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Cannabis has been used for recreation and medical purposes for more than a millennium across 
the world; however, its use’s consequences remain poorly understood. Although a growing num-
ber of surgical patients are regular cannabis consumers, little is known regarding the pharma-
cological interactions between cannabis and general anesthetics; consequently, there is not a 
solid consensus among anesthesiologists on the perioperative management of these patients. 
The existing evidence about the molecular mechanisms underlying pharmacological interactions 
between cannabinoids and anesthetic agents, both in animal models and in humans, shows 
divergent results. While some animal studies have demonstrated that phytocannabinoids (tet-
rahydrocannabinol [THC], cannabidiol [CBD], and cannabinol [CBN]) potentiate the anesthetic 
effects of inhalation and intravenous anesthetics, while others have found effects comparable 
with what has been described in humans so far. Clinical studies and case reports have consis-
tently shown increased requirements of GABAergic anesthetic drugs (isoflurane, sevoflurane, 
propofol, midazolam) to achieve adequate levels of clinical anesthesia. Several potential molec-
ular mechanisms have been proposed to explain the effects of these interactions. However, it is 
interesting to mention that in humans, it has been observed that the ingestion of THC enhances 
the hypnotic effect of ketamine. Animal studies have reported that cannabinoids enhance the 
analgesic effect of opioids due to a synergistic interaction of the endogenous cannabinoid sys-
tem (ECS) with the endogenous opioid system (EOS) at the spinal cord level and in the central 
nervous system. However, human data reveals that cannabis users show higher scores of post-
operative pain intensity as well as increased requirements of opioid medication for analgesia. 
This review aims to improve understanding of the molecular mechanisms and pharmacological 
interactions between cannabis and anesthetic drugs and the clinical outcomes that occur when 
these substances are used together.  (Anesth Analg 2025;140:1401–13)

Out of the over 480 different elements in the 
cannabis plant, more than 120 phytocan-
nabinoids and phytochemicals have been 

identified in cannabis-derived recreational prod-
ucts. The most widely used and studied phyto-
cannabinoids are delta-9-tetrahydrocannabinol 
(Δ9-THC), cannabidiol (CBD), cannabinol (CBN), 

and cannabigerol (CBG), being Δ9-THC the primary 
psychoactive compound.1

Marijuana, marihuana, hashish, hemp, weed, or 
cannabis are some of the names used to refer to any 
product derived from the Cannabis plant; however, 
in this review, we will identify as cannabinoids all 
compounds derived from the plant (phytocannabi-
noids), as well as the synthetic cannabinoids, which 
are lab-made compounds structurally similar to the 
compounds naturally derived from the plant canna-
binoids. To date, cannabis is legal in 38 of 50 states for 
medical use, and 24 states, in addition to Guam, the 
Northern Mariana Islands, and DC, have legalized 
the use of recreational and medical cannabis. Based 
on the TCH content, cannabis plants are categorized 
according to the Federal legal status as (a) marijuana, 
the cannabis plant and products containing a THC 
concentration >0.3% (Schedule I substance), and 
(b) hemp, which is the cannabis plant and products 
containing <0.3% of THC.2 The widespread use of 
these compounds, mainly for recreational purposes, 
requires that anesthesiologists and perioperative 
care teams should familiarize themselves with the 
potential effects of cannabis use in surgical patients. 
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Cannabinoids are pleiotropic compounds with mul-
tiple physiological effects of their own and derived 
from their drug-drug interaction with drugs involved 
in the perioperative management of cannabinoid-
using patients that can complicate the course of anes-
thesia and the postoperative period. However, there is 
still a lack of clinical studies to elucidate discrepancies 
between what has been reported in animal studies and 
the reported findings in humans (research studies and 
case reports) resulting from the potential interactions 
between cannabis and anesthetic agents in patients 
with acute exposure and chronic use. Regulatory 
obstacles may have hampered serious and rigorous 
clinical studies as cannabis is a Schedule I compound, 
by the US Drug Enforcement Agency.3 Published 
animal studies have shown conflicting data. Some 
demonstrate that phytocannabinoids THC, CBD, and 
CBN potentiate the anesthetic effects of inhalational 
anesthetics, decreasing the anesthetic requirements, 
shortening induction, and prolonging emergence 
times. Other studies showed results that aligned more 
with the reported effects on humans.4,5 In contrast, 
in humans, THC has been reported to reduce the 
sedative and anesthetic effects of propofol and sevo-
flurane. Therefore, existing evidence shows that can-
nabis users may require higher doses of intravenous 
hypnotics and volatile anesthetic agents to achieve 
adequate anesthetic depth, as well as postoperative 
opioids.6–10 Other confounding factors complicating 
the study of these interactions and their outcomes are 
differences in animal species, the poor standardiza-
tion of cannabis compounds, and their chemical con-
figuration and strength inconsistency. A synergistic 
interaction between cannabinoids and opioids that 
potentiates the antinociceptive activity of opioids was 
observed in animal models.11

The objective of this narrative review is to provide 
an understanding of the molecular mechanisms and 
pharmacological interactions between cannabis and 
anesthetic drugs and the clinical outcomes that occur 
when these substances are used together, which con-
sequentially affects anesthesia planning and periop-
erative care.

DISCUSSION
Basic Pharmacology of the Exocannabinoids and 
the Endocannabinoid Systems
Phytocannabinoids or Exocannabinoids. The most 
characterized and studied phytocannabinoids or 
exocannabinoids are THC and CBD. Although 
THC is the main psychomimetic component, its 
synthetic analogs were the first cannabinoids used 
for medicinal purposes (Nabilone, Dronabinol). 
On the contrary, CBD is the main nonpsychoactive 
component in the Cannabis plant and is used to 
treat several medical conditions. Exocannabinoids 

must interact with the endocannabinoid system 
once they enter the body to produce their effects. 
Early studies with phytocannabinoids discovered 
that these compounds inhibit adenyl cyclase when 
binding to specific receptors widely disseminated in 
the central and peripheral nervous systems and other 
organs.12,13 In humans, Δ9-THC biotransformation 
occurs primarily in the liver by a 2-phase process of 
hydroxylation and oxidation through the CYP2C9 
enzymes of the cytochrome P450 system. In contrast, 
CBD hydroxylation is performed by the subsystem 
CYP2C19 and the oxidation phase by the CYP3A4.1

The Endocannabinoid System. The endocannabinoid 
system (ECS) consists of endogenous cannabinoids 
or ligands, the cannabinoid receptors (C1B-R and 
CB2-R), which are adenylyl cyclase G-protein-
coupled receptors (GPCRs), and the enzymatic 
system responsible for the synthesis and degradation 
of endocannabinoid ligands.14–16 The ECS is one 
of the most pervasive cerebral signaling systems, 
participating in numerous physiologic responses such 
as pain, memory, stress response, motivated behavior, 
and neural growth and development.17,18

Cannabinoid Receptors. Phytocannabinoids, endocan-
nabinoid ligands, and synthetic cannabinoids (K2 or 
spice) exert physiologic effects via GPCRs. CB1 recep-
tors (CB1-Rs) are primarily expressed in some central 
neural structures like brain cortex, hippocampus, den-
tate gyrus, striatum, amygdala, basal ganglia outflow, 
nucleus accumbens, thalamus, hypothalamus, peri-
aqueductal gray, brainstem, and cerebellum; and due 
to their location on interneurons (GABAergic, CCK-
positive) and presynaptic axons they actively partici-
pate in the modulation of neurotransmission; CB1-Rs 
are also expressed in neurons connecting into the area 
postrema, contributing to the antiemetic effects elicit 
by some phytocannabinoids, as well as in the periph-
eral and the enteric nervous system.19 Moreover, 
CB1-R is found in other body tissues, including the 
cardiovascular, immunologic, adrenal, ocular, and 
gastrointestinal systems.20 Additionally, CB1-Rs are 
expressed in dopaminergic, cholinergic, glutamater-
gic, and serotoninergic neuronal systems, modulating 
the release of other neurotransmitters such as dopa-
mine, acetylcholine, glutamate, and serotonin.21,22 CB2 
receptors are found in the immune system (T cells, 
macrophages, and B cells), spleen, subcutaneous adi-
pose tissue, thymus, tonsils, right lung lobe, left colon, 
and left lobe of the liver, suggesting a potential immu-
nomodulatory function (Figure 1).23 Recent inves-
tigations revealed that CB2-Rs are expressed in the 
human brain at low levels in the hippocampal CA2/3 
pyramidal neurons and glial cells, and its expression 
is upregulated in response to neuroinflammation.19,24 
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CB2-Rs have been detected in the cerebellar microg-
lial cells, modulating microglial activation and reduc-
ing the neuroinflammatory response.25 Preclinical 
and clinical data have shown that frequent or heavy 
cannabis consumption is associated with the down-
regulation of the brain’s CB1-Rs and lower levels of 
circulating endocannabinoids. However, abstinence 
for 2 to 14 days may restore the CB1-R expression.26 
An orphan cannabinoid receptor, the G protein- 
coupled receptor-55 (GPR55), has been identified more 
recently. It is highly expressed in the dorsal root gan-
glion (DRG), neurons, vascular endothelial cells, and 
immune cells, and once activated by THC and AEA, 
promotes the increase in intracellular Ca2+.27 Synthetic 
cannabinoids are full agonists of CB1-R, eliciting 
potent physiologic responses that explain the signifi-
cant toxic effects that can cause the death of its users.28

Cannabinoid Ligands. Endocannabinoid ligands are 
synthesized from phospholipids located in the cel-
lular membranes of several brain cells, such as post-
synaptic neurons, astrocytes, and microglial cells. 
They are released by cell depolarization or on-demand 
after CB-R activation.29,30 Once synthesized, endocan-
nabinoids bind retrogradely to the presynaptic CB1-
R, restraining the release of neurotransmitters at the 
presynaptic terminals by inhibiting voltage-gated Ca2+ 
channels or activating the inward current of potas-
sium channels.31 The main endocannabinoid ligands, 
arachidonoylethanolamide (also known as anan-
damide or AEA) and 2-arachidonoylglycerol (2-AG), 
are derived from arachidonic acid, being AEA an 
amide, and 2-AG an ester, and both are produced in 
a 2-step process at the postsynaptic level. The actions 
mediated by the ECS depend on the concentration of 
the ligands, which is tightly balanced by their synthe-
sis and biodegradation.32 AEA shows higher binding 

affinity to CB1 receptors but is a partial agonist elicit-
ing a weaker intracellular response than 2-AG, which 
has a low binding affinity and full agonism to CB1 and 
CB2 receptors (Table 1). The most abundant endocan-
nabinoid ligand in the brain is 2-AG, binding only to 
cannabinoid receptors, while AEA activates TRVP1 
receptors, inhibits L-type Ca2+ channels, and down-
regulates 2-AG synthesis, impacting synaptic transmis-
sion.33 AEA shows a high affinity for nuclear receptors, 
such as peroxisome proliferator-activated receptors 
(PPARs), which are involved in the transcription of 
genes that regulate neuroinflammation, energy pro-
duction, and lipid metabolism.34 2-AG also plays a vital 
role in neuroinflammation by synthesizing arachidonic 
acid, a primary source for cyclooxygenase-mediated 
prostaglandin biosynthesis.1,35 The concentration of 
endocannabinoids is regulated by the enzyme fatty 
acid amide hydrolase (FAAH), AEA amidohydrolase, 
and monoacylglycerol lipase (MAGL), which act by 
degrading AEA and 2-AG, respectively (Figure 2).36

Exocannabinoids and Endocannabinoids Interaction. 
Exogenous cannabinoids (phytocannabinoids and 
synthetic analogs) and endocannabinoid ligands 
(AEA and 2-AG) target both types of CB receptors 
with varying selectivity. THC is a partial agonist of 
CB1 and CB2 receptors, while CBD shows a low affin-
ity for cannabis receptors CB1 and CB2; however, it 
can signal other receptors such as TRPV1, GPR55, 
5-HT1, and adenosine (Table 1).26,37

Proposed Molecular Mechanisms of the 
Pharmacological Interactions Between 
Cannabinoids and Anesthetic Drugs in Animals 
and Humans
Studies performed in animal models to investigate the 
pharmacological interactions between cannabinoids 

Figure 1. Distribution of cannabi-
noid receptors. CB1: The majority 
of CB1 receptors are expressed 
in the brain. Still, they are also 
located in other organs and tis-
sues, such as the lungs, vascular 
system, gastrointestinal system, 
reproductive organs, immune sys-
tem, liver, pancreas, muscle, and 
bone marrow, where they modu-
late local tissue functions. CB2: 
The principal expression of CB2 
is in the immune system, such 
as the spleen and bone marrow, 
where it shows immunomodula-
tory functions and other tissues 
(liver, pancreas, and skin).
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and the most used drugs in anesthesia have yielded 
contradictory results, with some of them showing 
that cannabis consumption decreases the require-
ments of intravenous and inhaled anesthetics. In most 
preclinical studies, animals were subjected to daily 
cannabis consumption, which resembles chronic use 
in humans, before they were exposed to the volatile 
or intravenous anesthetic agent. However, the magni-
tude of this effect varies among cannabinoids.1,21

Current reports on the interaction of anesthetic 
drugs and phytocannabinoids or synthetic cannabi-
noids in humans are limited to case reports and small 
clinical studies. Interestingly, the existing evidence 
does not show the disparities reported in animal stud-
ies. In contrast, clinical studies and case reports have 
consistently highlighted the tolerance to intravenous 
and volatile agents during induction and maintenance 
of anesthesia, elevated processed EEG index, and an 
unknown cross-tolerance to analgesics (Table 2).53,54

Cannabinoids Interaction With Inhaled and 
Intravenous GABAergic Anesthetics. 

Animal Data. Several studies in different animal spe-
cies (dogs, mice, rats) have found that the acute or 
chronic administration of THC produces a dose-
dependent reduction in the MAC of the most used 
volatile anesthetics, halothane, isoflurane, and sevo-
flurane. GABA is the major inhibitory neurotrans-
mitter in the brain. The proposed mechanism is that 
cannabinoids like CBD bind to postsynaptic CB1-Rs 

and activate GABAA receptors (GABAA-R) via the 
2-AG ligand, facilitating GABA binding to the recep-
tor and potentiating its inhibitory actions on neuro-
transmission.39,55 Other preclinical studies found that 
selective activation of presynaptic CB1-R by THC, 
through 2-AG, inhibits GABA release in the synap-
tic cleft, precluding the neurotransmitter’s inhibitory 
effects.39,56 Meanwhile, other authors have described 
that CBD favors glutamate release by interacting 
with several receptors, such as TRPV1, GPR55, and 
5-HT1A.33,57 Synthetic cannabinoids can also affect the 
anesthetic requirements of inhalation agents, most 
probably through their action as full presynaptic 
CB1-R agonists, inhibiting the release of GABA.58

Regarding intravenous anesthetics, trials in mouse 
models had reported that the administration of can-
nabis avoided the hypnotic effect of propofol. At the 
same time, sedation required increasing doses of 
propofol, and similar results were reported with the 
combination of THC and thiopental. This effect was 
attributed to the previously described interaction of 
THC with presynaptic CB1-R, downregulating the 
production and release of GABA and inhibiting the 
synaptic GABAergic inhibitory neurotransmission.6 
Also, neurochemical and neuroanatomic evidence has 
shown that postsynaptic CB1-R activation releases 
2-AG, which potentiates GABAA-R and postsynap-
tic GABA current in multiple brain areas, such as the 
hypothalamus, hippocampus, cortex, striatum, and 
cerebellum (Figure 3).39 Patel et al59 demonstrated 

Table 1.  CB1/CB2 Receptors Agonists and Antagonists
CB receptors Exogenous agonists Endogenous agonists Antagonists
nonselective CB1-R/CB2-R  

affinity/efficacy
Δ9-Tetrahydrocannabinol (THC)
•  Lo�w CB1/CB2 affinity 

(CB1>CB2)
•  Partial agonist of CB1/CB2
•  Efficacy CB1>CB2

Anandamide (AEA)
•  High affinity for CB1
•  Low affinity for CB2
•  Partial agonist of CB1
•  Efficacy CB1>CB2
2- Arachidonoglycerol (2-AG)
•  Low affinity CB1>CB2
•  Full agonist of CB1 and CB2
•  Efficacy CB1>CB2

Cannabidiol (CBD)
•  Low CB1 affinity
•  no�ncompetitive antagonist of 

CB1/CB2 (inverse agonist)
•  Ne�gative allosteric  

modulators of CB1

Selective CB1-R affinity/efficacy No exogenous phytocannabinoids 
are selective agonists of 
CB1-R.

Synthetic cannabinoids with a 
pharmacological structure 
similar to THC are the only 
selective CB1-R agonists

•  Na�bilone (used for 
chemotherapy-induced 
nausea and vomiting)

No endogenous cannabinoid is a 
selective agonist of CB1-R.

Synthetic cannabinoids are 
the only selective CB1-R 
antagonists.

Selective CB2-R affinity/efficacy Only synthetic cannabinoids are 
selective CB2-R agonists.

No endogenous cannabinoid is a 
selective agonist of CB2-R.

Only synthetic cannabinoids are 
CB2-selective antagonists.

Agonist (full agonist): A molecule that binds to the receptor site and elicits a response causing a conformational change. Partial agonist: Molecule that binds 
to the receptor, allowing a partial activity that provokes a reaction that is less than the maximum effect of a full agonist. Inverse agonist: Molecule that binds 
to a receptor, prompting a physiological response opposite to the agonist effect. Inverse agonists can blunt receptor activity. Antagonists: Molecule that  
binds to the receptor, preventing the agonist molecules from binding and do not produce any response. High affinity to a receptor describes the binding of a 
ligand to the receptor, which results from greater attractive forces. In contrast, in low affinity, the binding to receptors requires less attractive force. Efficacy 
refers to the capacity of a molecule or ligand to produce a pharmacological response when it binds to the receptor. An agonist’s potency depends on high affinity, 
efficacy, or both.
Abbreviations: CB1-R, cannabinoid-1 receptor; CB2-R, cannabinoid-2 receptor.
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that propofol is a strong inhibitor of FAAH activity, 
increasing the brain content of AEA. This is one of the 
main mechanisms explaining its sedative, anesthetic, 
and antiemetic effects.

Human Data. Another exciting line of research is the 
antagonistic interaction of THC with propofol and 
thiopental that has been reported in humans, where 
recent or heavy cannabis consumption increases the 
requirements of both agents to achieve an adequate 
level of sedation or anesthesia. Cannabis users may 
require higher doses of intravenous hypnotics and 
inhalation anesthetic drugs, perhaps due to the inter-
action between exocannabinoids, cannabinoid recep-
tors, ligands, GABA deposits, and GABA-A receptors, 
as was shown in animal models.60

These findings suggest that some of the cen-
tral effects seen after CB1-R activation by endocan-
nabinoids are mediated by interactions with the 
GABAergic neurons, either inhibiting presynaptic 
GABA release or modulating GABA receptor func-
tioning to a large extent in cannabis users, depend-
ing on the prevalence of the exocannabinoid that has 

been consumed. THC interaction with presynaptic 
CB1-R promotes the formation of the 2-AG ligand, 
which impedes the release of GABA in the synaptic 
cleft, interfering with the formation of the complex 
GABA-GABAA-R in the postsynaptic terminal and 
interfering with the GABAergic neurotransmission. 
This must be the mechanism by which the consump-
tion of cannabis or cannabis products with high THC 
content causes an increase in the requirements of 
GABAergic anesthetics both for the induction and 
for the maintenance of adequate levels of anesthe-
sia. Conversely, CBD activates the postsynaptic CB1 
receptor, stimulating the GABAA receptor via 2-AG 
and increasing the postsynaptic neuron’s GABA and 
Cl-current (Figure 3).38 Besides, CBD inhibits FAAH, 
enhances AEA levels, and signals on the presynap-
tic CB1-R, dampening glutamate release and post-
synaptic NMDA-R activity and decreasing neuron 
excitability.42 Therefore, patients receiving CBD for 
medical purposes should not require high doses of 
GABAergic anesthetics to achieve adequate anesthe-
sia depth, as in the case of recreational cannabis use 
due to high levels of THC.

Figure 2. Synthesis and degradation of endocannabinoids. Endocannabinoids are produced on demand in the retrograde postsynaptic neuron 
signal, and their synthesis is initiated by glutamate receptor activation. The ligand 2-arachidonylglycerol (2-AG) is synthesized by the enzymes 
2-acylglycerol [AG] and diacylglycerol [DAG] (DAGL) and, once synthesized, diffuses into the synaptic cleft and activates CB1 and CB2 receptors 
in a retrograde fashion, situated in the presynaptic terminal; signaling of 2-AG is terminated by the enzyme monoacylglycerol lipase (MAGL) 
degradation in the presynaptic terminal. 2. Anandamide (AEA) is synthesized by the enzyme N-acyl phosphatidylethanolamine [NAPE], NAPE-
specific phospholipase D [NAPE-PLD], and then diffuses into the synaptic cleft to activate CB1 and CB2 receptors. AEA also activates transient 
receptor potential channel 1 (TRPV1). AEA is broken down postsynaptically by fatty acid amino hydrolase (FAAH) into arachidonic acid and 
ethanolamine. Both 2-AG and AEA have endocannabinoid transporters facilitating their reuptake and subsequent postsynaptic degradation.
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Another mechanism involved in the reported 
increase in the requirements of GABAergic anesthet-
ics is the upregulation of the hepatic enzyme sys-
tem P-450 in cannabis users. Cannabinoids directly 
activate and inhibit nuclear receptors in the hepatic 
microsomes, leading to CYP expression and activity 
changes and accelerating propofol’s metabolic deg-
radation. Therefore, higher induction and mainte-
nance doses are required to maintain adequate drug 
blood levels and anesthesia depth.43 THC is metab-
olized in the liver by cytochrome P-450 enzymes 
such as CYP2C9, CYP3A4, and CYP2B6.44 Likewise, 
propofol is metabolized by glucuronidation via uri-
dine diphosphate (UDP) glucuronosyltransferase 
1A9 and by the cytochrome enzymes CYP2B6 and 
CYP2C9.45 However, the outcomes of these phar-
macologic interactions are often difficult to predict 
in real clinical scenarios due to the presence of con-
founding social habits among cannabis users, such 
as alcohol abuse, which could predispose to liver 
dysfunction and disease. Therefore, further well-
designed research studies are required to better 
understand these effects’ extent.

Flisberg et al61 published the first prospective ran-
domized controlled clinical trial comparing the pro-
pofol requirements between cannabis users (CBU) 
and noncannabis users (non-CBU) during laryngeal 

mask insertion. A higher total dose of propofol was 
required to achieve bispectral index (BIS) values <60 
and satisfactory LM insertion in the CBU group in 
comparison with the non-CBU patients (263.2 ± 69.5 
mg vs 314.0 ± 109.3 mg, P < .04). However, consider-
ing that the average weight in both groups was 80 kg, 
the total doses of propofol are equivalent to 3.29 ± 0.86 
mg/kg vs 3.92 ± 0.12 mg/kg. Similar findings have 
been reported in patients undergoing transesopha-
geal echocardiography (TEE) under sedation with 
midazolam.22 Sedative doses of fentanyl, midazolam, 
and propofol increase by ~14%, ~20%, and ~220% in 
cannabis users, which makes cannabis exposure an 
independent predictor of higher propofol require-
ments.62 Likewise, cannabis users may be more sus-
ceptible to experiencing (and requiring medication 
for) sleep disorders, anxiety, and depression.63

Cannabinoid Interaction With the NMDA System. 
Animal Data. Glutamate is the primary excitatory 
neurotransmitter in the CNS, which plays a primary 
role in synaptic transmission, neuronal connectivity, 
and other processes of brain development, such as 
neurogenesis, cell differentiation, and migration.64 
The ECS interplays with the NMDA-glutamatergic 
system to maintain a physiologic balance of the 
excitotoxic effects of Ca2+ influx into the neurons to 

Table 2.  Pharmacological Interactions of Cannabis and Cannabinoids With Anesthetic Drugs in Humans
Anesthetic drugs Mechanisms of pharmacologic interactions Clinical outcomes
Inhalational anesthetics 

(isoflurane,  
sevoflurane)

•  TH�C binds to presynaptic CB1-R inhibiting the release of GABA → 
↓ inhibitory neurotransmission38

•  CB�D activates postsynaptic CB1-R → promote GABA current by 
activating GABAA-R enhancing inhibitory neurotransmission39

•  TH�C ↑ requirements of GABAergic inhalation 
and intravenous anesthetics to achieve 
adequate anesthesia depth

•  CB�D by improving GABAergic transmission 
might ↓ anesthetic drug requirements

•  CB�1-R activation by preoperative CB exposure → ↓ release of 
acetylcholine in neocortex40,41

•  Tra�nsient postoperative cognitive deficit 
affecting memory and learning process

•  Pr�esynaptic CB1-R activation suppresses GABA and glutamate 
release → interferes with synaptic transmission and plasticity 
in the hippocampus42

•  CB�D might ↓ anesthetic agents’ 
requirements

Intravenous GABAergic 
anesthetics (Propofol, 
BDZ)

•  CB� provokes changes in CYP enzymatic system expression and 
activity → Accelerated metabolic degradation of propofol43–45

•  ↑ p�ropofol requirements to maintain clinical 
anesthesia

•  Propofol inhibits FAAH →↑AEA levels that activate CB1-R in:
  ○  Dorsal vagal complex, NTS, AP in brain

•  Antiemetic effects → ↓PONV

Ketamine (NMDA-R 
antagonist)

•  Coupling of THC with presynaptic CB1-R leads to
    a) ↓ glutamate release into synaptic cleft (presynaptic effect)46

    b) ↓ in�tracellular NMDA-R signaling and expression (postsynaptic 
effect)47,48

•  Ne�uroprotective effect by preventing 
intracellular Ca2+ influx and cell death 
during ischemic conditions

Ketamine ↑ AEA in presence of nociceptive stimulus →↑ CB1-R 
activation48

•  ↑ antinociceptive effect of ketamine
•  ↓ r�equirements of GABAergic anesthetics to 

maintain clinical anesthesia
Opioids ECS and EOS are both activated by external cannabinoids and 

opioids,13,49–52

•  EC�S and EOS share anatomical and neurochemical distribution in 
the SDH and in the brain

•  In�teraction of CBs with К and δ opioid receptors triggers 
synthesis and release of endogenous opioids

•  Th�is interaction has a synergistic effect 
on nociception as well as on opioid 
withdrawal.

•  Th�e antinociceptive synergistic effect of CB 
and opioids is more consistent in chronic 
than acute pain

Neuromuscular blockers No interactions between CB and NMB have been described in 
hums

Hitherto, no adverse events have been 
published

Abbreviations: AEA, anandamide; AP, area postrema; BDZ, benzodiazepines; CB, cannabis and cannabinoids; CB1-R, cannabinoid-1 receptor; CYP, cytochrome 
P-450 enzymatic system; ECS, endogenous cannabinoid system; EOS, endogenous opioid system; GABA-A-R, γ-aminobutyric acid – a-receptor; NA, nucleus 
accumbens; NMDA, n-methyl-d-aspartate; NMJ, neuromuscular junction; NTS, nucleus tractus solitarii; NMB, neuromuscular blockers; N2O, nitrous oxide; STP, 
sodium thiopental; THC, tetrahydrocannabinol; VT, ventral tegmentum.
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ensure adequate neurotransmission. THC stimulation 
CB1-R attenuates presynaptic glutamate release into 
the synaptic cleft (presynaptic effect). It interferes 
with the postsynaptic signaling system regulated 
by the NMDA receptor (NMDAR) system and 
intracellular NMDA receptor signaling and expression 
(postsynaptic effect).46 This interaction blocks 
intracellular Ca2+ influx, which prevents cell death 
and is one of the pathways involved in ketamine’s 
neuroprotective effects (Figure 4).47 In addition, it has 
been demonstrated that ketamine induces the release 
of ligand AEA and CB1-R activation in the presence of 
a nociceptive stimulus, suggesting that this pathway 
could be one of ketamine’s antinociceptive effects.48

Human Data. Two case reports have shown that can-
nabis users may demand elevated doses of intra-
venous and inhaled anesthetics during anesthesia 
induction and maintenance.48,65,66 Interestingly, after 
N2O (an NMDA receptor antagonist) was initiated in 
both cases, there were clinical signs of more adequate 
levels of anesthesia and hemodynamic stability.67,68 
Therefore, the addition of an NMDA receptor antago-
nist like N2O or ketamine (with no direct interaction 
with GABA receptors) may contribute to attenuating 
the increased requirements of GABAergic anesthetic 
agents such as propofol, midazolam, sevoflurane, and 
isoflurane in active cannabis users.48

Cannabinoid Interaction With Opioids. The ECS 
and the EOS are both activated by cannabinoids 
and opioids. CB1-R and mu-opioid receptor (MOR) 
share an anatomical and neurochemical distribution 
pattern, as well as common signaling pathways 
in the dorsal horn neurons of the spinal cord and 
specific brain structures, including the central medial 

thalamic nuclei, periaqueductal gray, medial basal 
hypothalamus, raphe nuclei, caudate putamen, 
dorsal hippocampus, and substantia nigra.69,70 This 
molecular interaction not only plays a vital role in 
antinociception but also in drug reward and opioid 
withdrawal.70 Moreover, the cross-talk between 
CB1-R and MOR plays an essential role in other 
physiologic and pathologic processes such as sedation, 
hypothermia, hypotension, and inhibition of motor 
activity.71 Furthermore, the combined subanalgesic 
doses of THC and morphine not only produce an 
antinociceptive synergy but, at the same time, prevent 
the development of tolerance due to chronic exposure 
to morphine.71

Animal Data. Studies conducted in different animal 
models have demonstrated the existence of a func-
tional interaction between the ECS and the endoge-
nous opioid system (EOS), resulting in a potentiation 
of the opiate analgesic effects when combined with 
CB-R agonists.72 Some of these studies have dem-
onstrated the opioid-sparing effect of cannabinoids, 
showing that the coadministration of low doses of 
cannabinoids and opioid receptor agonists enhanced 
the analgesic effect compared to the effects of either 
drug.49 To explain the synergistic effects between 
opioids and cannabinoids, some contributing fac-
tors have been identified: (a) cannabinoid and opioid 
receptors have overlapping locations in brain regions, 
and both signaling systems intervene in standard 
physiological processes such as nociception, reward-
ing, and motor activity, (b) the receptors of both sys-
tems belong to the G-protein-coupled receptor family 
and their transduction systems are also similar, (c) 
exogenous cannabinoids may provoke the produc-
tion and release of endogenous opioid peptides in the 

Figure 3. Cannabinoid interaction with the 
GABA signaling. The major phytocannabinoids, 
tetrahydrocannabinol (THC), and cannabidiol 
(CBD) modulate the release of GABA and the 
activity of GABAA receptors (GABAARs), corre-
spondingly. THC activation of presynaptic CB1-R 
inhibits the release of GABA into the synaptic 
cleft in the brain (hippocampal interneurons). 
Meanwhile, CBD activates postsynaptic CB1-Rs 
and enhances GABAergic activity by potentiating 
GABAAR currents through the action of endocan-
nabinoid ligand 2-AG.
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brain and peripheral nervous system; thus, the intra-
cellular signaling mechanisms triggered by the inter-
action of cannabinoids with К and δ opioid receptors 
increase the synthesis and release of К and δ endog-
enous opioids, and d) repeated doses of THC increase 
the µ-receptor density in many different areas of the 
brain, reaching the maximal expression 3 days after 
neural injection of THC and fading after 14 days.37,49–52

Human Data. Despite what the studies in animals 
have shown, the findings of recent meta-analyses that 
included prospective studies in healthy volunteers 
with experimental pain, acute postoperative, lumbar 
pain, and patients with cancer pain demonstrated 
that opioid-sparing properties in cannabis users are 
inconsistent, with no beneficial effects on opioid dos-
age or pain intensity in acute pain. However, vari-
ous RCTs conducted on patients with cancer pain 
taking opioids for a long term reported improved 
pain scores with the addition of an extract of THC 
(nabiximols) compared with the placebo group.51 A 
meta-analysis conducted by Abdallah et al73 reported 
that patients receiving cannabinoids for the treat-
ment of acute postoperative pain showed no differ-
ences in opioid medication and rest pain intensity 
up to 24 hours after surgery compared to the control 
group. Another meta-analysis studying the response 
to orally and intramuscularly administered cannabi-
noids for acute pain of various etiologies found a sig-
nificant reduction in pain levels in those patients who 
received intramuscular cannabinoids. In contrast, no 

differences were observed in pain intensity with the 
placebo group when cannabinoids were given orally. 
The meta-analysis also included RCTs examining the 
effect of dronabinol or smoked cannabis in patients 
with various causes of chronic noncancer pain, and 
most studies reported a significant reduction in the 
level of pain when compared with placebo.74 The 
reported opioid-sparing effect in humans when can-
nabis and opioids are combined, especially in cancer 
and chronic pain, could be explained by the mecha-
nisms above proposed for the synergistic interaction 
between cannabinoids and opioids.

Cannabinoids and Neuromuscular Transmission. 
Several studies in animal models and humans have 
described the presence of CB1-R, CB2-R, and TRPVI-R 
and the synthesis of endocannabinoids (AEA and 
2-AG) in the neuromuscular junction of striated 
peripheral muscle. CB1-R and ligands AEA and 2-AG 
are also present in the muscle nerve endings and the 
sarcolemma, regulating the release of acetylcholine and 
Ca2+ at the nerve terminal and the contractile tension of 
the skeletal muscle.75 In mammalians, THC increases 
both the frequency and amplitude of miniature end-
plate potentials (MEPP) at the presynaptic level, 
prolonging the duration of end-plate potentials 
(EPP).76 CBD inhibits voltage-gated sodium channels 
(Nav 1.4), decreasing skeletal muscle contraction.77 
However, no adverse pharmacological interactions 
between cannabinoids and neuromuscular blockers 
have been reported in humans.

Figure 4. Interaction of THC with 
postsynaptic NMDA-R signaling. In 
glutamatergic neurons, the bind-
ing of THC to presynaptic CB1-R 
causes the release of 2-AG, which 
inhibits the release of glutamate 
into the synaptic cleft. This inter-
feres with the binding of Ca++ 
with the postsynaptic N-methyl-D-
aspartate receptor (NMDA-R) and, 
consequently, dampens the exci-
totoxic signaling mediated by the 
NMDA-R, attenuating the influx of 
Ca++ into the neuron.
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Other Perioperative Outcomes Derived From the 
Interactions of Cannabinoids
Cannabinoids, Opioids, Acute and Postoperative 
Pain. Despite the proven effectiveness of cannabis 
in chronic pain, there is increasing evidence that 
cannabis use may be detrimental in the acute pain 
setting, with most human studies reporting that 
cannabis users are more prone to experience poor 
postoperative pain control, with higher pain scores, 
and more opioid requirements for analgesia than 
noncannabis users.73,78–80 Some molecular mechanisms 
of interaction between cannabinoids and opioids 
could explain this contradictory response in acute 
postoperative pain to that observed in chronic pain. 
Different distributions of CB1-R in nerve fibers 
may be plausible explanations for this physiologic 
response. Mackie et al81 demonstrated that small-
diameter diameter Aδ fibers contain fewer CB1-R and 
more μ-opioid receptors (MOR) than large-diameter 
fibers. Moreover, chronic cannabis use leads to CB1-R 
downregulation and desensitization, resulting in 
reduced drug effects.82,83 The results of a recent meta-
analysis have confirmed that postoperative pain 
intensity and opioid consumption as oral morphine 
equivalents (OME) were significantly higher in 
cannabis users compared with nonusers at 24 hours 
and 36 hours after surgery.73 In an observational, 
prospective pilot study, Dupriest et al78 found that 
there were significantly higher pain scores 24 hours 
after craniotomy surgery in cannabis users than in 
noncannabis users patients (4.58 vs 3.89; P = .056). 
Wiseman et al80 reported that cannabis users presented 
greater pain intensity and higher opioid requirements 
at 12 and 36 hours postoperatively compared with 
nonusers. Two retrospective propensity score 
matched-cohort studies showed that cannabis users 
presented significantly higher postoperative pain 
scores than nonusers (median 4.68 vs 3.88) and 
required more opioid medication.79,84

Cannabinoids and Postoperative Nausea and 
Vomiting. Another potential interaction between the 
ECS and anesthetic agents involves the physiologic 
mechanisms of PONV. Although cannabinoids have 
been used in the treatment of chemotherapy-induced 
nausea and vomiting (CINV), some evidence shows 
that their interaction with some anesthetic agents 
may contribute to the occurrence of PONV.85–87 
Cannabis shows a paradoxical pharmacological 
behavior, having antiemetic effects when used at 
low doses, whereas chronic high-dose consumption 
could result in cyclical vomiting.88 Therefore, 
anesthesia providers must consider the combination 
of chronic cannabis consumption and general 
inhalation anesthesia a high-risk factor for PONV. 
Preclinical and clinical studies have demonstrated 

that some cannabinoids have central and peripheral 
antiemetic effects by activating the CB1-R in the brain 
and the enteric nervous system (ENS). CB1-R and 
endocannabinoid ligands, AEA and 2-AG, exist in 
significant concentrations in the brainstem, most of 
all in the dorsal vagal complex, which encompasses 
the nucleus tractus solitarii, the dorsal motor nucleus 
of the vagus nerve, and the area postrema.89 Likewise, 
CB1-Rs are found in the myenteric plexus of the 
stomach and duodenum.75,90 Some studies showed 
that the antiemetic and emetic postoperative effects 
of some anesthetic agents are linked to the levels 
of AEA in the brain.91 AEA decreases in the brain 
after inhaled anesthetic exposure, whereas small 
increments are seen after total intravenous anesthesia 
(TIVA) with propofol.91 A recent retrospective cohort 
study analyzing an extensive database of 27,388 
general surgery cases lasting 30 minutes or longer 
identified that regular cannabis consumption was 
associated with an increased risk of PONV and a 
slight increase in the marginal probability of PONV.92 
Propofol inhibition of FAAH increases the amount 
of AEA in the brain; therefore, propofol’s antiemetic 
properties can be attributed to the cannabinoid 
system through the CB1-R-AEA interaction in the 
dorsal vagal complex.93

Cannabinoids and Postoperative Effects on Cognitive 
Function, Memory, and Learning. GABA and 
glutamate neurotransmitters are essential to synaptic 
transmission and plasticity in the hippocampus. These 
processes are necessary components of the learning 
and memory processes and include the storage 
and conservation of information required for the 
development of recent memory (spatial or nonspatial) 
and long-term memory.40 Endogenous cannabinoids 
are regulatory factors for the interaction between 
the frontal cortex and the hippocampus, which is 
involved in the mechanism of memory and learning.41 
The activation of CB1-R, highly expressed in the 
hippocampus, by exogenous cannabinoids such as Δ9-
THC inhibits the release of GABA in the GABAergic 
interneurons and glutamate in the axonal terminals, 
disrupting the synchronized activity of these cortical 
and subcortical neural circuits.56,94 Barbieri et al95 
reported that the acute use of synthetic CB1 and 
CB2 agonists impairs synaptic plasticity in CA1 
hippocampal cells. It is well known that cholinergic 
activity in the prefrontal cortex and hippocampus is 
essential in regulating cognitive functions, including 
memory and learning. Some reports indicate that 
activation of the CB1-Rs may inhibit the release of 
acetylcholine in the human neocortex, leading to 
cholinergic system dysregulation and transmission 
in some cerebral regions, such as the hippocampus 
and neocortex, which could be associated with the 



1410     www.anesthesia-analgesia.org� ANESTHESIA & ANALGESIA

Cannabinoids and General Anesthetics

cognitive deficits observed in cannabis users after 
general anesthesia.96

Cannabinoids and Neuraxial Anesthesia. To date, 
there is a notable lack of clinical studies involving 
cannabis users undergoing neuraxial anesthesia. 
The existing evidence is insufficient to establish any 
pharmacological interaction between cannabis use 
and neuraxial anesthesia.

CONCLUSIONS
Cannabis legalization at the state level, as well as the 
use of medical cannabinoids, may continue to increase 
in the upcoming years. As a result, the chances of 
perioperative health care providers treating canna-
bis recreational or medical users in any surgical set-
ting will increase. Acute and chronic cannabinoid 
exposure results in pharmacological interactions 
with medications that are of everyday use during the 
perioperative period, such as opioids, inhalation, and 
intravenous anesthetics. Although the exact mecha-
nisms of drug interactions between cannabinoids, 
inhaled agents, intravenous anesthetics, and opioids 
during the perioperative period may not be well 
understood, the effects resulting from the interplay 
between cannabinoids and neuronal transmission 
and excitation at different levels of the nervous sys-
tem are unquestionable.

Outlining the results reported in clinical studies 
and case reports, the contradictions resulting from 
the pharmacological interactions between cannabi-
noids and anesthetic drugs in animals and humans 
are notable. All of the existing evidence in humans 
shows that an increase in anesthetic requirements 
for both inhalational agents and intravenous anes-
thetics dependent on GABAergic neurotransmission 
accompanies the presence of cannabinoids at the 
time of anesthesia. The opposite has been reported 
when cannabis users use NMDA receptor antago-
nist agents such as ketamine or N2O. CBs have 
been successful in treating chemotherapy-induced 
nausea and vomiting. Nonetheless, cannabis users 
undergoing general anesthesia may present PONV. 
Postoperative delirium, cognitive dysfunction, and 
alterations in recent and long-term memory and 
learning have also been described in cannabis users 
undergoing general anesthesia. No adverse events 
attributable to the interaction between CBs and neu-
romuscular relaxants and neuraxial anesthesia have 
been published in humans.

Most of the current clinical evidence about the 
interactions between CB and the drugs used in anes-
thesia is based on a few prospective and retrospective 
studies with small sample sizes, as well as clinical case 
reports; therefore, future research requires the design 
of prospective, randomized studies that allow these 

interactions and their perioperative consequences to 
be determined more accurately, retrospective cohort 
studies with data extracted from national databases 
that can provide more extensive clinical, epidemio-
logical information about the incidence of periopera-
tive outcomes of these interactions, and the design of 
practical clinical guidelines or consensus documents 
for the perioperative care of cannabis users since there 
is not sufficient evidence for guidelines. E
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