
 www.PRSGlobalOpen.com 1

Disclosure: The authors have no financial interest to declare 
in relation to the content of this article.

Reconstructive

From the *Department of Surgery, Dartmouth-Hitchcock Medical 
Center, Lebanon, N.H.; and †Geisel School of Medicine, Hanover, 
N.H.
Received for publication December 24, 2020; accepted January 4, 
2021.
Presented at the Vermont Chapter of the American College of 
Surgeons Annual Meeting 2020 (online) and at Plastic Surgery 
the Meeting 2020 (online).
Copyright © 2021 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000003448

INTRODUCTION
Cannabis use has become increasingly prevalent, with 

over 147 million users worldwide and 19.8 million current 
marijuana users in the United States alone.1,2 Cannabinoid 

receptors are involved in regulating pro-inflammatory 
cytokines, and over 500 chemical compounds contained in 
marijuana exert diverse physiologic effects.3–5 Cannabidiol, 
the active cannabinoid found in cannabis, has been 
reported to have anti-inflammatory, analgesic, antiemetic, 
and muscle relaxant effects. Some studies tout potential 
benefits of cannabidiol, whereas others caution about 
potential respiratory and cardiovascular complications.5–8 
As more patients use cannabis in various formulations and 
quantities, clinicians should recognize the implications of 
cannabis use in the perioperative period. Although the 
role of cannabis use in perioperative pain control has been 
explored, little is known about its effect on wound heal-
ing or on the pulmonary, hematologic, or cardiovascular 
systems. We conducted a comprehensive review of the 
literature to elucidate the effects of cannabis in the peri-
operative period, with a focus on wound healing, and on 
pulmonary, hematologic, and cardiovascular effects.
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Background: Cannabis use is increasingly prevalent. Cannabinoid receptors regulate 
pro-inflammatory cytokines, and compounds in marijuana exert diverse physiologic 
effects. As more patients use cannabis, clinicians should recognize implications of 
perioperative cannabis use. Although the role of cannabis use in perioperative pain 
control has been explored, little is known about its effect on perioperative wound 
healing or on hematologic, pulmonary, and cardiovascular physiology.
Methods: We searched PubMed for English-language articles related to cannabis 
(ie, marijuana, cannabidiol oil, and tetrahydrocannabinol) and wound healing, 
cardiovascular, pulmonary, or hematologic outcomes, and surgery. Titles and 
abstracts were reviewed, and relevant articles were analyzed. Human, animal, and 
pathology studies were included. Editorials, case reports, and review articles were 
excluded.
Results: In total, 2549 wound healing articles were identified; 5 human studies and 
8 animal/pathology studies were included. Results were conflicting. An estimated 
2900 articles related to cardiovascular effects were identified, of which 2 human 
studies were included, which showed tetrahydrocannabinol and marijuana caused 
tachycardia. A total of 142 studies regarding pulmonary effects were identified. 
Three human studies were included, which found no difference in respiratory 
complications. In total, 114 studies regarding hematologic effects were identified. 
The 3 included human studies found conflicting venous thromboembolism risks. 
The overall study quality was poor. Information about dose/duration, administra-
tion route, and follow-up was reported with variable completeness.
Conclusions: Surgeons should consider effects of cannabis in the perioperative 
setting. Little is known about its perioperative effects on wound healing, or on 
cardiovascular, pulmonary, and hematologic physiology. Further research should 
elucidate the effects of administration route, dose, and timing of cannabis use 
among surgical patients. (Plast Reconstr Surg Glob Open 2021;9:e3448; doi: 10.1097/
GOX.0000000000003448; Published online 15 March 2021.)
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METHODS
We searched the PubMed database for English-

language articles through April 2020 related to cannabis 
[ie, marijuana, cannabis, cannabidiol (CBD) oil, tetrahy-
drocannabinol (THC)] and wound healing, surgery, or 
pulmonary, hematologic, or cardiovascular effects. Titles 
and abstracts of identified articles were reviewed, and 
relevant articles analyzed. Human, animal, and pathol-
ogy studies were included and were assigned a level of 
evidence based on the “ASPS Evidence Rating Scale”9 
and “Scale for Grading Recommendations.”10 Editorials, 
review articles, and case reports were excluded. Articles 
that did not discuss physiologic effects specifically in the 
surgical or perioperative setting were excluded from for-
mal analysis. Included articles were categorized as related 
to wound healing, pulmonary pathophysiology, cardiovas-
cular pathophysiology, or hematologic pathophysiology, 
and each category was analyzed separately.

RESULTS
Review of the PubMed database identified 2549 arti-

cles related to wound healing, of which 5 human studies 
and 8 animal or pathology studies met the inclusion cri-
teria. There were 2900 English-language articles related 
to the cardiovascular effects of cannabis in the surgical 
patient, of which 2 studies from the same manuscript met 
the inclusion criteria. Among the 730 identified animal 
or pathology studies, 3 examined in vitro effects of can-
nabis on vasculature, though none involved surgical sub-
jects specifically. Review of the literature regarding the 
pulmonary effects of cannabis in surgical patients identi-
fied 142 studies in humans (of which 3 met the inclusion 
criteria), and 48 animal and pathology studies (of which 
none were eligible for inclusion). In total, 114 English-
language studies related to hematologic effects of canna-
bis in humans were identified, of which 3 were included. 
No animal or pathology studies met the inclusion crite-
ria. Diagrams of the search methodology for each area 
are depicted in Figures 1–4 and a summary of included 
articles is listed in Tables 1–4. Among all included stud-
ies, information about dose, duration of use, route of 
administration, outcome metrics, and follow-up were 
reported with variable completeness, and outcomes were 
conflicting.

DISCUSSION
According to the World Health Organization, canna-

bis abuse has increased faster than opiate and cocaine 
abuse, with the most rapid growth in North America, 
Western Europe, and Australia.2 The effects of cannabis in 
pain management have been studied extensively and are 
beyond the scope of this article. However, less is known 
about the effects of cannabis on perioperative wound 
healing and on pulmonary, cardiovascular, and hemato-
logic function.

Cannabis is a generic term that refers to the various 
formulations of the Cannabis sativa plant. Marijuana refers 
to the dried leaves, flowers, stems, or seeds of the Cannabis 
sativa plant and can be smoked, vaporized, or ingested. 

Marijuana contains hundreds of compounds, including 
varying quantities of the mind-altering chemical delta-
9-tetrahydrocannabinol (THC).1 Cannabidiol is another 
active ingredient in cannabis.11

In addition to the chemical formulation, the route of 
cannabis administration impacts its bioavailability and 
resultant physiologic and potential clinical effects in the 
perioperative period.12 The high lipophilicity of CBD may 
substantially alter the drug’s effects, with absorption vary-
ing from 20% to 30% and from 10% to 60% for the oral 
and inhalational route, respectively. Similarly, this may 
also cause increased absorption in the sebaceous glands 
when administered topically. For edible formulations, 
for instance, recent eating may impact absorption, while 
depth of inhalation, duration of inhalation, and vaporizer 
temperature may affect inhaled cannabinoid absorption.34 
THC is lipophilic and has an affinity for the brain and fatty 
tissues, which results in slow metabolization over time and 
a long half-life.12 This may be important when consider-
ing potential residual effects in the surgical patient. THC 
is primarily metabolized by the cytochrome P450 enzyme 
system, CYP2C9 and CYP2C19 via hydroxylation and oxi-
dation in the liver. THC is metabolized to 11-carboxy-THC 
and then glucuronide. Inhaled THC does not undergo 
first-pass metabolism by the liver and is instead rapidly 
absorbed via the bloodstream. Ingested forms may be 
absorbed through the gastrointestinal tract over an hour 
or more.13

Cannabinoids are compounds that are structurally sim-
ilar to THC and include plant cannabinoids, also known as 
phytocannabinoids, endocannabinoids, and the synthetic 
analogues of both groups.2,14 Cannabinoid receptors and 
their ligands together make up the endocannabinoid 
system.15 There are 2 known cannabinoid receptors in 
humans, CB1 and CB2. These G-coupled receptors are 
widely distributed throughout the body.16 CB1 recep-
tors are predominantly responsible for the analgesic 
effects of cannabis, whereas CB2 receptors exhibit anti-
inflammatory effects and modify cytokine release from 
immune cells, including interleukin-2 and interleukin-c, 
interleukin 1a and 1b, and tumor necrosis factor alpha 
(TNF-α).17,18 CB1 receptors are also coupled to various ion 
channels such as N-type and P/Q-type calcium channels 
and A-type and potassium channels.15

Synthetic cannabinoid receptor agonists can also have 
anti-histamine effects. Through manipulation of these 
inflammatory and cytokine pathways, cannabis has been 
hypothesized to decrease toll-like receptor activation,19 
decrease proliferation of cultured human epidermal 
keratinocytes, increase apoptotic reactions,20 and to have 
potential utility for treatment of inflammatory conditions 
such as acne vulgaris, encephalomyelitis, and multiple 
sclerosis.21

Beyond potential implications for wound healing, can-
nabis also affects the respiratory and cardiovascular sys-
tems. Pulmonary effects include increased airway edema 
and obstruction and reduced pulmonary function among 
cannabis users.7,19 In particular, chronic inhalational use is 
associated with injury of the tracheal and bronchial endo-
thelium, and generalized lung inflammation and impaired 
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respiratory defense against infection.2 Cardiovascular 
complications include myocardial ischemia, arrhythmia, 
asystole, and sudden death. Specifically, the risk of myocar-
dial infarction is elevated 5-fold in the hour after cannabis 
use.22 Additionally, vasomotor reflexes may be impaired by 
cannabis, which can increase a patient’s risk for postural 
dizziness, orthostatic hypotension, and syncope. Notably, 
these events sometimes occurred in patients without pre-
existing cardiovascular disease.8 Furthermore, cannabis 
users may suffer from withdrawal, anxiety, restlessness, 
irritability, depression, agitation, insomnia, changes in 
appetite, and weight loss in the perioperative period.5

These myriad physiologic effects may be exacerbated 
in the perioperative period. In clinical practice, many 
screening protocols fail to quantify cannabis use.35 Several 
in vitro studies suggest a dose-dependent effect of THC 
and other cannabinoids on cellular apoptosis and local 
inflammatory processes, such as COX-2 activation, cyto-
kine expression, and caspase-3 production.16,23 Given the 

widespread use of cannabis in the general population, it 
is critical that clinicians understand the potential implica-
tions of cannabis in the surgical patient.

Cannabis and Wound Healing
There were 4 human studies and 8 animal or pathol-

ogy studies related to wound healing that met inclusion 
criteria. The overall quality of these studies was poor and 
results were conflicting. Among animal and pathology 
studies, there were 4 studies of injected CBD or THC, 2 
of CBD-impregnated implants, 1 of inhaled THC, and 1 
of cultured THC application.24–31 In addition to the route 
of administration and formulation, the dose and fre-
quency of drug delivery varied among studies. Tissue types 
included oral/periodontal (2 studies), subcutaneous tis-
sue or skin grafts (3 studies), or bone (3 studies). Overall, 
4 studies showed improved wound or bone healing or 
skin graft take, whereas an equal number demonstrated 
impairment. Notably, in a study of 30 rats with titanium 

Fig. 1. Flow diagram of search methodology for wound healing effects of cannabis.
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bone implants treated with inhaled THC for 8 minutes 
daily for 60 days, 7 died due to respiratory failure.26

Among human studies, 2 suggested improvement 
in wound healing parameters with topical CBD, though 
the dose and duration varied between the 2 studies and 
among patients within studies. In one case series of 20 
patients with dermatologic wounds treated with topical 
CBD twice daily for 90 days, there was objective improve-
ment in skin hydration and elasticity, photographic 
improvement in wound appearance, and subjective symp-
tom relief.18 Observations in another small case series of 
3 patients suggested subjective improvement in open epi-
dermolysis bullosa wounds treated with varying frequency 
and duration of topical CBD ointment.6 Although these 
studies suggest improved wound healing with topical 
CBD, they are limited by small sample size and variable 
methodology. A third study of marijuana use among 434 
patients undergoing bariatric surgery showed no differ-
ence in postoperative infections between users versus non-
users, though the authors did not comment specifically on 

wound healing.6 Marijuana use was defined as smoking 
marijuana at least once monthly, which may not be a suf-
ficient dose to produce a beneficial or harmful effect on 
wound healing. Additionally, this study is limited by its ret-
rospective methodology and reliance on patient reported 
use, which may be subject to bias. In contrast, another 
large database review of 2,718,023 patients undergoing 
total knee arthroplasty identified an increased revision 
rate between marijuana users versus non-users (12.8% ver-
sus 9.1%, P < 0.001). Marijuana use was defined accord-
ing to the International Classification of Diseases, Ninth 
Revision code (ICD-9) documentation in the medical 
record; however, the frequency of use was not available. 
This study is also limited by retrospective design.32 Neither 
of these reviews included comments on whether patients 
were using other forms of cannabis in addition to inhaled 
marijuana.

In summary, few studies have examined the effects of 
cannabis use on wound healing, and results are conflict-
ing, with some suggesting cannabis may improve objective 

Fig. 2. Flow diagram of search methodology for cardiovascular effects of cannabis.
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and subjective metrics of wound healing, whereas others 
demonstrate impaired healing. Data are limited by wide 
heterogeneity in wound type; follow-up; and drug dose, 
route, and frequency of administration.

Cardiovascular Effects
Although there is an abundance of literature on the 

cardiovascular effects of cannabis, less has been pub-
lished on these effects in surgical patients. It is particularly 
important that surgeons be aware of a patient’s canna-
bis use preoperatively, as it is associated with premature 
cardiovascular aging, arterial stiffness, and alterations in 
microvascular integrity.33,34

Literature review identified no animal or pathology 
studies examining the effects of cannabis on the cardiovas-
cular system in the perioperative period. Two human stud-
ies examined the cardiovascular effects of cannabis use in 
patients undergoing oral surgery.35 In one study, 10 other-
wise healthy men with a history of marijuana use underwent 

dental extraction during four separate visits. Subjects were 
premedicated with either intravenous high-dose THC 
(0.044 mg/kg), low-dose THC 0.022 mg/kg, diazepam or 
placebo administered in random order over 4 consecutive 
weeks. Outcomes were compared with 5 nonsurgical con-
trols who received the higher THC dose. Heart rate and 
blood pressure was recorded every 2 minutes. Peak heart 
rate in patients who received high-dose THC was 34% 
higher (P < 0.05) than in controls. The authors attribute this 
to a possible synergistic effect of THC and surgical stress.

In the second study, 10 participants underwent molar 
extraction under general anesthesia. Five patients smoked 
marijuana within 72 hours of surgery, though the precise 
frequency, duration, and quantity of use were not recorded. 
Blood pressure, heart rate, respiratory rate, arterial blood 
gases, and electrocardiogram were recorded preopera-
tively, post-induction, at peak anesthetic, and post-anes-
thetic. The marijuana group had a mean peak heart rate 
of 64.8% above baseline, which did not return to baseline 

Fig. 3. Flow diagram of search methodology for pulmonary effects of cannabis.
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for 38 minutes, on average. In contrast, the non-marijuana 
group had a mean peak heart rate of 39% above baseline, 
which returned to normal within 19 minutes after anesthe-
sia (P < 0.05). These differences were attributed to drug 
interactions between marijuana and anesthetics. The clini-
cal implications of tachycardia were not explored in either 
study. It remains unclear whether these effects would be 
larger with more invasive procedures. Additionally, both 
studies are limited by small sample size.

Although not specific to the perioperative period, 
several studies have explored the cardiovascular effects 
of cannabis in its various forms. Data regarding the car-
diovascular effects of cannabis are conflicting. One study 
reported an increased incidence of acute ischemic stroke 
in patients using marijuana,31 whereas other studies found 
no significant association between long-term exposure 
and cardiovascular risk,36,37 and effects may vary with 
acute versus chronic use.38,39 As with the 2 human stud-
ies mentioned, tachycardia has been commonly observed 
with acute use, though this change appears to attenuate 
with chronic use.38,39 In in vitro studies, THC and other 
cannabinoids caused vasorelaxation in pre-constricted rat 

aortas, but these effects diminished after prolonged expo-
sure to synthetic cannabinoids (P < 0.05).40

A potential confounder in clinical practice and in 
several studies is the concurrent use of tobacco and can-
nabis, as 96% of ever tobacco smokers have also ever 
smoked marijuana.41 However, there is a potential addi-
tive effect of marijuana use with concurrent tobacco use, 
in terms of risk of cardiovascular disease.36 Although 
several studies adjusted for concurrent tobacco use and 
found no detrimental cardiovascular effects of mari-
juana,26 the inability to control for this is a limitation of 
other studies.37,41

In summary, there are limited data on the cardiovascu-
lar effects of marijuana in surgical patients. However, the 
few available studies suggest that cannabis use in various 
forms during the perioperative period may cause tachycar-
dia and increase the risk of arrhythmias and myocardial 
infarction.36 Although studies have shown that sustained 
intraoperative tachycardia is associated with worse surgical 
outcomes, further investigations are needed to clarify the 
clinical implications of tachycardia related to marijuana 
use in the perioperative period.42

Fig. 4. Flow diagram of search methodology for hematologic effects of cannabis.
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Pulmonary Effects
Much has been written about the acute and chronic 

pulmonary effects of marijuana use in the general popu-
lation, including reports of chronic bronchitis, impaired 
alveolar macrophage function, and higher rates of pul-
monary infection.43 Animal studies suggest that THC may 
cause respiratory depression via effects on the central ner-
vous system.44 However, little is known about these effects 
in surgical patients. Literature review identified only 3 
human studies and no animal or pathology studies that 
addressed the perioperative implications of these effects 
in the perioperative period.

Among human studies meeting inclusion criteria, 3 
retrospective cohort studies examined marijuana use.45–47 
In 1 study, the investigators examined the effect of any 

recreational drug use (based on ICD-9 codes) on periop-
erative outcomes among 50,976 patients who underwent 
lower extremity bypass grafting. When stratified by drug 
type, there was no difference in risk of pneumonia or respi-
ratory failure among marijuana users compared with non-
drug users (P = 0.36 and 0.59, respectively). This study is 
limited by reliance on ICD-9 coding in the electronic medi-
cal record and its inability to document the frequency of 
marijuana administration, which may impact outcomes. 
Additionally, the study focused on patients undergoing a 
single type of surgical procedure, but outcomes may differ 
in patients undergoing procedures of longer duration.45

A second retrospective cohort study of 27,206 patients 
compared perioperative complication rates between 
cannabis users versus non-users undergoing a variety of 

Table 2. Summary of Articles (Human Studies) Examining the Cardiovascular Effects of Cannabis in the Perioperative 
Period

Authors 
and Year Methods

Surgery/
Wound 
Type

Total No. 
Surgical 
Patients

Total 
No. 

Users Drug
Administra-
tion Route Dose Outcomes

Level of 
Evidence*

Gregg, 
1976

Double-blinded 
cohort study

Oral 10 10 THC Intravenous 0.022 mg/kg, 
0.044 mg/kg

Increased dose-dependent 
tachycardia. No difference 
in blood pressure change

Grade B 
(level II)

Gregg, 
1976

Retrospective 
cohort

Oral 10 5 Marijuana Inhaled Within 72 h  
of surgery

Increased tachycardia in the 
post-anesthetic period

Grade B 
(level II)

* Level of Evidence assigned based on the American Society of Plastic Surgeons Evidence Rating Scale and Scale for Grading Recommendations.
THC: Δ9-Tetrahydrocannibinol.

Table 3. Summary of Articles (Human Studies) Examining Pulmonary Effects of Cannabis in Perioperative Period

Authors  
and Year Methods

Surgery/ 
Wound Type

Total 
No. 

Subjects

Total 
No. 

Users Drug
Administration 

Route Dose Outcomes
Level of 

Evidence*

Dakour-
Aridi, 
2019

Retrospective database 
review based on 
ICD-9 codes

Lower  
extremity  
bypass grafts

50,976 372 Cannabis NR NR Increased graft complications.  
No difference in overall 
complications.

Grade C 
(level II)

Goel,  
2020

Retrospective database 
review based on 
ICD-9 codes

Various  
elective 
surgeries

27,206 13,603 Cannabis NR NR No difference in perioperative 
respiratory failure.

Grade C 
(level II)

Mohite, 
2017

Retrospective cohort 
study

Lung  
transplant

302 19 Cannabis NR NR No different in postoperative 
pulmonary function among 
lungs received from user 
versus non-user donors.

Grade C 
(level II)

*Level of Evidence assigned based on the American Society of Plastic Surgeons Evidence Rating Scale and Scale for Grading Recommendations.
ICD-9: International Classification of Diseases, Ninth Revision; NR: No t recorded. 

Table 4. Summary of Articles (Human Studies) Examining the Hematologic Effects of Cannabis in the Perioperative Period

Authors  
and Year Methods

Surgery/ 
Wound Type

Total No. 
Surgical 
Patients

Total 
No. 

Users Drug
Administration 

Route Dose Outcomes
Level of 

Evidence*

Dakour-
Aridi, 
2019

Retrospective  
database review 
based on  
ICD-9 codes

Lower  
extremity  
bypass grafts

50,976 372 Cannabis NR NR No difference in 
postoperative 
bleeding or VTE

Grade B 
(level II)

Shockcor, 
2020

Retrospective  
database review

Bariatric  
surgery

146 73 Cannabis NR NR No difference in 
postoperative 
bleeding or VTE

Grade B 
(level II)

Vakharia, 
2020

Retrospective  
database review 
based on  
ICD-9 codes

Total knee 
arthroplasty

18,388 3680 Cannabis NR NR Increased risk of 
VTE

Grade C 
(level II)

* Level of Evidence assigned based on the American Society of Plastic Surgeons Evidence Rating Scale and Scale for Grading Recommendations.
ICD-9: International Classification of Diseases, Ninth Revision; NR: not recorded; VTE: venous thromboembolism.



 Copeland-Halperin et al. • Cannabis Use and Surgery

9

elective surgeries, including cardiac, gynecologic, ortho-
pedic, and general surgery. There was no significant dif-
ference in the incidence of respiratory failure in cannabis 
users compared with non-users (OR = 0.91, CI 0.74–1.13, 
P = 0.396). Although this study examined patients under-
going a wide range of surgical procedures, it is limited by 
reliance on medical record review.46

A third study examined the effect of cannabis smoking in 
lung donors on the perioperative outcomes of the lung trans-
plant recipients. In total, 302 patients (19 cannabis users, 283 
non-users) were monitored for an average of 6 years after 
lung transplant. There were no significant differences in post-
operative pulmonary function testing, as measured by forced 
expiratory volume (FEV1) in patients who received lungs 
from cannabis users versus recipients of lungs from non-users. 
This study is limited by the small number of cannabis users 
and reliance on medical record documentation and family 
reports to determine whether donors were cannabis users.47

Overall, very few studies have examined the role of 
cannabis on pulmonary physiology. Animal and human 
studies in nonsurgical settings suggest that THC has det-
rimental effects on respiratory rate, tidal volume, CO2 
retention, and development of pneumonia or bronchi-
tis.48 Surprisingly, the few studies we identified examin-
ing the pulmonary effects of cannabis in surgical patients 
did not observe a difference in pulmonary outcomes. 
However, these are limited by retrospective methodology 
and small sample sizes. It remains unclear whether other 
formulations of cannabis, doses, or routes of administra-
tion would have different effects on pulmonary physiol-
ogy. Additional research is needed in this area to clarify 
the pulmonary effects of cannabis on surgical patients.

Hematologic Effects
Reports of in vitro and in vivo effects of cannabinoids 

on platelet activity are inconsistent. Although some dem-
onstrate that THC and CBD inhibit platelet aggregation in 
a dose-dependent manner,49 others suggest the opposite.50 
No animal or pathology studies met the inclusion criteria. 
Only 3 human studies met the inclusion criteria, and these 
were retrospective cohort studies with contradictory out-
comes. One study of bariatric patients found no difference 
in complications between cannabis users (n = 73) and non-
users (n = 73).51 Specifically, there was no difference in rates 
of bleeding or venous thromboembolism (VTE) (P = 0.154 
and 0.316, respectively) in this study with a small sample 
size. In a study examining outcomes in cannabis versus non-
users undergoing lower extremity bypass procedures (n = 
50,976), there was an increased incidence of vascular graft 
complications among cannabis users (P = 0.03). However, 
there was no difference in rates of deep vein thrombosis or 
pulmonary embolism (P = 1.00 and P = 0.44, respectively).45 
In contrast, Vakharia et al. found an increased rate of VTE 
and pulmonary embolism among cannabis users following 
total knee arthroplasty (P < 0.001, OR 1.58 and P < 0.01, OR 
1.58, respectively).52 Notably, all studies lacked data regard-
ing cannabis dosing, frequency, and administration route, 
as cannabis users were identified using ICD-9 coding. Given 
these conflicting outcomes and variable methodologies, 
additional research in this area is required.

CONCLUSIONS
As cannabis use has become increasingly prevalent, 

surgeons must be aware of its potential effects in the peri-
operative setting, particularly as these relate to wound 
healing and cardiovascular, pulmonary, and hematologic 
function. Several studies have explored the effects of 
cannabis on perioperative pain, but little is known about 
its effects on wound healing, or cardiovascular, pulmo-
nary, or hematologic physiology. Much of the literature 
examining the effects of cannabis is limited by inconsis-
tent formulation, route, and timing of administration. 
Further research is needed to elucidate the effects of 
route of administration (eg, topical, ingestible, inha-
lational), dose/duration, and timing of cannabis use 
among surgical patients, and other potential side effects 
of cannabis.

Joseph H. Shin, MD
Department of Surgery

Dartmouth-Hitchcock Medical Center
1 Medical Center Drive

Lebanon, NH 03756
E-mail: joseph.h.shin@hitchcock.org

REFERENCES
 1. National Institute on Drug Abuse. Marijuana drug facts. Published 

December 2019. Available at https://www.drugabuse.gov/publi-
cations/drugfacts/nationwide-trends. Accessed March 30, 2020.

 2. World Health Organization. Cannabis. Available at https://www.
who.int/substance_abuse/facts/cannabis/en/. Accessed April 
2, 2020.

 3. Ashton CH. Adverse effects of cannabis and cannabinoids. Br J 
Anaesth. 1999;83:637–649. 

 4. Tashkin DP. Cannabis smoking and the lung. In: Preedy VR, ed. 
Handbook of Cannabis and Related Pathologies. San Diego, Calif.: 
Academic Press; 2017:494–504.

 5. Beaulieu P. Anesthetic implications of recreational drug use. Can 
J Anaesth. 2017;64:1236–1264. 

 6. Bauer FL, Donahoo WT, Hollis HW Jr, et al. Marijuana’s influ-
ence on pain scores, initial weight loss, and other bariatric surgi-
cal outcomes. Perm J. 2018;22:18–002. 

 7. Jay AL. Reduced lung function and bullae resulting from illicit 
drug use. JAAPA. 2011;24:26–9, 33. 

 8. Menahem S. Cardiac asystole following cannabis (marijuana) 
usage—additional mechanism for sudden death? Forensic Sci Int. 
2013;233:e3–e5. 

 9. American Society of Plastic Surgeons. ASPS evidence rating 
scales. Available at https://www.plasticsurgery.org/documents/
medical-professionals/health-policy/evidence-practice/ASPS-
Rating-Scale-March-2011.pdf. Accessed November 8, 2020.

 10. American Society of Plastic Surgeons. ASPS scale for grading 
recommendations. Available at https://www.plasticsurgery.org/
documents/medical-professionals/health-policy/evidence-prac-
tice/ASPS-Scale-for-Grading-Recommendations.pdf. Accessed 
November 8, 2020.

 11. World Health Organization. Expert Committee on Drug Dependence. 
Thirty-ninth meeting: Agenda Item 5.2 Cannabidiol (CBD). November 
6-10, 2017 (Geneva):1–27.

 12. Klumpers LE, Thacker DL. A brief background on cannabis: 
From plant to medical indications. J AOAC Int. 2019;102:412–420. 

 13. Aronson JK. Cannabinoids. In: Aronson JK, ed. Meyler’s Side Effects 
of Drugs. 16th ed. Waltham, Mass.: Elsevier B.V.; 2016:48–70.

 14. Fraguas-Sánchez AI, Torres-Suárez AI. Medical use of cannabi-
noids. Drugs. 2018;78:1665–1703.

mailto:joseph.h.shin@hitchcock.org?subject=
https://www.drugabuse.gov/publications/drugfacts/nationwide-trends
https://www.drugabuse.gov/publications/drugfacts/nationwide-trends
https://www.who.int/substance_abuse/facts/cannabis/en/
https://www.who.int/substance_abuse/facts/cannabis/en/
https://doi.org/10.1093/bja/83.4.637
https://doi.org/10.1093/bja/83.4.637
https://doi.org/10.1007/s12630-017-0975-0
https://doi.org/10.1007/s12630-017-0975-0
https://doi.org/10.7812/TPP/18-002
https://doi.org/10.7812/TPP/18-002
https://doi.org/10.7812/TPP/18-002
https://doi.org/10.1097/01720610-201107000-00006
https://doi.org/10.1097/01720610-201107000-00006
https://doi.org/10.1016/j.forsciint.2013.10.007
https://doi.org/10.1016/j.forsciint.2013.10.007
https://doi.org/10.1016/j.forsciint.2013.10.007
https://www.plasticsurgery.org/documents/medical-professionals/health-policy/evidence-practice/ASPS-Rating-Scale-March-2011.pdf
https://www.plasticsurgery.org/documents/medical-professionals/health-policy/evidence-practice/ASPS-Rating-Scale-March-2011.pdf
https://www.plasticsurgery.org/documents/medical-professionals/health-policy/evidence-practice/ASPS-Rating-Scale-March-2011.pdf
https://www.plasticsurgery.org/documents/medical-professionals/health-policy/evidence-practice/ASPS-Scale-for-Grading-Recommendations.pdf
https://www.plasticsurgery.org/documents/medical-professionals/health-policy/evidence-practice/ASPS-Scale-for-Grading-Recommendations.pdf
https://www.plasticsurgery.org/documents/medical-professionals/health-policy/evidence-practice/ASPS-Scale-for-Grading-Recommendations.pdf
https://doi.org/10.5740/jaoacint.18-0208
https://doi.org/10.5740/jaoacint.18-0208


PRS Global Open • 2021

10

 15. Grotenhermen F. Pharmacokinetics and pharmacodynamics of 
cannabinoids. Clin Pharmacokinet. 2003;42:327–360. 

 16. Bakshi C, Barrett AM. Impact of recreational and medicinal 
marijuana on surgical patients: A review. Am J Surg. 2019;217: 
783–786. 

 17. Russo EB. Cannabinoids in the management of difficult to treat 
pain. Ther Clin Risk Manag. 2008;4:245–259. 

 18. Palmieri B, Laurino C, Vadalà M. A therapeutic effect of CBD-
enriched ointment in inflammatory skin diseases and cutaneous 
scars. Clin Ter. 2019;170:e93–e99. 

 19. Mallat A, Roberson J, Brock-Utne JG. Preoperative marijuana 
inhalation–an airway concern. Can J Anaesth. 1996;43:691–693. 

 20. Wilkinson JD, Williamson EM. Cannabinoids inhibit human 
keratinocyte proliferation through a non-CB1/CB2 mechanism 
and have a potential therapeutic value in the treatment of psoria-
sis. J Dermatol Sci. 2007;45:87–92. 

 21. Dvorak M, Watkinson A, McGlone F, et al. Histamine induced 
responses are attenuated by a cannabinoid receptor agonist in 
human skin. Inflamm Res. 2003;52:238–245. 

 22. Lee J, Sharma N, Kazi F, et al. Cannabis and myocardial infarc-
tion: Risk factors and pathogenetic insights. Scifed J Cardiol. 
2017;1:1000004.

 23. Couch DG, Maudslay H, Doleman B, et al. The use of cannabi-
noids in colitis: A systematic review and meta-analysis. Inflamm 
Bowel Dis. 2018;24:680–697. 

 24. Klein M, de Quadros De Bortolli J, Guimarães FS, et al. Effects of 
cannabidiol, a Cannabis sativa constituent, on oral wound heal-
ing process in rats: Clinical and histological evaluation. Phytother 
Res. 2018;32:2275–2281. 

 25. Liu C, Qi X, Alhabeil J, et al. Activation of cannabinoid recep-
tors promote periodontal cell adhesion and migration. J Clin 
Periodontol. 2019;46:1264–1272. 

 26. Nogueira-Filho Gda R, Cadide T, Rosa BT, et al. Cannabis 
sativa smoke inhalation decreases bone filling around titanium 
implants: A histomorphometric study in rats. Implant Dent. 
2008;17:461–470. 

 27. Kogan NM, Melamed E, Wasserman E, et al. Cannabidiol, a 
major non-psychotropic cannabis constituent enhances fracture 
healing and stimulates lysyl hydroxylase activity in osteoblasts. J 
Bone Miner Res. 2015;30:1905–1913. 

 28. Kamali A, Oryan A, Hosseini S, et al. Cannabidiol-loaded micro-
spheres incorporated into osteoconductive scaffold enhance mes-
enchymal stem cell recruitment and regeneration of critical-sized 
bone defects. Mater Sci Eng C Mater Biol Appl. 2019;101:64–75. 

 29. del Río C, Navarrete C, Collado JA, et al. The cannabinoid quinol 
VCE-004.8 alleviates bleomycin-induced scleroderma and exerts 
potent antifibrotic effects through peroxisome proliferator-acti-
vated receptor-γ and CB2 pathways. Sci Rep. 2016;6:21703. 

 30. Solinas M, Massi P, Cantelmo AR, et al. Cannabidiol inhib-
its angiogenesis by multiple mechanisms. Br J Pharmacol. 
2012;167:1218–1231. 

 31. Sido JM, Nagarkatti PS, Nagarkatti M. Δ9-Tetrahydrocannabinol 
attenuates allogeneic host-versus-graft response and delays skin 
graft rejection through activation of cannabinoid receptor 1 
and induction of myeloid-derived suppressor cells. J Leukoc Biol. 
2015;98:435–447. 

 32. Law TY, Kurowicki J, Rosas S, et al. Cannabis use increases risk for 
revision after total knee arthroplasty. J Long Term Eff Med Implants. 
2018;28:125–130. 

 33. Herning RI, Better WE, Tate K, et al. Marijuana abusers are at 
increased risk for stroke. Preliminary evidence from cerebrovas-
cular perfusion data. Ann N Y Acad Sci. 2001;939:413–415. 

 34. Mittleman MA, Lewis RA, Maclure M, et al. Triggering myocar-
dial infarction by marijuana. Circulation. 2001;103:2805–2809. 

 35. Gregg JM, Campbell RL, Levin KJ, et al. Cardiovascular effects 
of cannabinol during oral surgery. Anesth Analg. 1976;55: 
203–213. 

 36. Reis JP, Auer R, Bancks MP, et al. Cumulative lifetime marijuana 
use and incident cardiovascular disease in middle age: The coro-
nary artery risk development in young adults (CARDIA) study. 
Am J Public Health. 2017;107:601–606. 

 37. Reece AS, Norman A, Hulse GK. Cannabis exposure as an inter-
active cardiovascular risk factor and accelerant of organismal 
ageing: A longitudinal study. BMJ Open. 2016;6:e011891. 

 38. Ponto LL, O’Leary DS, Koeppel J, et al. Effect of acute marijuana 
on cardiovascular function and central nervous system pharma-
cokinetics of [(15)O]water: Effect in occasional and chronic 
users. J Clin Pharmacol. 2004;44:751–766. 

 39. Benowitz NL, Jones RT. Cardiovascular and metabolic consider-
ations in prolonged cannabinoid administration in man. J Clin 
Pharmacol. 1981;21(S1):214S–223S. 

 40. O’Sullivan SE, Kendall DA, Randall MD. The effects of Delta9-
tetrahydrocannabinol in rat mesenteric vasculature, and its inter-
actions with the endocannabinoid anandamide. Br J Pharmacol. 
2005;145:514–526. 

 41. Auer R, Sidney S, Goff D, et al. Lifetime marijuana use 
and subclinical atherosclerosis: The coronary artery risk 
development in young adults (CARDIA) study. Addiction. 
2018;113:845–856. 

 42. Reich DL, Bennett-Guerrero E, Bodian CA, et al. Intraoperative 
tachycardia and hypertension are independently associated with 
adverse outcome in noncardiac surgery of long duration. Anesth 
Analg. 2002;95:273–7, table of contents. 

 43. Tashkin DP. Marijuana and lung disease. Chest. 2018;154:653–663. 
 44. Doherty PA, McCarthy LE, Borison HL. Respiratory and cardio-

vascular depressant effects of nabilone, N-methyllevonantradol 
and delta 9-tetrahydrocannabinol in anesthetized cats. J 
Pharmacol Exp Ther. 1983;227:508–516.

 45. Dakour-Aridi H, Arora M, Nejim B, et al. Association between 
drug use and in-hospital outcomes after infrainguinal bypass for 
peripheral arterial occlusive disease. Ann Vasc Surg. 2019;58:122–
133.e4. 

 46. Goel A, McGuinness B, Jivraj NK, et al. Cannabis use disorder 
and perioperative outcomes in major elective surgeries: A retro-
spective cohort analysis. Anesthesiology. 2020;132:625–635. 

 47. Mohite PN, Zeriouh M, Sáez DG, et al. Influence of history of 
cannabis smoking in selected donors on the outcomes of lung 
transplantation. Eur J Cardiothorac Surg. 2017;51:142–147. 

 48. Malit LA, Johnstone RE, Bourke DI, et al. Intravenous delta9-
tetrahydrocannabinol: Effects of ventilatory control and cardio-
vascular dynamics. Anesthesiology. 1975;42:666–673.

 49. Formukong EA, Evans AT, Evans FJ. The inhibitory effects 
of cannabinoids, the active constituents of Cannabis sativa L. 
on human and rabbit platelet aggregation. J Pharm Pharmacol. 
1989;41:705–709. 

 50. Levy R, Livne A. Mode of action of hashish compounds in reduc-
ing blood platelet count. Biochem Pharmacol. 1976;25:359–360. 

 51. Shockcor N, Adnan SM, Siegel A, et al. Marijuana use does not 
affect the outcomes of bariatric surgery [epub ahead of print]. 
Surg Endosc. 2020. (E-pub ahead of print).

 52. Vakharia RM, Sodhi N, Anis HK, et al. Patients who have can-
nabis use disorder have higher rates of venous thromboemboli, 
readmission rates, and costs following primary total knee arthro-
plasty. J Arthroplasty. 2020;35:997–1002. 

https://doi.org/10.2165/00003088-200342040-00003
https://doi.org/10.2165/00003088-200342040-00003
https://doi.org/10.1016/j.amjsurg.2018.10.053
https://doi.org/10.1016/j.amjsurg.2018.10.053
https://doi.org/10.1016/j.amjsurg.2018.10.053
https://doi.org/10.2147/tcrm.s1928
https://doi.org/10.2147/tcrm.s1928
https://doi.org/10.7417/CT.2019.2116
https://doi.org/10.7417/CT.2019.2116
https://doi.org/10.7417/CT.2019.2116
https://doi.org/10.1007/BF03017953
https://doi.org/10.1007/BF03017953
https://doi.org/10.1016/j.jdermsci.2006.10.009
https://doi.org/10.1016/j.jdermsci.2006.10.009
https://doi.org/10.1016/j.jdermsci.2006.10.009
https://doi.org/10.1016/j.jdermsci.2006.10.009
https://doi.org/10.1007/s00011-003-1162-z
https://doi.org/10.1007/s00011-003-1162-z
https://doi.org/10.1007/s00011-003-1162-z
https://doi.org/10.1093/ibd/izy014
https://doi.org/10.1093/ibd/izy014
https://doi.org/10.1093/ibd/izy014
https://doi.org/10.1002/ptr.6165
https://doi.org/10.1002/ptr.6165
https://doi.org/10.1002/ptr.6165
https://doi.org/10.1002/ptr.6165
https://doi.org/10.1111/jcpe.13190
https://doi.org/10.1111/jcpe.13190
https://doi.org/10.1111/jcpe.13190
https://doi.org/10.1097/ID.0b013e31818c5a2a
https://doi.org/10.1097/ID.0b013e31818c5a2a
https://doi.org/10.1097/ID.0b013e31818c5a2a
https://doi.org/10.1097/ID.0b013e31818c5a2a
https://doi.org/10.1002/jbmr.2513
https://doi.org/10.1002/jbmr.2513
https://doi.org/10.1002/jbmr.2513
https://doi.org/10.1002/jbmr.2513
https://doi.org/10.1016/j.msec.2019.03.070
https://doi.org/10.1016/j.msec.2019.03.070
https://doi.org/10.1016/j.msec.2019.03.070
https://doi.org/10.1016/j.msec.2019.03.070
https://doi.org/10.1038/srep21703
https://doi.org/10.1038/srep21703
https://doi.org/10.1038/srep21703
https://doi.org/10.1038/srep21703
https://doi.org/10.1111/j.1476-5381.2012.02050.x
https://doi.org/10.1111/j.1476-5381.2012.02050.x
https://doi.org/10.1111/j.1476-5381.2012.02050.x
https://doi.org/10.1189/jlb.3A0115-030RR
https://doi.org/10.1189/jlb.3A0115-030RR
https://doi.org/10.1189/jlb.3A0115-030RR
https://doi.org/10.1189/jlb.3A0115-030RR
https://doi.org/10.1189/jlb.3A0115-030RR
https://doi.org/10.1615/JLongTermEffMedImplants.2018027401
https://doi.org/10.1615/JLongTermEffMedImplants.2018027401
https://doi.org/10.1615/JLongTermEffMedImplants.2018027401
https://doi.org/10.1111/j.1749-6632.2001.tb03652.x
https://doi.org/10.1111/j.1749-6632.2001.tb03652.x
https://doi.org/10.1111/j.1749-6632.2001.tb03652.x
https://doi.org/10.1161/01.cir.103.23.2805
https://doi.org/10.1161/01.cir.103.23.2805
https://doi.org/10.1213/00000539-197603000-00017
https://doi.org/10.1213/00000539-197603000-00017
https://doi.org/10.1213/00000539-197603000-00017
https://doi.org/10.2105/AJPH.2017.303654
https://doi.org/10.2105/AJPH.2017.303654
https://doi.org/10.2105/AJPH.2017.303654
https://doi.org/10.2105/AJPH.2017.303654
https://doi.org/10.1136/bmjopen-2016-011891
https://doi.org/10.1136/bmjopen-2016-011891
https://doi.org/10.1136/bmjopen-2016-011891
https://doi.org/10.1177/0091270004265699
https://doi.org/10.1177/0091270004265699
https://doi.org/10.1177/0091270004265699
https://doi.org/10.1177/0091270004265699
https://doi.org/10.1002/j.1552-4604.1981.tb02598.x
https://doi.org/10.1002/j.1552-4604.1981.tb02598.x
https://doi.org/10.1002/j.1552-4604.1981.tb02598.x
https://doi.org/10.1038/sj.bjp.0706218
https://doi.org/10.1038/sj.bjp.0706218
https://doi.org/10.1038/sj.bjp.0706218
https://doi.org/10.1038/sj.bjp.0706218
https://doi.org/10.1111/add.14110
https://doi.org/10.1111/add.14110
https://doi.org/10.1111/add.14110
https://doi.org/10.1111/add.14110
https://doi.org/10.1097/00000539-200208000-00003
https://doi.org/10.1097/00000539-200208000-00003
https://doi.org/10.1097/00000539-200208000-00003
https://doi.org/10.1097/00000539-200208000-00003
https://doi.org/10.1016/j.chest.2018.05.005
https://doi.org/10.1016/j.avsg.2018.12.070
https://doi.org/10.1016/j.avsg.2018.12.070
https://doi.org/10.1016/j.avsg.2018.12.070
https://doi.org/10.1016/j.avsg.2018.12.070
https://doi.org/10.1097/ALN.0000000000003067
https://doi.org/10.1097/ALN.0000000000003067
https://doi.org/10.1097/ALN.0000000000003067
https://doi.org/10.1093/ejcts/ezw255
https://doi.org/10.1093/ejcts/ezw255
https://doi.org/10.1093/ejcts/ezw255
https://doi.org/10.1111/j.2042-7158.1989.tb06345.x
https://doi.org/10.1111/j.2042-7158.1989.tb06345.x
https://doi.org/10.1111/j.2042-7158.1989.tb06345.x
https://doi.org/10.1111/j.2042-7158.1989.tb06345.x
https://doi.org/10.1016/0006-2952(76)90230-6
https://doi.org/10.1016/0006-2952(76)90230-6
https://doi.org/10.1007/s00464-020-07497-5
https://doi.org/10.1007/s00464-020-07497-5
https://doi.org/10.1007/s00464-020-07497-5
https://doi.org/10.1016/j.arth.2019.11.035
https://doi.org/10.1016/j.arth.2019.11.035
https://doi.org/10.1016/j.arth.2019.11.035
https://doi.org/10.1016/j.arth.2019.11.035

