduced other medications, including opioids, pain relievers, and stimulants, since starting treatment at
GLMC. Cannabis has been reported to aid in harm reduction and reduce prescription medication and
alcohol use in multiple studies [75-77]. It has also been reported as a mediator to control distress in those
with prior trauma [78]. Cannabis should continue to be investigated as a modality to prevent misuse of
other substances in patients who have experienced a TBI [76, 79].

To our knowledge, this is the first full retrospective chart analysis on medical cannabis use in
individuals who have experienced a brain injury. In the future, prospective studies with larger sample sizes
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are important in understanding the safety and potential benefits of medical cannabis for patients who have
experienced a TBI.

Limitations

In addition to limitations associated with performing a retrospective chart analysis, the modest sample size
of this study (n= 53 baseline assessments and n=26 follow-up assessments) could affect the
generalizability of data and the ability to detect significant associations. This limitation is extended further
by the manner in which nearly half the sample was already using cannabis at entry, which would be likely
to significantly reduce the size of any therapeutic effect (as subjects may already have been benefitting from
suboptimal use of recreational cannabis). It could be predicted that those who were already using cannabis
at the start of treatment might already have gained significant clinical benefits from the drug, even if the use
was not clinically optimized; if so, this might have reduced the clinical impact compared to “new starts”
who began using medical cannabis de novo and resulted in an underestimation of treatment efficacy. Thus,
the high heterogenicity and low number of subjects, combined with pre-existing cannabis use, make
substantial conclusions difficult. However, this is inherent to the TBI population. While the information was
found in the physician’s notes, the questionnaires within the intake and follow-up forms relied on
self-reported data, which may have led to less precision. Some charts were incomplete, or patients did not
return for follow-up, which may affect the completeness of data extracted, although this is a common
concern in chart reviews. The exact statistical nature of missing data values for different variables was not
determined (i.e. missing at random versus not missing at random) as to do so would require follow-up with
subjects to obtain some of this data which was beyond the scope of the research ethics board (REB)
approval. Thus, future studies should design their protocols in such a way to make this possible.
Additionally, with the available information, it could not be determined if co-morbid symptoms were a
result of the TBI or from pre-existing conditions. It will also need to be determined whether such studies
are feasible in countries where attitudes towards medical cannabis in general may be less favorable than in
the USA [80]. Nevertheless, there is a paucity in the literature on data for individuals with TBI who use
medical cannabis. The present data offer a number of benefits, including that all clients were seen by a
medically trained clinician, authorized to use legal and high-quality cannabis-based products (whose
contents are known accurately), all clients were treated at a medical cannabis clinic where all staff have
high levels of expertise, and all clients completed questionnaires that are routinely used for clinical
research studies. Thus, the data provide exploratory information about the use of medical cannabis in TBI
which will inform the design of other larger studies in the future.

Conclusion

This study contributes novel data on the use of medical cannabis in patients who previously sustained a
brain injury. The heterogenous nature of this sample is representative of real-world diversity for this
complex and chronic condition. Currently, very little evidence is available for this population, thus this
study serves as important insight to guide future research.

In the present study, neuropsychiatric conditions, including depression, pain, and anxiety were
common in this group who had experienced a TBI. The most frequent methods of medical cannabis
ingestion included daily smoking, vaping and oral consumption, and included a combination of products
with differing ratios of THC to CBD. While there was limited or inconclusive evidence of improvements in
pain and mental health using validated scales, there were self-reported improvements in mental health,
sleep, and reduction of polypharmacy. Importantly, medical cannabis did not appear to worsen patient
symptoms including mental health and pain. Taken together, these findings indicate there may be some
therapeutic potential for medical cannabis in patients with brain injury. Further investigations using larger,
higher-powered trials are necessary to better evaluate the safety and efficacy of medical cannabis for
this population.
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