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Role of Cannabinoids in Pain Management
Omar I. Halawa, MD b Timothy J. Furnish, MD b Mark S. Wallace, MD

Cannabinoids are a diverse group of herbal, endogenous, 
and synthetic compounds that bind to specific inhibitory 
receptors in the body. The most common source of can-
nabinoids is the Cannabis plant, which has been used rec-
reationally, industrially, and medicinally for thousands of 
years. In modern times, few substances have carried more 
stigma or ignited more debate. However, over the past 
20 years, the public and medical community’s attitude 
towards cannabinoids has been shifting. While it remains 
illegal federally, multiple US states have loosened state 
restrictions, including decriminalizing possession, legal-
izing medicinal use, and approving recreational use. With 
this changing landscape come many challenging questions 
from providers and patients: What role do cannabinoids 
play in alleviating pain? Should physicians recommend 
cannabinoids for the treatment of pain? What are the risks 
and side effects? How do patients obtain and use a cannabi-
noid drug? How should physicians who choose to recom-
mend cannabinoids select appropriate patients and monitor 
them? What are the legal and regulatory issues that pro-
viders and researchers face in dealing with cannabinoids?

HISTORY OF CANNABINOIDS IN MEDICINE
Cannabis is one of the oldest documented herbal medi-
cines, used for at least 5000 years.1,2 It was initially uti-
lized for its industrial properties to produce paper, textiles, 
and clothing, and as an important food source of hemp 
milk, oil, and seed.3 Around the 1st century, the Chinese 
pharmacopoeia recommended its use for rheumatic pain, 
constipation, disorders of the female reproductive sys-
tem, and malaria.3,4 The ancient Indians used it to treat 
headaches, insomnia, gastrointestinal disorders, and pain 
during childbirth.5 The West remained isolated from can-
nabis until the mid-19th century, when an Irish physician 
serving in the British military force in India documented 
cannabis’s medicinal properties, igniting its spread into 
Europe and the Americas. In 1845, it was first listed in the 
United States Dispensatory as a sedative, analgesic, and 
anticonvulsant.6–8 Popularity for this herbal remedy con-
tinued, and its indications expanded to include: headaches, 
migraine, eye-strain, menopause, brain tumors, neuralgia, 
gastric ulcer, uterine disturbances, dysmenorrhea, chronic 
inflammation, acute rheumatism, tingling, and relief of 
dental pain.3,9 As the production of medicines became 
more commercial in the late 1800s, pharmaceutical com-
panies marketed tinctures and extracts of cannabis leading 
to increased public consumption.10

In the early 20th century, there was an overall decline in 
herbal remedies—including cannabis—as pharmaceutically 
synthesized compounds like barbiturates, aspirin, and opi-
oids became the accepted norm.3,7,9 Additionally, cannabis’s 

psychotropic effects, criminal associations, and lack of reg-
ulation led to further decrease in public consumption. In 
1937, Congress passed the Marihuana Tax Act restricting 
and taxing the medical and nonmedical use of the drug. 
This led to the removal of cannabis from the American 
Pharmacopeia.3,7,11 In 1970, the Controlled Substances Act 
(CSA) classified cannabis as a Schedule I drug, cementing 
its status as an illegal substance without acceptable medical 
use. This increasingly restrictive environment contrasted 
with emerging research into cannabis’s pharmacological 
properties. The 1940s marked the first experiments per-
formed using single cannabinoids. Tetrahydro-cannabinol 
(THC), the major psychoactive ingredient in cannabis, was 
isolated in the 1960s by Mechoulam and Gaoni,7 ushering 
in a new understanding into the mechanisms and effects 
of cannabinoids on the central nervous system (CNS).12–14 
This was further solidified in the 1980s and 1990s by the 
discovery of endogenous cannabinoids (endocannabinoids) 
and their specific receptor targets, cannabinoid receptor 
type 1 and 2 (CB1 and CB2).15

The 1990s brought about a more permissive view of 
cannabinoids as US states, like California and Arizona, 
passed the first medicinal marijuana legislation (Arizona’s 
referendum was invalidated 5 months later, but has since 
been reinstated by voters). Currently, 23 US states (plus 
the District of Columbia) have approved the medicinal use 
of cannabis in various forms. Four states have legalized its 
recreational use, while several others have decriminalized 
its possession. This legalization trend is likely to continue, 
with increasing calls for the Federal government to reeval-
uate its classification of cannabis as a Schedule I drug.16

The medicinal cannabinoid debate, specifically relating 
to marijuana, remains quite polarized. Its supporters argue 
that the herb contains numerous active constituents mak-
ing it potentially more clinically effective than any synthetic 
or single constituent pharmaceutical. Moreover, it has a 
superior safety profile compared to analgesics like opioids 
because of its lack of lethal dose or risk of respiratory depres-
sion, substantiated by millennia of use. Opponents, on the 
other hand, argue that because it is a plant, its contents are 
nonstandardized and thus highly variable. Additionally, can-
nabis is addictive, impairs cognitive function, and has poten-
tial long-term risks, particularly in children and adolescents. 
Finally, removing the Schedule I classification of cannabis 
would lead to more widespread availability and recreational 
use, leading to untold public harm. 

CLASSIFICATION OF CANNABINOIDS
The term cannabinoid refers to both endogenous and exog-
enous compounds that bind to specific inhibitory canna-
binoid receptors, ultimately decreasing neurotransmitter 
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release. Historically, it referred to compounds derived 
from the Cannabis plant. With the discovery of human 
cannabinoid receptors, endogenous cannabinoids, and the 
development of new synthetic nonherbal compounds with 
similar effects, the term now applies more broadly to any 
compound having an interaction with these cannabinoid 
receptors.17 Cannabinoids can be divided into three types: 
phytocannabinoids (compounds derived from cannabis), 
synthetics (manufactured compounds), and endocannabi-
noids (compounds produced by the body, which interact 
with cannabinoid receptors) (Fig. 56.1).

PHYTOCANNABINOIDS (CANNABIS AND ITS 
DERIVATIVES)
Cannabis is the genus of the family, cannabaceae (hemp). 
Cannabis is an herb that grows in temperate and tropical 
climates and has three major subspecies: Cannabis sativa, 
Cannabis indica, and Cannabis ruderalis. Although there is 
ongoing taxonomical controversy, it is generally thought 
that these subspecies are distinct in morphology and ori-
gin.18 Anecdotally, Cannabis sativa has more psychoactive 
features compared to indica, though this is a matter of 
ongoing debate as both have significant levels of THC.19 
These two subspecies are commonly referred to as “mari-
juana.” Cannabis sativa is also the most widespread of the 
species, growing in almost all climates. There are wide 
varieties of cannabis hybrid plants that combine desired 
features of each of these subspecies. This has led to a pleth-
ora of cannabis strains with unique cannabinoid profiles 
based on the cultivation conditions, as well as selection and 
breeding. Cannabis ruderalis usually has very low amounts 
of THC (<1%) but may be a good source of cannabidiol 
(CBD) extract.

The cannabis plant contains over 400 chemical com-
pounds, of which at least 80 are cannabinoids.1 Delta-9-tet-
rahydrocannabinol (Δ 9-THC) is the most well-known and 
the primary psychoactive compound in cannabis.17,20–22 It 
mimics the action of anandamide (AEA), an endogenous 
cannabinoid in humans, having approximately equal affin-
ity for the CB1 and CB2 receptors. Other cannabinoids 
include CBD, delta-8-tetrahydrocannabinol (Δ 8-THC), 
cannabigerol (CBG), and cannabinol (CBN). The con-
centration of cannabinoids in each cannabis strain can 
vary tremendously.20 Due to selective breeding, the con-
centration of THC in recreational cannabis seized by the 
Drug Enforcement Administration (DEA) has increased 
from an average of 3% in the 1980s to 13% in 2009. More 
recently in medical marijuana dispensaries and recreational 

cannabis shops, the THC concentrations advertised range 
from the mid-teens to as high as 34%.23,24 The majority 
of these strains contain CBD in very low concentrations, 
usually under 1%. There are strains with lower THC con-
centrations available, as well as “high CBD” strains with 
concentrations generally in the range of 5% to 15%.

CBD is the second most abundant compound in can-
nabis after THC.11,20,25 It is thought to have wider medical 
applications than THC, which has fueled the demand for 
medical marijuana and pharmaceuticals with higher CBD 
concentrations compared to recreational marijuana.26,27 
CBD is generally considered to have no psychoactive 
effects, but clinically it has been reported to reduce seizures, 
improve muscle spasm, and reduce inflammation.21,28,29 It 
has a very low affinity for the CB1 and CB2 receptors, and 
may act as an inverse agonist/antagonist.20,28 These inter-
actions with the CB receptors may attenuate some of the 
psychotropic effects of THC.28,30,31 The majority of the 
marijuana strains available in medical marijuana dispensa-
ries and recreational shops contain predominately THC, 
with CBD in very low concentrations.32 However, there 
are low THC strains available, which have higher CBD 
concentrations ranging from 5% to 15%.23,24 CBN, a 
metabolite of THC, is minimally psychoactive and found 
in only trace amounts in the plant.33 Δ 8-THC is also mini-
mally psychoactive and present at low concentrations.

In addition to whole-leaf cannabis plants, there is 
another class of phytocannabinoids collectively referred to 
as cannabis-based medicine extracts (CBME). These are 
derived by extracting compounds directly from cannabis 
plants.34,35 There are two subtypes of CBMEs. The first 
are those produced by pharmaceutical companies under 
well-regulated, controlled conditions, and undergoing rig-
orous clinical trials. The second are products produced and 
sold in medical marijuana dispensaries without any regula-
tory oversight or clinical trials. There is increasing interest 
in CBD oil extracts for its wide range of medicinal uses. 
Industrial hemp, which is used in manufacturing thousands 
of commercial products, has a high CBD content and is 
used for CBD extracts in other countries. Although indus-
trial hemp contains very low levels of THC (0.3%), legally 
grown hemp in the United States still falls under Schedule 
I drug policy so CBD extraction is not allowed. However, 
CBD extracts from hemp in other countries can legally be 
sold in the United States as found on websites, health food 
stores, and dispensaries.

There are three pharmaceutically manufactured CBMEs 
that have undergone clinical trials. Nabiximols (Sativex) is a 
sublingual spray with a 1:1 ratio of THC to CBD. Cannador 

Phytocannabinoids Endocannabinoids Synthetics
*Anadamide (AEA)
*2-Arachidonyl glycerol
(2-AG)

*Cannabis
*Cannabis extracts:
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*Dronabinol
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*Ajulemic acid

FIG. 56.1 Types of cannabinoids. There are three types of cannabinoids: the phytocannabinoids (plant-
based), endocannabinoids (produced by the body), and synthetics (pharmaceutically derived). AEA, Anada-
mide; 2-AG, 2-arachidonyl glycerol.
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is an oral capsule with a 2:1 ratio of THC to CBD. Epidio-
lex is a solution of purified CBD.2,30,34 Nabiximols is cur-
rently approved in Canada and Europe for the treatment of 
spasticity in multiple sclerosis (MS). In Canada, it also has 
a conditional license as an adjunctive medication for MS-
related neuropathic pain and cancer-related pain.36,37 In the 
United States it has been studied in clinical trials, which 
initially showed promising results for advanced cancer pain. 
However, the most recent phase III trial failed to show supe-
riority over placebo, and thus far it does not have Food and 
Drug Administration (FDA) approval.38–40 Cannador has 
been used in several research studies in patients with MS 
spasticity and parkinsonian dyskinesia, but is not clinically 
available.30 The CBD-based extract Epidiolex is being stud-
ied to treat certain rare forms of epilepsy and is currently 
undergoing phase III trials.

The category of nonpharmaceutically derived CBMEs 
contains a large variety of products made from the can-
nabis plant and sold in medical marijuana dispensaries. 
These include extracts, oils, tinctures, patches, topical 
creams, and pills. The delivery routes of these cannabinoid 
products include oral administration, vaporizer inhalation, 
transmucosal absorption, transdermal delivery, and rectal 
suppository. Additionally, most dispensaries sell a variety 
of foods, drinks, and candies infused with cannabinoids. 
There is wide variation in cannabinoid concentrations in 
these products, and there are no clinical studies on their 
effects for pain or other conditions. 

SYNTHETIC CANNABINOIDS
There are two FDA-approved synthetic cannabinoid medi-
cations, dronabinol (Marinol) and nabilone (Cesamet). 
Dronabinol is a Schedule III synthetic form of Δ 9-THC, 
which is marketed in the United States for the treatment 
of nausea associated with chemotherapy, and as an appetite 
stimulant for HIV-related wasting syndrome.28,41 Nabilone 
is a Schedule II synthetic analogue of Δ 9-THC, which is 
FDA approved to treat chemotherapy-induced nausea. Both 
dronabinol and nabilone have been studied for the treat-
ment of chronic pain and spasticity.21,42 Ajulemic acid is a 
newer synthetic analogue of the nonpsychoactive terminal 
metabolite of Δ 8-THC. It is currently being investigated as 
an antiinflammatory and analgesic agent.11,43 A newer highly 
purified version of this molecule (Resunab) is currently under 
clinical investigation for a variety of inflammatory diseases.44 

ENDOCANNABINOID SYSTEM
The endocannabinoid system (ECS) refers to the human 
body’s network of cannabinoid neuromodulators (endo-
cannabinoids), enzymes, and receptors. This intricate sys-
tem is influenced by the phytocannabinoids in cannabis. 
The ECS is thought to regulate myriad behavioral pro-
cesses, including pain, mood, memory, learning, addic-
tion, and appetite.45 Until the cannabinoid receptors were 
discovered, it was thought that cannabinoid effects in the 
body were nonspecific, due to lipophilic disruption of the 
phospholipid membrane. However, discovery of CB1 and 
CB2 receptors and advances in genotyping and pharma-
cology in the 1990s led to the understanding of receptor-
specific processes.

The two primary endocannabinoids are AEA and 
2-arachidonoylglycerol (2-AG).17 These eicosanoids are 
synthesized in postsynaptic neurons and act as retrograde 
signaling messengers. During neurotransmission between 
a presynaptic and postsynaptic neuron, there are a mul-
titude of excitatory, inhibitory, and secondary messen-
ger systems at play. Endocannabinoids are thought to be 
produced on-site/on-demand from cell membrane lipid 
precursors to inhibit the presynaptic release of a variety 
of neurotransmitters, including acetylcholine, dopamine, 
gamma amino butyric acid (GABA), glutamate, serotonin, 
norepinephrine, and endorphins (Fig. 56.2).46

Anandamide (AEA), named from the Sanskrit word 
Ananda, meaning bliss, is an amide of ethanolamine and 
arachidonic acid. It is generated from its membrane 
precursor, N-arachidonoyl phosphatidylethanolamine 
(NAPE) via a multitude of pathways including phospho-
lipase A2, phospholipase C, and phospholipase D.47,48 
2-AG, on the other hand, is synthesized from diacyl-
glycerol49 through Ca-dependent pathways including 
diacylglycerol lipase and phosphatidycholine.49 AEA 
is degraded in the postsynaptic terminal primarily by 
fatty acid amino hydrolase (FAAH), whereas 2-AG is 
mostly degraded presynaptically by monoacylglycerol 
lipase (MAG).28,50 Both of these endocannabinoids are 
released into the presynaptic space by some combina-
tion of simple diffusion and facilitated, carrier-mediated 
transport.28,50

Pharmacodynamically, AEA and 2-AG bind to the 
G-protein coupled receptors (GPCRs), CB1 and CB2, 
which are located in the CNS and the peripheral nervous 
system. The analgesic properties of AEA likely involve its 
partial agonism (moderate affinity, low efficacy) of the CB1 
receptor, which, in turn, decreases the release of excitatory 
neurotransmitters.51 It has also been shown to act as a 
weak agonist at the transient receptor potential vanilloid 
1 (TRPV-1) receptors.47,52 The TRPV-1 receptors are 
expressed in nociceptive sensory neurons and respond to 
noxious mechanical, thermal, and chemical stimuli. AEA 
and capsaicin share the same TRPV-1 binding site, but 
higher concentrations of AEA are required in order to 
activate TRPV-1.47,52 Unlike AEA, 2-AG is found in much 
higher concentrations in the brain (up to 170-fold) and is 
thought to be a full agonist (low affinity, high efficacy) of 
the CB1 receptor.47,51,52 

PHARMACOLOGY OF CANNABINOIDS
The precise pharmacology of most cannabinoids remains 
unknown. However, researchers have elicited major 
mechanisms underlying the active compounds in cannabis 
including THC, CBD, and CBN. Complicating this is the 
highly variable absorption due to the plethora of delivery 
forms and routes. These include inhalation and ingestion, 
as well as absorption via oral, sublingual, topical, or rectal 
application.53 For centuries, the primary means of deliver-
ing cannabinoids has been via the inhaled smoke of can-
nabis or hashish. The variable concentration of THC and 
other cannabinoids in cannabis, the lack of controlled pro-
duction and testing in most medical marijuana products, 
and the diversity of delivery routes makes the prediction of 
pharmacologic effects difficult.21,46
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ACTIVATION DELIVERY AND ABSORPTION OF 
CANNABINOIDS
Patients who prefer not to smoke are increasingly using 
cannabis in a multitude of other forms. Cannabis vapor-
izers, similar to tobacco vaporizers or e-cigarettes, heat 
the plant material and vaporize the active ingredients (due 
to the low volatility of cannabinoids) without resulting in 
combustion or smoke. The use of cannabis-infused foods, 
candies, and drinks, or “edibles,” has surged in popular-
ity due to their slower onset of action and longer-lasting 
effects. Many of these food products are produced with 
butter or oil that has been infused with cannabinoids. The 
buds of the cannabis plant are heated in oil to extract the 
cannabinoids and decarboxylate the THC into its active 
form. The ingestion of the raw cannabis plant, without first 
heating and decarboxylating the THC, has little pharma-
cologic effect. The delayed onset and variable absorption 
of edibles often prolongs the clinical effects but increases 
the risk of overdose. Additionally, many of the commer-
cially produced edibles are sweets and candies, and pose a 
temptation and risk of children being exposed. Tinctures, 

oils, and tonics are available in medical marijuana dispen-
saries, which can be administered sublingually or added to 
food and drink items. Cannabis topicals, including lotions, 
sprays, creams, and balms, are marketed to provide local 
analgesic and antiinflammatory effects. Finally, products 
such as hash and wax contain very potent concentrations of 
cannabinoids that can be eaten, smoked, or ingested. 

PHARMACOKINETICS
The metabolism of cannabinoids occurs in the liver via the 
cytochrome P450 (CYP450) systems CYP2C subfamily 
of isoenzymes, particularly CYP2C9; therefore, this can 
result in decreased metabolism of other drugs that use the 
CYP450 system. Some metabolism occurs in the lungs as 
well as other tissues. Elimination is primarily in the form of 
acid metabolites both renally and through biliary excretion 
with only 5% eliminated unchanged.54 Extensive tissue 
storage of metabolites results in prolonged elimination, 
which may explain the lack of or reduced withdrawal symp-
toms with chronic use and abrupt cessation. The detection 
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FIG. 56.2 The Endocannabinoid System. Anandamide (AEA) and 2-arachidonyl glycerol (2-AG) are 
endocannabinoids that activate presynaptic cannabinoid type I (CB1) receptors to inhibit release of neuro-
transmitters like GABA and glutamate (Glut). This is done via two mechanisms, inhibiting calcium entry 
into the presynaptic cell and increasing potassium efflux out of the cell. The synthesis of endocannabinoids 
is initiated by the activation of the glutamate receptor (Glut), which activates the breakdown of diacylglyc-
erol into 2-AG. This endocannabinoid is transported in retrograde fashion into the synaptic cleft where 
it activates the presynaptic CB1 receptor. AEA is synthesized from N-arachidonoyl phosphatidylethan-
olamine (NAPE) via multiple phospholipases. Both 2-AG and AEA have endocannabinoid transporters 
that facilitate their reuptake and subsequent degradation. 2-AG is degraded in the presynaptic neuron by 
monoacylglycerol lipase (MAG lipase) into arachidonic acid and glycerol. AEA is broken down postsynap-
tically by fatty acid amino hydrolase (FAAH) into arachidonic acid and ethanolamine. AEA is unique in its 
activation of transient receptor potential channel 1 (TRPV1).
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of metabolites in urine will fluctuate between positive and 
negative results for days after last use. For infrequent users, 
the average time to the first negative urine test is 8.5 days 
with 12.9 days to the last positive test. For frequent users, 
the average time to first negative test is 19.1 days with 31.5 
days to the last positive test.55

Inhaled cannabis, whether smoked or vaporized, is the 
most popular delivery mechanism. It is easier to titrate than 
ingestion, producing fast and relatively predictable results. 
Smoking cannabis results in rapid absorption, delivering 
into the lungs approximately 50% of its THC content in 
the inhaled smoke. Fifty percent or more of this inhaled 
THC is then lost to exhalation and local metabolism in the 
lung, leaving a bioavailability for the active drug between 
10% and 35%.54,55 Bioavailability varies depending on 
depth of inhalation, puff duration, and breath-holding with 
regular users being more efficient. Vaporization is another 
means of inhaled delivery without burning the cannabis 
and results in higher bioavailability. The volatile canna-
binoids are vaporized when heated air is drawn through 
the cannabis.21,56 Alveolar absorption results in maximal 
plasma concentration within minutes, and psychotropic 
effects starting within a few seconds and reaching maximal 
effect within 15 to 30 minutes. Psychotropic effects with 
inhalation will last 2 to 3 hours.54

The oral administration of cannabis produces slow, but 
relatively high, absorption with peak plasma concentra-
tions at 60 to 120 minutes. However, first-pass metabolism 
results in a low bioavailability of 6% to 20% with signifi-
cant variability.55 The delay in peak blood levels of THC 
from oral administration makes self-titration more diffi-
cult. Psychotropic effects begin within 30 to 90 minutes 
after oral ingestion, reaching maximal effect after 2 to 3 
hours and may last 4 to 12 hours.54 Absorption of the can-
nabinoids can be increased with coingestion of a fatty meal. 

PHARMACODYNAMICS
The location of the cannabinoid receptors and their respec-
tive interactions with these ligands is a field of extensive 
study. CB1 receptors are located mainly in the CNS at nerve 
terminals where they mediate inhibition of transmitter 
release.17,47,52 In the brain, they are located in the cerebral 
cortex, hippocampus, caudate-putamen, substantia nigra, 
pars reticulata, cerebellum, the mesolimbic system, as well 
as the brainstem and spinal cord.17,50 The CB2 receptor is 
found mainly on immune cells including microglia, mono-
cytes, macrophages, and B and T lymphocytes where they 
modulate cytokine release.17,47,50 Both CB1 and CB2 recep-
tors are coupled through G proteins, negatively to adenyl-
ate cyclase (inhibiting the production of cyclic adenosine 
monophosphate [AMP]), and positively to mitogen active 
protein kinase (MAPK).17,50 Additionally, CB1 is coupled 
positively to inwardly rectifying and A-type outward potas-
sium channels, and negatively to N-type and P/Q-type cal-
cium channels.17,50 Within the spinal cord, CB1 receptors 
have been localized to multiple areas involved in nocicep-
tive processing including the superficial dorsal horn, dor-
solateral funiculus, and lamina X.52 The activation of CB1 
receptors in central nociceptive processing regions and pri-
mary afferents inhibits the release of neurotransmitters via 
decreased calcium conductance and increasing potassium 

conductance, which forms the anatomical basis for the 
analgesic action of cannabinoid agonists (see Fig. 56.2).50 
Additionally, there are CB1 receptors located in periph-
eral tissues in adipocytes, liver, lung, reproductive organs, 
smooth muscle, gastrointestinal tract, immune system, and 
peripheral sensory nerves.48

CB2 receptors play a role in mediating analgesia through 
reducing inflammation in the periphery. The CB2 recep-
tors are found in the spleen, tonsils, thymus, and other 
tissues responsible for immune cell production and regu-
lation. Activation of CB2 receptors down-modulates mast 
cell function with evidence that it can trigger microglial 
cell migration and regulate cytokine release.17,52 The effect 
of CB2 on mast cells may play a role in modulating nerve 
growth factor (NGF)–driven sensitization of nerve termi-
nals during inflammation, which has been implicated in the 
development of inflammatory hyperalgesia.52 There is also 
evidence that CB2 receptors are located on and play a role 
in nociceptive regulation of primary sensory neurons.48

Emerging research suggests that there might be a 
third cannabinoid receptor. One possible candidate is the 
orphan receptor GPR55, based on its sequence homology 
to CB1 and CB2.57 This GPCR expressed in the puta-
men and caudate nucleus responds to cannabinoid ligands 
particularly the endogenous lysophosphatidylinositol.58 
Further research is likely to yield more cannabinoid and 
cannabinoid-like receptors and ligands as advanced genetic 
and pharmacological technologies emerge.

Historically, the study of cannabinoids has focused 
mainly on THC. Recently, there has been an interest 
in coadministration of CBD and THC due to evolving 
research highlighting CBD’s neuroprotective and medici-
nal effects. CBD as a sole agent does not produce any of the 
psychoactive effects associated with THC, and has a multi-
tude of analgesic, anxiolytic, antiepileptic, antinausea, and 
antipsychotic actions.59 Moreover, it is thought to antago-
nize many of THC’s psychotropic and other adverse reac-
tions; however, the associated mechanism remains unclear. 
This effect of CBD has been shown in a few animal and 
human studies where it attenuated some of the anxiety, 
paranoia, mental slowing, and tachycardic effects pro-
duced by THC.3,30,60 Findings like these have supported 
the surge in low-THC/high-CBD cannabis products that 
might have more targeted roles for pain and inflammation 
without some of the adverse psychomimetic features. Even 
more recently, there has been a shift in drug development 
to focus on peripheral cannabinoid targets, thereby elimi-
nating the central psychotropic effects completely.61 

CANNABINOIDS AS ANALGESICS
There are a limited number of randomized, controlled, 
clinical trials (RCTs) involving cannabinoids for the treat-
ment of pain. Stimulated by the burden of chronic pain 
globally, and the need to find safer, nonopioid therapeutic 
targets, the number of studies has been rising. Compli-
cating this area of research, however, are complex federal 
regulatory issues due to the Schedule I status of cannabi-
noids, and the lack of standards for cannabinoid form and 
administration across various studies. The studies differ in 
the type of cannabinoid (plant, extract, synthetic), route of 
administration (inhalation, ingestion, mucosal absorption), 
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and dosing that create unique challenges in interpretation. 
All of the current studies have focused on THC. There are 
no studies focusing on CBD, although there is increasing 
interest given its lack of psychoactive properties. To date, 
all studies that used cannabis supplied by the National 
Institutes of Health (NIH) had CBD levels of less than 1%. 
A summary of select RCTs across several pain conditions is 
highlighted in Table 56.1.

EXPERIMENTAL HUMAN PAIN STUDIES
Studies using experimental human pain models in healthy 
volunteers are limited and have produced mixed results. 
Several have shown that cannabis increases the pain 
threshold suggesting an analgesic effect. Other studies 
have found either no effect on pain thresholds or a low-
ering of the pain threshold.63–68 In one trial of smoked 
cannabis on capsaicin-induced pain and hyperalgesia, can-
nabis cigarettes with 2% THC produced no effect on pain, 
4% THC significantly decreased pain, and 8% THC sig-
nificantly increased pain compared to placebo.62 Another 
study found that 4% THC had a significant effect on both 
neuropathic pain and experimental capsaicin-induced pain 
in HIV patients.80 CBD levels used in both of these studies 
were <1%. These studies suggest that there may be a ther-
apeutic window for analgesia from cannabis. Another study 
of cannabis extracts found a hyperalgesic effect in human 
experimental models of acute pain.90 

CLINICAL PAIN STUDIES
A recent meta-analysis of cannabinoids in noncancer pain 
found that 22 of 29 high-quality RCTs demonstrated 
modest analgesic effect with minimal side effects.91,92 
Their summary of the evidence for various pain indica-
tions showed relatively solid evidence for MS pain and 
spasticity. Modest efficacy has been reported for certain 
cannabinoid drugs in other neuropathic pain states and for 
cancer-related pain. Mixed or limited evidence exists for 
acute pain, inflammatory, and nociceptive pain states. 

ACUTE PAIN
Studies conducted in the postoperative setting and in healthy 
human volunteers suggest that cannabinoids are least effec-
tive in acute pain. In fact, in some cases, their administration 
was associated with increased pain. Potential limitations to 
these studies include small sample sizes and possibly inad-
equate dosing. One multicenter dose escalation study in 30 
postoperative patients showed a dose-dependent reduction 
in pain with administration of the cannabis-based medi-
cal extract, Cannador.69 Contrarily, two studies with the 
synthetic cannabinoids, dronabinol and nabilone, failed to 
show any effect on postoperative pain.70,71 

CHRONIC NONNEUROPATHIC PAIN
A handful of studies have evaluated cannabinoids for noci-
ceptive, musculoskeletal, or inflammatory pain states. One 
study of dronabinol in mixed etiology chronic noncancer 
pain found that single daily doses of 10 and 20 mg resulted 
in a dose-dependent decrease in pain.74 Nabiximols has 

been compared to placebo in patients with chronic pain 
due to rheumatoid arthritis. The nabiximols group experi-
enced significant reduction in pain with movement and at 
rest, and improved quality of sleep compared to placebo. 
However, nabiximols did not decrease morning stiffness.75 

CHRONIC NEUROPATHIC PAIN
Cannabinoids have shown the most promise in the treat-
ment of chronic neuropathic pain. The majority of studies 
of cannabinoids for neuropathic pain states have been for 
MS pain and spasticity. However, there are several studies 
in other types of neuropathic pain. A meta-analysis of can-
nabinoid medications, including nabiximols, dronabinol, 
and cannabidiol studied for MS-related and neuropathic 
pain, found significant evidence of analgesic efficacy.93

Nabiximols (Sativex) has been evaluated in studies with 
various types of neuropathic pain. In a three-arm study, 
nabiximols and Δ 9-THC were compared to placebo in 
patients with pain from brachial plexus injury. Both nabixi-
mols and Δ 9-THC produced significant improvements in 
pain as well as quality of sleep.94 In unilateral neuropathy 
patients, nabiximols reduced pain, improved mechanical 
and punctate allodynia, and improved sleep disturbances.81

Two studies have evaluated the effects of inhaled can-
nabis for HIV-associated peripheral neuropathy.25,80 Both 
found a significant effect in pain reduction compared to 
placebo. In studies of mixed etiology neuropathic pain, 
higher-dose smoked cannabis (7% to 9.4%) resulted 
in analgesia when compared to placebo or low doses of 
smoked cannabis.79,95 A recent study was published eval-
uating inhaled cannabis on painful diabetic neuropathy. 
There was a dose-dependent reduction in pain with the 
highest dose being most effective. Although there were 
minimal effects of neurocognitive functioning, there was a 
dose-dependent increase in euphoria.77

Patients with MS have both neuropathic pain and pain-
ful spasticity. Both of these symptoms have been targets 
of cannabinoid therapy studies. A study of patients with 
MS-related neuropathic pain found a significant improve-
ment in pain and pain-related sleep disturbance with 
nabiximols.35 A three-arm trial with 630 MS patients com-
paring either oral Δ 9-THC, or a cannabis extract (Can-
nador) containing both THC and CBD versus placebo, 
found subjective improvement in spasticity and pain for 
both cannabinoid compounds compared to placebo, but no 
objective improvement in spasticity on the Ashworth Spas-
ticity Scale. A 1-year continuation study found both THC 
and THC + CBD improved objective spasticity on the 
Ashworth scale at 1 year compared to baseline.96 A multi-
center trial of 160 patients with MS compared nabiximols 
to placebo and found a decrease in pain intensity but not 
spasticity.97 Smoked marijuana studies in MS-related pain 
and spasticity have been small and have produced mixed 
results.56,98 A summary of selected published cannabinoid 
studies is presented in Table 56.1.

The Canadian Pain Society’s consensus statement 
regarding the treatment of neuropathic pain lists cannabi-
noids as a recommended third-line analgesic ahead of selec-
tive serotonin reuptake inhibitors (SSRIs), methadone, 
and topical lidocaine. Additionally, a systematic review 
by the American Academy of Neurology’s guidelines 
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TABLE 56.1 Summary of Select Published Cannabinoid Studies on Pain

Pain Model Drug (Route) Outcome Side Effects Author, Year

Healthy volunteers Cannabis (smoked) No effect (low dose)
Decreased pain (moderate dose)
Increased pain (high dose)

Mild Wallace et al., 200762

Healthy volunteers THC (oral) No effect Mild Naef et al., 200363

Healthy volunteers Cannabis (smoked) Decreased pain Mild Greenwald and Stitzer, 
200064

Healthy volunteers Cannabis (smoked) Decreased pain Mild Greenwald and Stitzer, 
200064

Healthy volunteers Cannabis (smoked) Decreased pain Mild Milstein et al., 197565

Healthy volunteers Cannabis (smoked) Increased pain Clark et al., 198166

Healthy volunteers Cannabis (smoked) Increased pain Hill et al., 197467

Healthy volunteers THC (oral) No effect Mild Zeidenberg et al., 197368

Acute pain Cannador (oral) Decreased pain (dose dependent) Mild Holdcroft et al., 200669

Acute pain THC analogue (oral) Increased pain Mild Beaulieu, 200670

Acute pain THC (oral) No effect Mild Buggy et al., 200371

Acute pain Levonantradol (IM) Decreased pain Mild Jain et al., 198172

Acute pain THC (IV) Decreased pain (low dose)
Increased pain (high dose)

Moderate Raft et al., 197773

Chronic pain Nabiximols (SL spray) Decreased pain Mild Narang et al., 200874

Chronic pain THC/cannabidiol (SL spray) Decreased pain Mild Blake, 200675

Chronic pain THC (SL spray) Decreased pain Mild Notcutt et al., 200476

Chronic pain THC/cannabidiol (SL spray) Decreased pain Mild Notcutt et al., 200476

Chronic pain Cannabidiol (SL spray) No effect Mild Notcutt et al., 200476

Neuropathic pain Cannabis (smoked) Decreased pain (dose dependent) Mild Wallace et al., 201577

Neuropathic pain Nabixomols (SL spray) Decreased pain Mild Serpell et al., 201478

Neuropathic pain Cannabis (smoked) Decreased pain (high dose) Mild Ware et al., 201079

Neuropathic pain Cannabis (smoked) Decreased pain (high dose) 2 cases of toxic psychosis Ellis et al., 200925

Neuropathic pain Cannabis (smoked) Decreased pain (high dose) Mild Wilsey et al., 200831

Neuropathic pain Cannabis (smoked) Decreased pain Mild Abrams et al., 200780

Neuropathic pain Nabiximols (SL spray) Decreased pain Mild Nurmikko et al., 200781

Neuropathic pain Nabiximols (SL spray) Decreased pain Mild Rog et al., 200535

Neuropathic pain Nabiximols (SL spray) Decreased pain Mild Berman et al., 200482

Neuropathic pain Synthetic analog of THC 
(oral)

Decreased pain Mild Karst et al., 200383

Neuropathic pain Cannador (oral) Decreased pain Mild Zajicek et al., 2003,84 
200540

Neuropathic pain Nabiximols (SL spray) Decreased pain Mild Wade et al., 200385

Cancer pain Nabixomols (SL spray) Decreased pain (low and middle 
dose)

No effect (high dose)

Mild Portenoy et al., 201238

Cancer pain Nabixomols (SL spray) + 
THC extract

Decreased pain (nabiximols)
Increased pain (THC extract)

Mild Johnson et al., 201086

Cancer pain Benzopyranoperidine (oral) Increased pain Yes (similar to codeine) Jochimsen et al., 197887

Cancer pain Benzopyranoperidine (oral) Decreased pain Yes (similar to codeine) Staquet et al., 197888

Cancer pain THC (oral) Decreased pain Yes Noyes et al., 197589

IM, Intramuscular; IV, intravenous; SL, sublingual; THC, tetrahydro-cannabinol.
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subcommittee found that oral cannabis extract and smoked 
marijuana were effective for reducing patient-reported 
symptoms of spasticity, and that nabiximols were effective 
at both patient-reported spasticity and objective measures 
of spasticity.98 For the treatment of MS-related pain, the 
same review found oral cannabis extracts effective, and 
both nabiximols and dronabinol probably effective.97 

CANCER PAIN
Cannabinoid products have a longer history of use in 
the cancer population as an adjuvant for chemotherapy-
induced nausea and vomiting. For pain, several early stud-
ies of oral dronabinol showed it to be effective for cancer 
pain at higher doses (15 to 20 mg) with efficacy similar to 
codeine (60 to 120 mg), but with more significant adverse 
effects than codeine.89

In the advanced cancer pain population, nabiximols 
(THC/CBD sublingual spray) has been studied with mixed 
results. Initially, there were positive phase II studies show-
ing efficacy of nabiximols as adjuvant therapy with opioids 
for intractable cancer pain when compared to placebo.38,86 
Specifically, the trials showed greater than 30% pain 
reduction, but with higher doses being viewed unfavor-
ably by patients due to side effects. However, more recent 
phase III studies have been reported to be negative, show-
ing no significant differences when compared to placebo.39 
Another synthetic THC compound, benzopyranoperidine, 
showed positive results over placebo, but sedation was a 
common side effect.88 A study on the same compound in 
cancer pain showed no benefit over placebo.87 

RISKS AND SIDE EFFECTS OF CANNABINOIDS
As with any potential therapy, cannabinoids carry risks 
and adverse effects. The most common cannabinoid side 
effects include sedation, dizziness, dry mouth, and dyspho-
ria. Other significant side effects include cognitive impair-
ment, anxiety, and psychosis. It is important to note that 
most of the published side effects of cannabis and cannabi-
noids come from the study of their recreational use.

Use of cannabis can produce perceptual alterations, 
including euphoria, in addition to other cognitive and 
psychomotor changes. These tend to last for a few hours 
depending on the type and method of administration 
(inhaled, ingested, topical). Physiologic changes include 
decreased body temperature, muscle relaxation, conjuncti-
val injection, hyposalivation/dry mouth, tachycardia, vaso-
dilation, orthostatic hypotension, and bronchodilation. 
Acutely, there is also impairment in attention, balance, 
cognition, memory, judgment, and sense of time.21,54,98 
Less commonly, cannabis can induce unpleasant effects 
including anxiety, panic, and paranoia.21,98 In rare cases, 
cannabis use may lead to acute psychosis involving delu-
sions and hallucinations. There is an association between 
heavy cannabis use in adolescence and the development of 
schizophrenia, as well as an association between cannabis 
use and worsening symptoms in schizophrenia.54,99 Strains 
of cannabis with higher CBD content may be associated 
with a lower risk of adverse psychiatric effects. Contrary 
to popular belief, cannabis does carry a risk of dependence, 
approximately 9%, but this is significantly lower than 

the greater than 20% and 60% for alcohol and tobacco, 
respectively.100

There are no documented deaths from cannabis or can-
nabinoid-based products.54 In a systemic review of stud-
ies of oral and oral-mucosal cannabis for various medical 
conditions, the majority of adverse events reports were 
considered nonserious (96.6%).101 The nonserious adverse 
events were significantly more common in the cannabi-
noid groups compared to placebo, with the most common 
events being nervous system disorders, such as dizziness 
and anxiety. The number of serious adverse events was not 
significantly different than in control groups and involved 
vomiting, urinary tract infections, respiratory infections, 
and a relapse of MS.101 A more recent prospective cohort 
trial in noncancer chronic pain showed no statistical dif-
ference in serious adverse events between the cannabis and 
noncannabis group.102 There was, however, an increased 
risk of nonserious side effects in the cannabis group.

Risk of cannabinoid exposure varies widely across ages. 
Prenatal exposure to cannabinoids is associated with per-
sistent neurodevelopmental differences in neonates and 
children.103 Thus, cannabis should not be used in preg-
nancy. In adolescence, there are several studies that show 
early age use leads to persistent cognitive deficits and 
reduced educational achievement. Adolescent users who 
started before age 18 tended to become more persistent 
users. After comparing adolescent and adult-onset users 
with the total number of cannabis-dependence diagnoses, 
adolescent-onset users showed greater IQ decline.99,104,105 
Adult-onset cannabis users did not appear to experience IQ 
decline as a function of persistence of cannabis use. Thus 
in adolescence, though the studies are mixed, the overall 
trend suggests that cannabis may have a significant and 
permanent impact on neurocognition compared to those 
who begin use in adulthood.106 Therefore, an extensive 
risk/benefit analysis should be undertaken prior to initi-
ating cannabinoids in any person younger than 18 years 
old. In the adult population, a review of 40 articles on the 
use of cannabis found no consistent evidence for persisting 
neuropsychological deficits. However, half of the studies 
reported at least some subtle impairment. Another review 
of 11 articles covering 623 cannabis users and 409 nonusers 
or minimal users concluded that there might be decrements 
in the ability to learn and remember new information, 
whereas other cognitive abilities are unaffected.98,107

Cannabis can induce changes in the cardiopulmonary 
system. There is evidence of mild tachycardia and ortho-
static hypotension, more clinically significant in the elderly 
due to an increased risk of falls.108 In chronic heavy smok-
ers of marijuana, there is evidence of an increased risk of 
bronchitis and other respiratory disorders.109,110 There is 
conflicting evidence on long-term pulmonary function. 
A longitudinal study of 972 tobacco and marijuana smok-
ers found increased forced vital capacity (FVC), total lung 
capacity (TLC), and functional residual capacity (FRC) 
independent of the effects of tobacco use.111 Other studies 
have failed to find similar associations. A review of 34 arti-
cles on cannabis smoking and pulmonary function found 
no association between long-term use and airflow obstruc-
tion; however, it did find increased chronic cough, sputum 
production, and wheezing.112 In a study of cannabis-only 
smokers compared to tobacco-only smokers, the effect on 
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forced expiratory volume (FEV)-1 of one cannabis ciga-
rette was found to be 2.5 to 5 times as pronounced as one 
tobacco cigarette.113 This may be, in part, because each 
inhalation of a cannabis cigarette is typically two-thirds 
larger, inhaled one-third deeper, and held 4 times longer. 
Additionally, cannabis cigarettes were found to be 50% 
higher in tar.114 Cannabis smoke contains many of the 
same chemicals and carcinogens as tobacco smoke, includ-
ing benzene, acetone, and ammonia.115 Epidemiologic 
studies have not consistently found an increased risk of 
lung cancer in chronic marijuana smokers when controlled 
for concurrent use of tobacco.99,110 However, some studies 
have found an increased risk of head and neck cancers in 
chronic marijuana users.99,110

Cannabis withdrawal syndrome has been demonstrated 
in frequent, heavy users. The syndrome is characterized 
by increased anxiety, restlessness, anger and aggression, 
and irritability, with decreased appetite, weight loss, sleep-
lessness, depressed mood, and stomach pains.98,116 These 
symptoms may emerge 2 days after cessation of use and 
remit in 1 to 2 weeks.117 Unlike the withdrawal syndromes 
associated with opioids, alcohol, and benzodiazepines, can-
nabis withdrawal lacks serious physiological symptoms or 
effects.116 

REGULATORY, PROFESSIONAL, AND LEGAL 
CONSIDERATIONS
REGULATIONS FOR CLINICAL USE
Possession and use of cannabis remains illegal under fed-
eral law. Since 1970, cannabis has been listed by the DEA 
as a Schedule I drug with “high potential for abuse,” “no 
currently accepted medical use,” and “lack of accept-
able safety for use under medical supervision.” This is in 
direct contrast to its legal status within many US states for 
medicinal and recreational use. This has created confusion 
for many providers and patients.

The FDA has approved two cannabis-based medica-
tions: dronabinol and nabilone. It is the FDA’s responsibil-
ity to ensure that pharmaceutical products are efficacious, 
safe, and produced under good manufacturing practices to 
ensure high quality. Neither the FDA nor any other fed-
eral regulatory agency currently oversees or regulates the 
production and distribution of cannabis or the myriad can-
nabis-based products sold in medical marijuana dispensa-
ries. Moreover, there is no national oversight, and limited 
state regulation of the labeling, concentration, dosing, or 
purity of cannabis and cannabis-based products. Thus, it 
is often left up to the growers, processors, and distributors 
of medical cannabis, in states where it has been legalized, 
to self-regulate. This is in contrast to the Netherlands, 
Canada, and Israel who have successful federally regulated 
cultivation, production, and distribution of medical mari-
juana. Lastly, neither cannabis nor any of these products 
have undergone the large-scale clinical trials necessary for 
showing clear efficacy for a particular indication.

Efforts are emerging to provide better oversight of herbal 
marijuana processing and distribution. Oregon recently 
passed a bill that designates the Oregon Liquor Commission 
to work with the Department of Agriculture and the Depart-
ment of Health to oversee the growth, processing, and 

distribution of marijuana into the marketplace. In addition, 
laboratories that assay the leaf for cannabinoid concentra-
tions and contaminants are proliferating across the country. 
These laboratories, however, are currently not under any 
regulatory oversight and testing fees are often paid by the 
growers themselves; thus, the accuracy of their results may 
be questionable.

Marijuana laws vary widely among those states that have 
passed some form of legalization (Fig. 56.3), and the clini-
cian must be familiar with the state in which they prac-
tice. These state laws vary on (1) which medical conditions 
marijuana can be used for, (2) the type of medical mari-
juana (any form vs. CBD only), (3) how physicians are cer-
tified, (4) physician responsibilities when recommending 
marijuana, (5) how much marijuana or number of cannabis 
plants a patient can possess for medicinal use, (6) the legal-
ity of possession by designated caregivers, and (7) rules 
governing the dispensaries. Since marijuana is not FDA 
approved, no state requires a physician to write a prescrip-
tion. In 2009, Attorney General Eric Holder stated: “It 
will not be a priority to use federal resources to prosecute 
patients with serious illnesses or their caregivers who are 
complying with state laws on medical marijuana.”118 There 
has been a push by the American Medical Association 
(AMA) to enact federal legislation protecting physicians 
who prescribe cannabis. Since it is not an FDA-approved 
medication, there are no third-party payers or insurance 
companies that provide coverage for medical marijuana. 
Most hospitals will prohibit patients from using any form 
of cannabinoid, including edibles, tinctures, and extracts 
while an inpatient. Allowing patients to use a Schedule I 
substance would potentially jeopardize a hospital pharma-
cy’s DEA license.

Some states provide guidelines for recommending 
medicinal cannabis. In the absence of guidelines, clinicians 
who choose to recommend cannabis should manage their 
patients in accordance with good medical practice. This 

Legalized recreational cannabis
Medical marijuana and decriminalized possession
Medical marijuana
Medical marijuana (non-psychoactive)
Decriminalized possession
Total prohibition

FIG. 56.3 Map of United States Cannabis Laws (2015). This con-
stantly evolving map highlights the varied legal landscape across US 
states ranging from legalized recreational cannabis to total prohibition.
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involves becoming familiar with the safety and efficacy of 
medical cannabis, and counseling patients on their respon-
sibilities and on the side effects. Patients should then be 
monitored to assess the clinical effects, adverse effects, and 
impact on function and quality of life. Appropriate docu-
mentation in the patient’s medical record should be made. 

REGULATIONS FOR CLINICAL RESEARCH
As marijuana is subject to control under Schedule I of the 
CSA conducting clinical research remains quite challeng-
ing. While the federal government currently appears to 
be forgoing enforcement against patients who may obtain 
marijuana for medicinal purposes from state dispensaries, 
research with marijuana is heavily regulated. Marijuana 
research oversight involves multiple agencies including 
the DEA,119 the Department of Health and Human Ser-
vices (DHHS), the FDA, and the National Institute of 
Drug Abuse (NIDA). Obtaining a Schedule I DEA license 
is required in order to conduct marijuana research. This 
license requires a much more intensive application pro-
cess than is necessary for obtaining a regular Schedule II 
license. First, the proposed research must be submitted for 
review by the Office of Public Health and Science (an inter-
agency review panel within the DHHS). After approval, an 
Investigational New Drug (IND) application must be filed 
with the FDA. After IND approval, the study is submitted 
for further review by NIDA and the DEA. Simultaneous 
approval must be obtained from the local DEA office. The 
local DEA will inspect the location of the proposed study 
and the researchers’ practices for storage, safeguarding, 
and dispensing of marijuana, which have more stringent 
requirements than for other investigational drugs. Some 
states have additional review and approval (i.e., California 
requires all research with Schedule I or II controlled sub-
stances to undergo review by the Research Advisory Panel 
of California, a branch of the Office of the Attorney Gen-
eral in the California State Department of Justice).

Since 1968, the University of Mississippi has been the 
sole supplier of cannabis for research in the United States 
through a contract with NIDA. The agency has made can-
nabis available with different concentrations of THC, with 
a placebo leaf and with CBD levels typically being very low 
(<1%). CBD oil for use in research is actively being pursued. 

CANNABINOIDS IN THE PAIN CLINIC
Given medical cannabis’ illegality under federal law and its 
quasi-legal status in 23 US states, there are many concerns 
by providers and patients. Some providers will decide not to 
recommend cannabinoids due to legality issues under federal 
law. Others will decline to recommend it due to concerns 
about lack of clear efficacy data, side effects, and the unregu-
lated and unpredictable nature of marijuana production and 
distribution. Alternatively, some providers will recommend 
its use for certain patients due to its long safety record and 
emerging, albeit modest, evidence for various pain conditions.

As with many therapies, the most challenging issue is 
appropriate patient selection. Determining an appropriate 
patient for medical cannabis use requires a thorough pain 
and social history, physical exam, and clear pain diagnosis 
with extensive evaluation of risk factors that might place 

the patient at higher risk for cannabinoid therapy. A syn-
thesis of clinical guidelines on medical cannabis is detailed 
in Table 56.2. These cover such areas as patient evaluation 
and selection, where to send patients to obtain the drug 
and in what form they should administer it, monitoring 
and coadministration of other controlled substances, and 
what disclosures are necessary regarding the potential risks 
of medical marijuana.

PATIENT SELECTION
There are no published guidelines for risk stratification 
or patient selection for medical marijuana use. Nabilone 
(DEA Schedule II) and dronabinol (DEA Schedule III) 
have some abuse potential, as does cannabis itself. Evalua-
tion of a patient’s risk for substance abuse should be a part 
of the patient selection process. Although there are widely 
used tools for opioid risk evaluation, such as the Opioid 
Risk Tool (ORT) or the Screener and Opioid Assessment 
for Patients with Pain (SOAPP-R), these have not been 
studied specifically for marijuana abuse risk. Regardless, 
they may be a good starting point. Those patients who 
have failed first- and second-line therapies, especially for 

TABLE 56.2 Recommendations for Pain Practitioners to 
Consider Prior to Initiating Cannabinoids

Be aware of United States federal law (Schedule I, illegal as of 2015) 
and your state law (see Fig. 56.3)

Conduct a comprehensive history, and a physical examination, estab-
lishing a pain diagnosis

Does the patient have any medical risk factors that would exclude them 
from medicinal cannabinoids? (Active substance abuse, psychotic 
disorder, unstable/serious mood disorder, active cardiac conditions.)

What is the patient’s level of interest in medicinal cannabinoids?

Conduct thorough informed consent (risks vs. benefits) based on the 
patient’s pain condition, symptoms, comorbidities. Explain the 
level of evidence for their type of pain

Refer to a medical marijuana specialist for advice on cannabis strains 
(high CBD, low THC), route of administration, titration. (Rec-
ognizing the lack of regulatory oversight and herbal uniformity.)

Conduct regular monitoring as with any controlled substance:
	•	 	Timely	intervals
	•	 	Assess	control	of	targeted	symptoms,	functional	status,	pattern	of	

use of cannabis of other substances, and medications
	•	 	Obtain	periodic	urine	drug	screens	for	objective	information	on	

substance use

Continue or discontinue based on observed outcomes:
	•	 	Continue	authorization	if	goals	of	treatment	are	met	with	little	

harm/risk
	•	 	Discontinue	if	not	helpful	in	moving	towards	goals	or	if	major	

intolerance or unsafe medication or substance use

Intervene through counseling or referral if harmful use or declining 
function is apparent

Renew or recommend authorization/certification, or not, based on 
observed outcomes:

	•	 	Continuation	if	goals	of	treatment	being	met	without	harm
	•	 	Discontinuation	if	not	helpful	in	moving	towards	goals	or	if	

there is unsafe medication or substance use

CBD, Cannabidiol; THC, tetrahydro-cannabinol.
Modified from California Medical Board guideline “Marijuana for Medical Purposes.” http://
www.mbc.ca.gov/Licensees/Prescribing/Medical_Marijuana.aspx and Savage SR, Romero-
Sandoval A, Schatman M, et al: Cannabis in pain treatment: clinical and research considera-
tions. J Pain 17(6):654–668, 2016.
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cancer-related or neuropathic pain, may be the most likely 
candidates. Those patients with a history of serious mental 
illness, such as schizophrenia or bipolar disorder, are not 
acceptable candidates.120 The tachycardia and blood pres-
sure fluctuations that may occur limit the acceptability of 
cannabis therapy for the elderly and those with substantial 
coronary artery disease.

The drugs dronabinol and nabiximols have been evalu-
ated for abuse potential in various studies. Clinical use of 
dronabinol has not been shown to be associated with sig-
nificant diversion, drug-seeking, or street value. In stud-
ies with recreational marijuana users, both dronabinol 
and nabiximols were found to have some abuse potential 
although nabiximols was significantly lower than dronabi-
nol. While dronabinol is known to have significant psy-
choactive effects, it has been found less desirable than 
marijuana by regular users due to the higher incidence 
of dysphoria, the slower onset, and the less flexible titra-
tion of effect. Nabiximols has been found to have signifi-
cantly lower euphoria or psychoactive effects compared to 
dronabinol.121 

DISPENSARIES AND ROUTES OF 
ADMINISTRATION
It is important that practitioners understand the laws 
regarding medical marijuana within the state in which they 
practice (noting it is still considered an illegal substance 
by the federal government). Moreover, clinicians should 
understand that their role in recommending cannabis also 
varies by state. Some states require a trial of cannabis prior 
to long-term initiation; others require a physician to cer-
tify a patient with a diagnosis prior to the patient register-
ing for medical use. Even more, states may differ in their 
requirements for risk/benefit discussions, follow-up, and 
recertification after the initiation of therapy. States also 
place limits on the amount of medical cannabis a patient 
may possess, the amount that can be grown by a patient, 
and the amount that may be sold by dispensaries, as well as 
imposing restrictions on the availability and packaging of 
certain forms, like edibles.

In California, as with most states with legalized medi-
cal marijuana, any physician can recommend the use of 
marijuana to a patient for the treatment of a medical 
condition. Provision of a letter to the patient verifying 
this recommendation provides some protections against 
state and local prosecution for the possession and use of 
marijuana up to the statutorily prescribed state quantity 
limits. Such a letter provides no protection against pros-
ecution by federal authorities. In California, patients may 
take this letter along with proof of identification to their 
county’s program office to obtain a Medical Marijuana 
Identification Card (MMIC). Subsequently, a patient may 
possess and obtain medical marijuana for their medical 
condition.

Each US state differs in its specific medicinal marijuana 
program, highlighting in detail (often through websites) 
its requirements for patients prior to their usage. Obtain-
ing a state-issued ID card is optional in several states, but 
is required in some other states. The registration of an 
ID card places the patient’s name in a database accessible 
by marijuana dispensaries and law enforcement to aid 

in identifying those with the required physician recom-
mendations. Medical marijuana dispensaries (in the 23 
legalized medicinal cannabis states) sell the drug in vari-
ous forms. These may include the dried buds of the plant 
for smoking or vaporizing, oils and tinctures that can 
be ingested, creams or solutions for topical application, 
and prepared cookies and other edible products made 
with marijuana infused oils and fats. Some of the pulmo-
nary adverse effects may be attenuated with the use of a 
vaporizer device instead of smoking.120 The potency of 
marijuana products available in dispensaries will vary con-
siderably. In most locations there will be labeling of THC 
or CBD content, but without any independent testing of 
such content. A reputable and knowledgeable dispensary 
may provide some assistance in educating patients and 
directing them to lower THC and higher CBD content 
products than those cultivated primarily for recreational 
purposes. In 15 of the 23 states with medical marijuana 
laws, patients or their caregivers may cultivate their own 
marijuana at home with some limits on the number of 
plants per patient. The quantity of marijuana an individ-
ual patient may possess varies among the 23 states from 1 
ounce up to 24 ounces.

Currently, no insurance companies cover medical 
cannabis; thus it remains an out-of-pocket expense for 
patients. Prices range depending on cannabis strain, 
potency, type (buds, tinctures, oils, drinks, and edibles), 
organic/nonorganic, and location in which it is sold. Can-
nabis, particularly the bud of the plant, which is smoked 
or vaporized, is typically sold in grams (∼$5 to $20 per 
gram). Concentrates (oils, waxes) may be more expensive, 
averaging ∼$20 to $60 per gram. The cost and potency 
of edibles and tinctures will also vary widely. A simple 
internet search reveals multiple websites with extensive 
information on the locations of legal dispensaries, as well 
as the cost and advertised cannabinoid concentrations of 
their cannabis products.122 Given the lack of insurance 
coverage for these products, cost may be a significant 
obstacle for some patients. 

COMBINING MEDICAL MARIJUANA WITH 
OPIOIDS
Studies in healthy adults have shown an additive or syn-
ergistic effect with cannabinoids and opioids in combina-
tion.56 In cancer-related pain, nabiximols was studied as 
add-on therapy along with opioids. However, the combi-
nation of different controlled substances with addictive and 
psychomimetic effects should be considered with caution. 
No clear guidelines yet exist regarding the coadministra-
tion of opioids and cannabinoids. Cannabis use in patients 
on chronic opioids has been associated with future aber-
rant opioid-related behaviors.120 At minimum, clinicians 
should exercise careful evaluation of patients’ substance 
abuse risk. There should also be ongoing monitoring for 
aberrant drug-seeking behaviors, positive analgesic and 
functional effects, and appropriate use of only the pre-
scribed or recommended drugs via urine drug screening. 
Some have advocated the use of a medicinal cannabis 
agreement, analogous to opioid agreements, which outline 
the various risks and expected responsibilities and behav-
iors of patients on this therapy.120 
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MEDICAL MARIJUANA RISK DISCLOSURES
There are several risks associated with the possession and 
use of medical marijuana, which should be part of any 
patient disclosure prior to recommending the drug. First 
is the legal risk for possessing and using a controlled sub-
stance that is still categorized as Schedule I by the DEA. 
Accidental pediatric exposures have increased, along with 
the spread of medical marijuana laws.21 Cannabis-contain-
ing foods and drinks carry a particular risk for pediatric 
exposures and patients should be warned to keep cannabis-
containing products out of reach of children. While likely 
lower risk for addiction than opioids or alcohol, there 
remains a dependence, addiction, and withdrawal risk, 
which should be discussed with patients.107 The pulmo-
nary and cancer risks of smoking cannabis remain unclear; 
however, some discussion of potential pulmonary compli-
cations is important.56 Cannabis use impairs the ability to 
operate a vehicle, and this impairment is exacerbated when 
combined with alcohol. Patients should be cautioned not 
to drive while using cannabis or cannabinoid medications, 
especially those containing THC.107 

CONCLUSION
A rapidly shifting legislative landscape and accumulating, 
yet limited, data from clinical trials has renewed interest 
in the role of cannabinoids in pain management. Though 
the evidence for efficacy is modest, this may change with 
increasing research studies looking at various cannabinoid 
combinations and delivery systems. However, there are 
significant legal issues, which add complexity to recom-
mending cannabinoids as a therapy for pain. Regardless, 
pain physicians are increasingly being asked about can-
nabinoids in their practice, whether or not they choose 
to recommend medical cannabis or prescribe canna-
bis-derived pharmaceuticals. This makes it imperative 
for pain physicians to understand the evidence for and 
against cannabinoids, and to stay informed regarding the 
constantly changing legislative environment. Those who 
choose to recommend cannabis use should employ careful 
patient selection and informed consent prior to initiating 
therapy, and engage in appropriate monitoring to ensure 
that benefits outweigh the associated risks of cannabinoid 
therapy. 

KEY POINTS
	l	  Cannabinoids are a diverse group of herbal, endog-

enous, and synthetic compounds that bind to specific 
inhibitory receptors in the body.

	l	  Cannabis, an herbal cannabinoid, has an extensive 
medicinal, industrial, and recreational history with 
humans dating back at least 5000 years.

	l	  Secondary to its federal classification in the United 
States as a Schedule I drug (illegal without acceptable 
medical use), cannabis continues to elicit many legal 
and regulatory issues for practitioners, scientists, and 
patients interested in its medicinal use. This legislative 
landscape is constantly evolving as multiple US states 
loosen their restrictions.

	l	  Cannabinoids can be divided into three types: phytocan-
nabinoids (compounds derived from cannabis), synthet-
ics (manufactured compounds), and endocannabinoids 
(compounds produced by the body, which interact with 
cannabinoid receptors).

	l	  The cannabis plant contains over 400 chemical com-
pounds, of which at least 80 are cannabinoids. The 
most well-known compound is Δ 9-THC known for its 
primarily psychoactive properties. CBD, another can-
nabinoid, has stronger analgesic properties with limited 
psychoactive features representing a potential therapy 
in pain management.

	l	  A review of clinical trials in pain management shows 
modest efficacy for cannabinoids across a variety of 
conditions including: neuropathic pain, cancer pain, 
and spasticity. This level of evidence may change with 
emerging research studies investigating specific canna-
binoid compounds/combinations within different deliv-
ery systems.

	l	  Cannabinoids have a very favorable risk/benefit profile 
showing limited evidence of significant adverse events 
and minimal issues of dependency.

	l	  Medical practitioners choosing to recommend cannabi-
noids for pain management must employ careful patient 
selection and informed consent, taking into account 
emerging evidence and constantly evolving legal issues.
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