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Abstract: Worldwide, approximately 15 million people per year suffer from stroke. With about
5 million deaths, stroke is the second most common cause of death and a major cause of long-term
disability. It is estimated that about 25% of people older than 85 years will develop stroke. Cannabis
sativa and derived cannabinoids have been used for recreational and medical purposes for many
centuries. However, due to the legal status in the past, research faced restrictions, and cannabis
use was stigmatized for potential negative impacts on health. With the changes in legal status in
many countries of the world, cannabis and cannabis-derived substances such as cannabinoids and
terpenes have gained more interest in medical research. Several medical effects of cannabis have been
scientifically proven, and potential risks identified. In the context of stroke, the role of cannabis is
controversial. The negative impact of cannabis use on stroke has been reported through case reports
and population-based studies. However, potential beneficial effects of specific cannabinoids are
described in animal studies under certain conditions. In this narrative review, the existing body
of evidence regarding the negative and positive impacts of cannabis use prior to stroke will be
critically appraised.
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1. Introduction

Globally, stroke is a major cause of death and disability. Therefore, understanding
factors that contribute or mitigate CNS injury-related pathologies remains paramount in
reducing the disease burden. Cannabinoids from Cannabis sativa (i.e., phytocannabinoids)
are the most widely used psychoactive drugs today [1]. About 180 million people consume
cannabis annually and this number has been steadily increasing as this substance has
become legalized in different places around the world [2]. There is a large public interest in
potential therapeutic effects of cannabinoids [3]. Currently, over 100 cannabinoids have
been isolated [4]. Tetrahydrocannabinol (THC) and cannabidiol (CBD) are the most com-
mon, and best studied, phytocannabinoids [5]. THC is considered the main psychotropic
component of the cannabis plant [6] and its effects include cognitive impairment, altered
sense of time, or mood changes [7]. CBD is nonpsychotropic, though its mechanisms are
much less studied [7]. Therapeutic actions of THC and CBD include the ability to act as
anti-inflammatory agents, and neuroprotection [8]. Adverse effects of cannabis include
impact on blood pressure, memory, psychomotor performance, and psychosis, though
acute toxicity of cannabis is low [9].

Cannabinoids can be divided into endocannabinoids, synthetic, and phytocannabi-
noids [7]. Synthetic cannabinoids include prescription and illicit compounds. Spice and
K2 are two synthetic cannabinoids with a high potential for abuse, and they exhibit high
affinity for the CB1 receptor [7].

Endocannabinoids are the endogenous counterparts of phytocannabinoids [4] with
the two G protein-coupled receptors, CB1 and CB2, as the endogenous cannabinoid recep-
tors [10]. The CB1 receptor is found mostly throughout the nervous system, and the CB2
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receptor is mostly found in the immune system [6]. Both CB1 and CB2 receptor activation
causes inhibition of adenylate cyclase activation by Gi or Go signaling processes, which
results in an overall reduction in cyclic adenosine monophosphate (cAMP) production [6].
In the CNS, activation of CBl1 is associated with a reduction in neurotransmitter (NT)
release at central synapses via a retrograde signaling mechanism involving inhibition of
presynaptic voltage-dependent Ca channels. Both pre- and postsynaptic neuronal CB1
activation have been demonstrated to be neuroprotective in various neurodegenerative
CNS disorders and may involve, in part, a reduction in excitotoxic NT release, modification
in the glial release of proinflammatory mediators, and improved blood flow to the damaged
brain. CB2 are expressed on innate and adaptive immune cells and other non-neuronal
cells, including CNS resident microglial cells, glia, and endothelial cells. In contrast to CB1,
and in keeping with the restricted expression of this receptor to primarily non-neuronal
cells, activation of CB2 is nonpsychoactive.

Two commonly studied endogenous cannabinoids that bind to these receptors in-
clude N-arachidonoylethanolamide (AEA), and 2-Arachidonoylglycerol (2-AG) [11]. AEA
and 2-AG are lipids that are not stored in vesicles prior to their release [7]. AEA is pro-
duced in response to certain stimuli from glycerophospholipids by N-acyltransferase or
N-acyl-phosphatidylethannolamine-specific phospholipase D (NAPE-PLD) [11]. AEA is
degraded by hydrolysis to free fatty acids and ethanolamine by fatty acid amide hydrolase
(FAAH) [11]. 2-AG is formed from arachidonic acid containing membrane phospholipids
by three different pathways, diacylglycerol (DAG) by the enzyme DAG lipase, lipoprotein A
(LPA) via LPA phosphatase, or lysophosphatidylinositol (LPI) via lysophospholipase C [11].
2-AG is degraded to arachidonic acid and glycerol by hydrolysis catalyzed by different
enzymes, including FAAH and monoacylglycerol lipase (MAGL) [11]. Phytocannabinoids,
including THC and CBD, also elicit their effects by binding to the cell membrane receptors
of CB1 or CB2 [12]. THC has a lack of specificity for the CB1/CB2 receptor [13] and activates
both receptors. THC also has the highest potency at these receptors, compared to any other
identified phytocannabinoids [14]. The endocannabinoid system plays many roles in health
and diseases, including neurological disorders such as stroke.

A stroke occurs when the blood supply to the brain has been disturbed due to ischemia
or hemorrhage [13], which can lead to neurological deficits or death [15]. An ischemic
stroke is much more common than hemorrhagic stroke, which is responsible for less than
20% of all strokes [16]. There are many different factors that can lead or contribute to the
onset of a stroke, including drugs of abuse [17]. Worldwide, approximately 15 million
people per year have a stroke. With about 5 million deaths, stroke is the second most
common cause of death and a major cause of long-term disability [18]. It is estimated that
about 25% of people older than 85 years will develop stroke.

Many countries permit cannabis use for both recreational and medicinal use [19].
However, there is also significant research reporting negative impacts that cannabis can
have under certain conditions [20]. In the context of stroke, cannabis use has the potential
to impact incidence and outcome of the condition. As some cannabinoids can provide
neuroprotection, there has been indication, mostly through animal studies, that prestroke
cannabinoids can have positive effects such as reduced infarct size [21]. Other evidence,
mostly collected from case reports or population-based studies, suggests that cannabis
use could be a risk factor for stroke and worsening patients” outcomes [7]. This narrative
review will contrast evidence to support both opposing views.

2. Negative Impacts of Cannabis Use on Stroke

Several studies have claimed a link between cannabis use and the risk of having a
stroke. The incidence of cannabis-related strokes has been increasing in recent years, which
coincides with cannabis being more readily accessible and widely used [22,23].
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2.1. Epidemiology

There is no consistent definition of a cannabis user in the literature. In general, a
cannabis user is defined as someone who had reported smoking cannabis recently before
data collection for the studies examined. When referring to a chronic user, this entails
someone who had smoked cannabis before their stroke as well as regularly throughout
their life. When looking at the stroke incidence in cannabis users, many reports indicate
an increased risk of stroke for people who use cannabis regularly [23-27]. The increase in
cannabis users was reported as 1.8 [26], 2.3 [23], and most commonly 4.5 to 5-fold [10,27]
in comparison to nonusers [7,24-26] throughout different studies [7,26]. In addition, the
severity of stroke was pronounced in cannabis users, evidenced by significantly more
hospitalizations in the cannabis users compared to nonusers [28,29].

2.2. Age Groups

Most of the data collected thus far point to a link between young cannabis users and
an increased risk of stroke [29], with the biggest at-risk age group between 25-34 years of
age [30]. In a study looking at case reports of young people (mean age: 32 years) who had
a stroke, 81% reported cannabis use [25,31]. In another study of 23 case reports of cannabis-
induced stroke, the mean age was 28 [32]. Cannabis use in stroke has been found to be
much more prevalent in the younger population [1], and cannabis use can be considered
as an independent risk factor in stroke for ages 18-55 [33,34]. Among the cannabis related
strokes, 84% of the youth were found to have particularly more complications [20]. Using
the national inpatient sample dataset (2007-2014), Desai et al. identified trends amongst
cannabis users and found that there was a 13.92% relative increase in stroke amongst young
cannabis users (18—49 years) as compared to nonusers. This effect was most noticeable in
males and was not significant in females [28]. In summary, young males that use cannabis
are more likely to be hospitalized for stroke.

2.3. Dose, Frequency and Time Dependency

Swetlik et al. reported that among individuals who use cannabis, the occurrence of
ischemic stroke was 1.2%, and hemorrhagic stroke was 0.3%, which is higher than the rates
observed in people who do not use cannabis (where the prevalence was 0.8% for ischemic
stroke and 0.2% for hemorrhagic stroke) and stated that there is insufficient information
regarding a dose responsive relationship [35]. The negative impact of cannabis use on stroke
appears to be frequency- and time-dependent [13]. In a study of case reports, 81% of the
cases exhibited a temporal relationship between the time that the patient had last smoked
and the occurrence of stroke [22]. Studies report that the hour immediately after smoking is a
critical time point [36]; the risk of stroke increases significantly by about 4.8-fold [26]. When
compared with a group of nonusers, people who use and had just smoked cannabis had an
up to 5 times increase in risk of a stroke [36]. Evidence also suggests that the incidence of
stroke is related to the amount of cannabis used, with heavy use having the most frequency
of stroke [37]. Recent and heavy cannabis use has been found to be the most linked with
stroke [38—40]. Infrequent use of cannabis also does not appear to influence the stroke risk,
compared to nonusers and heavy users [41]. One report describes a 4.7-fold increased risk of
stroke in patients who use cannabis weekly or more then weekly [42]. In a study looking at
people’s marijuana consumption after having a stroke, it was reported that in one quarter of
the patients, their use had increased significantly in the days leading up to stroke [43]. Stroke
tends to occur most often in frequent and heavy users [44,45], and there is lots of evidence to
suggest a dose-dependent or temporal relationship in stroke. This may indicate, as well, that
small doses may have little or no effect in increasing the risk of a stroke. In summary, while
some studies have reported on the effect of frequency and temporality of cannabis use on
the risk of stroke, there are few reports on the dose ingested /inhaled and the impact that
has on stroke risk. This is due to the difficulty of quantifying the ingested dose at the time of
hospital admission.
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2.4. Co-Consumption

Though many studies have reported a link between cannabis use and the occurrence
of stroke, the impact of other substance (co-)abuse needs to be considered as well, since
many cannabis users also used cocaine, amphetamine, or other psychostimulant drugs,
as well as alcohol and tobacco, and some strokes occur with multidrug use [13,22]. For
example, stimulants such as amphetamines and cocaine, as well as their derivatives, were
associated with ischemic and hemorrhagic stroke with different mechanisms [22]. In a study
of cannabis use in pregnant women, cannabis use during pregnancy was associated with a
greater risk of ischemic stroke, whereas cannabis use before pregnancy was associated with
hemorrhagic stroke, compared with women not using cannabis [46].

When alcohol and tobacco covariates were adjusted for, the association between
cannabis use and stroke was no longer present [1,47]. Looking at young people who had
had a stroke, 84% of the cases showed a link between cannabis use and stroke, without
accounting for other substances [20], making it unknown whether cannabis use and stroke
exhibits this strong association, or if it is better accounted for with other substances. In
addition, cannabis users more likely had underlining health conditions or had increased
risk factors including hypertension, obesity, coronary artery disease, and heart failure [33].
It was reported that cannabis use independently predicted the risk of heart failure in
patients aged 18-55 years old, although the clinical association between cannabis use and
development of heart failure is likely multifactorial.

2.5. Mechanisms of Action

Different mechanisms of action have been hypothesized to elucidate the link between
cannabis and stroke (see Table 1). However, there is currently no proven mechanism to
fully explain this link [17]. Most of the mechanisms assume that cannabinoids are altering
cerebral perfusion through impact on blood pressure or clot formation [48]. Cannabis-
related blood pressure changes include mechanisms such as vasoconstriction or vasospasm,
as well as alterations of arterial blood flow through vasodilation [1,7,13,16,27].

Table 1. Potential mechanisms of action for cannabinoid-induced stroke.

Vasculature Clotting/Thrombosis
Reversible cerebral vasoconstriction syndrome Intracranial arterial stenosis
Vasospasm, vasoconstriction Atherosclerosis
Arterial blood flow alterations Platelet aggregation

The most evidence for potential mechanisms of cannabis-induced stroke exists for
the reversible cerebral vasoconstriction syndrome [1,2,5,7,11,13,16,21,27,49,50]. Reversible
cerebral vasoconstriction syndrome is a term that encompasses many syndromes related
to vasoconstriction, such as vasospasms, that can later lead to the occurrence of ischemic
stroke [51]. It has been found that reversible cerebral vasoconstriction syndrome was
reversed when cannabis use was ceased [52]. In a prospective study of 48 young patients
who had a stroke, reversible cerebral vasoconstriction was found to be a mechanism, and
in follow-up, this effect of vasoconstriction was reversed in those who had stopped their
cannabis use [27]. The cerebrovascular effect of cannabis was found to be correlated with
an increased pulsatility index and systolic velocities, both linked with cerebral vasocon-
striction [49]. Increasingly, oxidative stress, endothelial-damage-associated hemodynamic
dysfunction, procoagulant effects, and mitochondrial dysfunction have been reported to
be contributors to cannabis-induced angiopathy. THC, in particular, has been implicated
in causing much of brain mitochondrial respiratory chain dysfunction and increases in
oxidative stress [7,50,53]. THC has been hypothesized to influence coagulation leading
to clot formation and subsequent stroke [30]. This is also related to other mechanisms
of cannabis-induced stroke, including atherosclerosis and dysfunctional platelet aggre-
gation [1,13,16]. In animal studies to assess the mechanisms of THC, it was found that
the cerebral blood flow was reduced after administration of THC, though this study did
not assess if this later caused strokes in the animals [54]. THC has been found to cause
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hypotension as well as vasospasm and cerebral infarction [55]. Some studies looking at
THC causing hypotension found that it can lead to compensatory vasoconstriction and
reversible cerebral vasoconstriction syndrome [13,56].

Another proposed mechanism of cannabis-induced stroke is activated platelet ag-
gregation, which may contribute to the formation of a cerebral blood clot [57]. Stroke
patients with high-dose cannabinoid consumption showed increased platelet aggregation,
and platelets were found to be positive for both the CB1 and CB2 receptor, indicating that
platelets may represent a way that cannabis is inducing stroke [58].

Atherosclerosis and atherosclerotic plaques are other potential sources for clot-formation-
inducing ischemic stroke related to cannabis use. This mechanism has caused some contro-
versy in the literature. Studies have found that the CB1 receptor activation may contribute to
plaque development in blood vessels, while the CB2 receptor contributes to reduced plaque
development, providing a protective effect [59]. Further research is needed to understand
the exact mechanism and effects of plaque development related to the cannabinoid receptors.

Intracranial arterial stenosis is frequently discussed in the literature in the context
of cannabis-induced stroke. This mechanism works on the premise that THC is causing
thickening of the arterial vessel walls, leading to narrowing of the vessel lumen and
reduced blood flow to the brain, which could contribute to causing an ischemic stroke [60].
Interestingly, some studies have found a link between arterial stenosis and young cannabis
users who have had a stroke [61]. In a study examining cannabis users compared to
nonusers, arterial stenosis was found to be a statistically significant risk factor for stroke;
however, this link only existed among the younger population [62]. This mechanism
could be a promising area for future research because it is establishing a link between the
apparent most at-risk age group of young adults and arterial stenosis being observed in a
significant amount of the cases of stroke. Figure 1 summarizes the main contributors to
cannabis-induced angiopathy.

THC RCVS/ARTERIAL
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Infarct core
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Figure 1. Mechanisms of cannabis-induced angiopathy leading to ischemia.

However, since vasoconstriction does not equal complete vascular occlusion, as in
ischemic stroke, further research needs to be carried out to establish the link between the
mechanism of reversible vasoconstriction and its contribution to stroke to support this
hypothesized method.

3. Potential Positive Effects of Cannabinoids on Stroke Outcome

There is growing body of evidence suggesting that the endogenous cannabinoid
system can provide an array of potential benefits, particularly in the role of neuropro-
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tection for stroke. The majority of the in vivo results supporting these positive effects
have been found in preclinical research. There have been limited studies involving human
subjects performed within this field [4].

3.1. CB1 Receptor Agonism

Studies have shown that CB1 receptor activation can reduce neuronal damage. One
of the studies examined the effect of the unspecific cannabinoid receptor agonist, WIN
55,212-2, on neuronal protection using a rat ischemic reperfusion model [63]. The ischemic
injury was generated by occlusion of the common carotid artery (CCA) followed by reper-
fusion. The animals who received pretreatment of the agonist had increased neuronal
survival compared with rats who did not receive WINS55,212-2, particularly within the
stratum radiatum CA1 region of the hippocampus. Coadministration of the CB1 antagonist,
SR141716A, reversed this neuroprotection, suggesting that the neuroprotection is linked
to the CB1 receptor. Within the same study, researchers also observed CB1-related effects
in the middle cerebral artery (MCA) occlusion model. Pretreatment with WIN55,212-2
showed an approximate 30% decrease in infarct size [63].

In another study, using electroencephalography (EEG) and spontaneous motor activity
scores, gerbils treated with CP-55940, a CB1 agonist, before carotid artery occlusion showed
a protective effect against EEG flattening. This effect was not present when a CB1 antagonist
(SR141716A) was given, indicating direct CB1 involvement [64].

The neuroprotective potential of the CB1 receptor has also been supported by research
utilizing cannabinoid receptor knockout mice. Following MCA occlusion, the mice that did
not possess the CB1 receptors experienced increased mortality and more severe neurological
damage. The knock-out mice displayed threefold larger cerebral infarcts and an increased
number of behavioral deficits. This finding supports an endogenous neuroprotective role
of the CB1 receptor [65].

There have been several hypotheses about the exact mechanisms of cannabinoid-related
neuroprotection (see Figure 2). CB1 receptors are linked to several signaling pathways,
including the inhibition of calcium channels via G-protein coupled receptors. These channels
are involved in the release of the neurotransmitter, glutamate, which has been shown to be
related to neuronal death in several hypoxic and ischemic models [63]. Research involving
rat hippocampal cultures has demonstrated that activating CB1 can inhibit the release of
glutamate presynaptically, thus protecting against glutamate-induced excitotoxicity [66].

Stroke

| Microglia

| cIps

{ Temperature

v v

I Macrophages
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Figure 2. Mechanisms of action for neuroprotection by CB1 and/or CB2 receptor activation. Informa-
tion from [49,63,67-69].
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3.2. CB1 Receptor Antagonism

There remains uncertainty on the specific role of the CB1 receptor within ischemic
stroke models due to evidence of protective effects utilizing CB1 receptor antagonists.
Hansen et al. (2002) [67] demonstrated that a CB1 receptor blockade reduced infarct area
and the number of degenerating neurons in a neonatal NDMA-induced damage model.
The mice that were given the SR141716A, a CB1 receptor antagonist, prior to NDMA
exposure, showed reduced damage within the cerebral cortex as well as the thalamus. The
protective effect of the antagonist was reversed by co-administering a cannabinoid receptor
agonist [67]. A similar finding was produced when the SR141716 antagonist was given to
rats before MCA occlusion. The rats that received the antagonists displayed a significant
reduction in cerebral infarct volume. Another experimental group was administered
with WIN55,212-2 and the brain damage was not affected, showing no change compared
to vehicle [68]. Reichenbach et al. (2016) [69] utilized the SR142716 antagonist in the
photothrombotic model of cerebral ischemia. The antagonist was administered prior to
the induction of injury. The data demonstrated a reduction in infarct volume as well as a
decrease in neurological impairment scores when compared to controls [69].

Knowles et al. administered the CB1 receptor antagonist, AM251, to rats prior to occlu-
sion. This specific antagonist has been found to block endocannabinoid function and pro-
duce no agonistic effects. Researchers examined neuronal damage and hormone expression.
They found that pretreatment with AM251 lessened CA1 injury and behavioural changes,
as well as reduced ischemic impacts on dopamine receptor expression and corticotropin-
releasing hormone [70].

One of the possible mechanisms of the neuroprotective effects of CB1 receptor block-
ade is related to the receptor’s role in the release of the neurotransmitter GABA. CB1
receptors have high expression on GABA neurons and these receptors’ activity inhibits
neurotransmitter release [71]. It has been found that upregulating GABA signaling aids
in reducing injury in ischemic rat models; thus, blocking CB1 receptors should aid in
producing this effect [72].

The different findings of CB1 agonism versus antagonism regarding neuroprotective
effects are contradictory. There are several potential explanations, including differences in
experimental methodology. For example, various anesthetic compounds are utilized for the
experiments; route of drug administration may also play a role, e.g., intraperitoneal versus
an intravenous injection. Differences in animal species and the type of ischemic model
utilized should also be considered. Another important factor is the possibility that the
agonists or antagonists may be acting on receptors that are outside of the endocannabinoid
system (off-target effects).

3.3. CB2 Receptor Agonism

Growing evidence suggests that CB2 receptor activation provides neuroprotective ef-
fects. The CB2 agonists, O-1966 and O-3853, given before MCA occlusion have been shown
to significantly reduce infarct size in mice. Motor function scores, taken 24 h after ischemia,
were also improved in the treated mice when compared to the untreated control group [73].
These results are specific to CB2 as the agonists utilized have a low affinity for CB1 re-
ceptors. The study also examined the role of the CB2 agonists on leukocyte-endothelial
interactions. CB2 activation was found to be related with decreased rolling and adhesion
to vascular endothelial cells [73]. This conclusion has been supported by investigation of
the immunomodulatory role of CB2 receptors in central nerve system injury. Sultana et al.
found that in a CNS injury model, when the CB2 agonist HU308 was administered, the
brain injury size was reduced, and leukocyte response was also restored compared to a
control group with no treatment [74]. Ronca et al. also utilized the CB2 agonist O-1966
which was injected prior to the photoinjury model. Researchers also investigated injection
at time points post ischemia. In all groups, they found a smaller infarct volume and pro-
tection against cognitive deficits [75]. Yu et al. utilized an MCA occlusion stroke model
in rats and administered pretreatment with the CB2 agonist, AM1241. The agonist was
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administered prior to occlusion, and brain infarction along with neurological scores were
assessed. AM1241 was found to reduce infarct size and deficits. Interestingly, the authors
also assessed whether the agonist would produce the same effect if administered post
occlusion. They found no behavioral improvement or reduction in infarct when the agonist
was given 2-5 days following occlusion, indicating a time-dependent neuroprotection.
These findings can be primarily attributed to CB2 as the AM1241 agonist has a 100-fold
selectivity over the CB1 receptor [35].

3.4. CB2 Receptor Antagonism

Post stroke, the immune system mounts an inflammatory response. To limit neu-
roinflammation, depression of exaggerated immune response is initialized in parallel.
This well-balanced process can be dysregulated, leading to systemic suppression of the
peripheral immune response and increased susceptibility to infection, known as CNS injury-
induced immunodepression syndrome (CIDS) [76]. The CB2 receptor has been found to be
involved in this regulatory immune response [74]. Using a cerebral hypoxia ischemia (HI)
model, the effect of CB2 receptor inhibition with AM630 on CNS injury-induced immunod-
eficiency syndrome (CIDS) was studied. Leukocyte activation was measured in different
groups following endotoxemia challenge with and without AM630 treatment [77]. This
study found that mice with endotoxemia challenge who had undergone HI had reduced
leukocyte activation compared to the control group. The group that had undergone HI with
endotoxemia along with AM630 treatment had restored leukocyte activation, indicating
that blocking of the CB2 receptor could be a potential treatment for post stroke CIDS [77].
Importantly, AM630 did not lead to an increased infarct size.

In contrast, in a study looking at the effects of WIN55,212-2 in hypoxia ischemia
of rats, it was found that WIN55,212-2 had a protective role, and administration of the
CB2 antagonist SR144528 reversed the neuroprotective effects provided by WIN55,212-2
indicating that CB2 was necessary for this provided protection [78]. The CB2 receptor
has been found to improve CIDS by reducing the initial inflammatory response, which
in turn lessens the counter regulation and immunosuppression. In a study using HU308,
a CB2 agonist, as a pretreatment in a stroke model, the local inflammatory response was
reduced, and in turn, CIDS was attenuated [74]. This same study also tested the effects of
late administration of AM630 post stroke and showed that delayed CB2 inhibition leads
to improvement of post-stroke outcomes [74]. Therefore, in the case of CIDS, it is likely
time-dependent on whether CB2 activation can is beneficial or detrimental.

3.5. Co-Antagonism of CB1 and CB2

The effects of different CB1 and CB2 antagonism or agonism are summarized below
in Table 2.

Table 2. Summary of potentially positive effects of cannabinoids on stroke outcome.

Mechanism Compound Model Outcome Reference
CB1/2 Agonist WIN55,212-2 CCAO & MCAO Reduced infarct volume [63]
CB1 Agonist CP5590 CCAO Protective effect against motor activity damage [64]
CB1 Antagonist SR141716A NDMA Reduced infarct volume [67]
CB1 Antagonist SR141716A MCAO Reduced infarct volume [68]
CB1 Antagonist SR141716A Photothrombotic Reduced infarct volume [69]
CB1 Antagonist AM?251 Global Ischemia [70]
CB2 Agonist 0-1966, O-3853 MCAO Reduced infarct volume and improved motor function [73]
CB2 Agonist 0-1966 Photoinjury Reduced mfarcz:;‘i‘tﬁ and protection against [75]
CB2 Agonist AM1241 Global Tschemia (4VO) Reduced infarct volume and a decrease in [35]

neurological deficits
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Ward et al. hypothesized that knocking out both the CB1 and CB2 receptors would
increase infarct size and they performed this experiment utilizing the MCAO model in
male mice. Surprisingly, they demonstrated that these mice possessed a reduced infarct
size and improved recovery. Researchers suggest that in order to compensate for this loss
(of the cannabinoid receptors) and maintain homeostasis, there are changes within other
pathways, such as the eicosanoid system [79].

3.6. Limitations and Conclusions

As there were limited data on the topic of cannabis use and stroke, a systematic or
scoping review was not able to be completed, and, thus, a narrative review was carried out.

Most findings related to negative side effects or outcomes of cannabis use in stroke
were retrieved from case reports, specifically from hospitalization records. These case
studies are often broad with different definitions of usage, unclear methods of cannabis
consumption, or no specific information on the cannabis strain that was utilized. Differences
in the strain, cannabinoid compounds, and method of consumption involved have the
potential to yield varying effects from usage. Terms such as “users” and “nonusers” are
often listed without clarification on amount or frequency of usage, and dose dependency is
an important factor in relation to cannabis use its link with stroke. “Chronic consumption”
has also been listed in several reports without a clear operational definition of what this
entails, such as how often and how much one needs to be consuming to fit the criteria of a
chronic user. Co-consumption is often overlooked, as studies have mentioned that many
cannabis users may also utilize other substances concurrently which may better explain
the negative impact that cannabis use has appeared to show. Though many studies have
mentioned that there is a significant correlation between cannabis use and stroke, this does
not mean that this is necessarily related to causation. Without proper analysis of these
factors, it is difficult to be certain of the negative effects of cannabis usage on stroke.

Despite the abovementioned limitations of the available data, it is prudent for health-
care providers to advise patients on the potential risks of recreational cannabis use. Ac-
cording to our search of the literature, a preventive effect of cannabis use for stroke has not
been shown in any study. The higher risk of cannabis-related stroke in younger patients
is concerning.

In contrast, there is potential for the endocannabinoid system (ECS) to act as drug
target for patients who had a stroke. However, more studies are needed to elucidate the
exact role of the ECS in stroke. In particular, the long-term effects of ECS-directed treatment
are not known. In particular, the impact of CB2 modulation on systemic immune response
is a potential area of concern. Without those mechanistic studies, clinical studies are at high
risk of failure and detrimental outcomes.

The legalization of cannabis for recreational and medical use in many jurisdictions
has contributed to decriminalization and changed the (negative) stigma of cannabis. It is
now the mandate of medical research to provide the scientific data for potential beneficial
effects or detrimental side effects of this drug. Stroke will be an important area of research
on cannabis in the future.
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