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Summary
Background There is paucity of data regarding prevalence and key harms of non-medical cannabis use in surgical
patients. We investigated whether cannabis use in patients undergoing surgery or interventional procedures
patients was associated with a higher degree of post-procedural healthcare utilisation.

Methods 210,639 adults undergoing non-cardiac surgery between January 2008 and June 2020 at an academic
healthcare network in Massachusetts, USA, were included. The primary exposure was use of cannabis,
differentiated by reported ongoing non-medical use, self-identified during structured, preoperative nursing/
physician interviews, or diagnosis of cannabis use disorder based on International Classification of Diseases, 9th/
10th Revision, diagnostic codes. The main outcome measure was the requirement of advanced post-procedural
healthcare utilisation (unplanned intensive care unit admission, hospital re-admission or non-home discharge).

Findings 16,211 patients (7.7%) were identified as cannabis users. The prevalence of cannabis use increased from
4.9% in 2008 to 14.3% by 2020 (p < 0.001). Patients who consumed cannabis had higher rates of psychiatric
comorbidities (25.3 versus 16.8%; p < 0.001) and concomitant non-tobacco substance abuse (30.2 versus 7.0%;
p < 0.001). Compared to non-users, patients with a diagnosis of cannabis use disorder had higher odds of
requiring advanced post-procedural healthcare utilisation after adjusting for patient characteristics, concomitant
substance use and socioeconomic factors (aOR [adjusted odds ratio] 1.16; 95% CI 1.02–1.32). By contrast, patients
with ongoing non-medical cannabis use had lower odds of advanced post-procedural healthcare utilisation (aOR
0.87; 95% CI 0.81–0.92, compared to non-users).

Interpretation One in seven patients undergoing surgery or interventional procedures in 2020 reported cannabis
consumption. Differential effects on post-procedural healthcare utilisation were observed between patients with non-
medical cannabis use and cannabis use disorder.
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Research in context

Evidence before this study
To determine the paucity of research an extensive
literature research was performed on PubMed and
MEDLINE using key words including cannabis,
cannabinoids, marijuana, hospital length of stay,
readmission, non-home discharge and postoperative
complications. This search was conducted between
October 2021 and March 2022, identifying 88 articles. We
observed that there is paucity of data regarding prevalence
and key harms of non-medical cannabis use in surgical
patients. Previous studies were further restricted by
identifying cannabis users based on a diagnosis of cannabis
use disorder.

Added value of this study
The prevalence of cannabis use, identified from structured
nursing or physician interviews increased 2.5-fold between
2008 and 2020. In adjusted analyses, cannabis use disorder was
associated with higher odds of requiring advanced post-
procedural healthcare utilisation, while patients that consumed
cannabis for non-medical purposes were at lower risk.

Implications of all the available evidence
One in seven patients undergoing surgery or interventional
procedures in 2020 consumed cannabis. Physicians should
consider differential risks of requiring advanced post-
procedural healthcare utilisation between non-medical users
and patients with cannabis use disorder.
Introduction
Approximately 18% of the population in the United
States of America (USA) reported having used cannabis
at least once in 2019, including whole-plant cannabis or
specific compounds derived from the cannabis plant
such as cannabidiol, following an increasing trend over
the last decade.1,2 Between 2016 and 2018, up to 22.2%
of Massachusetts residents reported any prior cannabis
use for recreational or medical purposes.2,3 These trends
in Massachusetts and across the USA may have been
fueled by legislative changes throughout multiple states,
such as the legalisation of cannabinoids for medical
purposes in 2012, and of cannabis for recreational
purposes in 2016 in Massachusetts.4

In Canada, the prevalence of moderately-injured
drivers with elevated tetrahydrocannabinol levels on
presentation was more than doubled after the legal-
isation of recreational cannabis.5,6 There is limited data
on the prevalence and potential harms of legislative
changes on cannabis use in patients undergoing sur-
gery.7 Previous studies in non-surgical populations re-
ported that cannabis use is associated with an increased
risk of psychiatric diseases,8–13 neuropsychological
decline,14,15 along with adverse cardiovascular16 and ce-
rebrovascular events.17 These findings suggest that pa-
tients with an ongoing cannabis use constitute a
complex patient population, potentially requiring higher
levels of healthcare.

Little is known about healthcare utilisation in pa-
tients with cannabis use after surgery or interventional
procedures, where cannabis use has important addi-
tional clinical implications. Previous studies suggested
potential associations with anaesthetic drug use, post-
operative analgesics and pain control, as well as
antiemetic requirements.18–20 In addition, previous
studies in the perioperative setting were limited by
identifying cannabis users through International Clas-
sification of Diseases, 9th or 10th Revision, Clinical
Modification (ICD-9/10-CM) diagnostic codes of
cannabis use disorders, thereby likely not reflecting
“classic” non-medical cannabis users.16,17,21

In this study, we hypothesised that patients with
cannabis use have higher odds of requiring advanced
levels of healthcare after surgery, including unplanned
intensive care unit admission, readmission to the hos-
pital, or discharge to a post-acute care facility. We
hypothesised that this would differ between patients
with reported ongoing non-medical use and patients
with a cannabis use disorder. We also investigated
whether legislative changes in Massachusetts were
associated with an increased prevalence of cannabis use
among patients undergoing surgery or interventional
procedures.
Methods
Study design and population
In this hospital registry study, we analysed data from
patients undergoing non-cardiac surgery between
January 2008 and June 2020 at one academic teaching
hospital, Beth Israel Deaconess Medical Center
(BIDMC), in Boston, Massachusetts. De-identified data
from hospital information management systems con-
taining patient-, procedural-, and outcome-related data
were included (Supplemental Document, Section S1.1).

Adult patients (aged ≥18 years) with available infor-
mation from pre-admission or pre-procedural struc-
tured interviews before undergoing non-cardiac surgery
www.thelancet.com Vol 57 March, 2023
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were included. Patients undergoing transplant surgery
(these patients are routinely admitted to the intensive
care unit after surgery with higher rates of procedure-
related complications), patients with an American
Society of Anesthesiologists (ASA) physical status clas-
sification of V or higher (these patients are not expected
to survive without the procedure, or declared brain-
dead), and patients with preoperative intensive care
unit (ICU) admission (post-procedural admission to
the ICU is part of our primary outcome definition) were
excluded. Observations with missing information for
potential confounding variables were excluded and the
complete case method was used for the primary anal-
ysis. Further details are described in the Supplemental
Document, Section S1.2.

Ethics
This study was approved by the institutional review
board at BIDMC (Committee on Clinical Investigations,
protocol number: 2021P000946) with a waiver of
informed consent.

Primary analysis
Reported ongoing non-medical cannabis use was iden-
tified from routine, structured interviews held either
before hospital admission, or in-hospital before the
procedure. These interviews, during which nurses ask
for ongoing habits of drug use, but could also document
a range and frequency of use, as well as past use in a
comment, were designed based on and in accordance
with the American Society of Perianesthesia Nursing
(ASPAN) recommendations.22 Reported ongoing non-
medical cannabis use was defined as self-reported use
without a diagnosis of cannabis use disorder and
without prescriptions for medical cannabinoids.
Cannabis use disorder was identified through ICD-9/10-
CM diagnostic codes (Supplemental Document, Section
S1.3 and eTable 1). The primary exposure variable was
validated through chart review of an interdisciplinary
study team, as described in detail in the Supplemental
Document, Section S1.3.

We first explored whether the prevalence of cannabis
use in patients undergoing surgery increased after two
major legislative changes in Massachusetts: First, the
legalisation of cannabinoids for medical purposes in
November 2012, and second, the legalisation of
cannabis for recreational purposes in December 2016,
using an interrupted time series analysis (ITSA)
adjusted for potential changes in patient characteristics
including demographics, socioeconomic variables and
psychiatric disorders.

We then conducted the primary analysis to test the
research hypothesis that cannabis use, differentiated
into patients with a cannabis use disorder and patients
with reported ongoing non-medical cannabis use, is
associated with advanced post-procedural healthcare
utilisation using multivariable logistic regression
www.thelancet.com Vol 57 March, 2023
analyses. Advanced post-procedural healthcare uti-
lisation23 was defined as a composite outcome consisting
of non-home discharge (post-procedural discharge to a
skilled nursing home or long-term care facility),24–27 30-
day hospital readmission,28 or seven-day unplanned
ICU admission.29 Patients who died within the hospital
stay of the index procedure were considered as having
the outcome.25 Patients who were identified as not living
at home prior to their procedure were excluded from
this analysis. For all comparisons, patients that self-
identified as non-users were the reference group.

The a priori defined primary confounder model
included patient baseline characteristics, multiple so-
cioeconomic factors including estimated household in-
come,25,27 preoperative factors, as well as pre-existing
physical and psychiatric comorbidities, along with
concomitant substance use disorders. We also adjusted
the analysis for the year in which the procedure was
performed, the type of anaesthesia (general anaesthesia
or monitored anaesthesia care), duration of surgery, and
the Charlson Comorbidity Index. Confounding variables
that did not show a linear relationship with the outcome
were categorised into quintiles or clinically relevant
categories prior to inclusion in the confounder model.
Details related to the primary analysis and detailed in-
formation on confounding variables are provided in the
Supplemental Document, Section S2.
Secondary and exploratory analyses
In secondary analyses, we investigated the association of
a cannabis use disorder and reported ongoing non-
medical cannabis use with the individual components
of advanced post-procedural healthcare utilisation,
respectively.

With an exploratory intent, we aimed to determine
the association of cannabis use, differentiated into
cannabis use disorder and reported ongoing non-
medical cannabis use, with hospital length of stay as
well as hospital discharge against medical advice.

In a subset of patients with available data on non-
medical cannabis usage frequency, we investigated the
association of reported ongoing non-medical cannabis
use with our primary outcome based on self-disclosed
pattern and frequency of consumption, including
daily, weekly, and monthly use. We investigated miss-
ingness patterns for frequency of consumption to
ensure that missing data on cannabis use frequency
were distributed randomly within our cohort.

Lastly, we investigated the association of medical
cannabinoid use, compared to no use and to reported
ongoing non-medical cannabis use, with advanced post-
procedural healthcare utilisation. Medical cannabinoid
use was identified based on prescription charts derived
from our hospital prescription database. Details on
secondary and exploratory analyses are provided in the
Supplemental Document, Sections S3 and S4.
3

www.thelancet.com/digital-health


276,656       Patients who underwent non-cardiac surgery 
between 2008 and 2020 at Beth Israel Deaconess 
Medical Center

10,423         Excluded * 
39  ASA physical status classification

greater than IV
5,679  Transplant surgery 
4,890 Pre-interventional ICU admission

55,594        Excluded for missing data *
3 Sex

4,863 Body mass index
26,357  Ethnicity and race

2,730  Estimated household income 
182  Federal insurance

28,911  Marital status
1,086  Admission type 

852 Work relative value units
6,615 Tobacco use

210,639       Included in the primary analysis

266,233      Eligible for imputation

Fig. 1: Study flow diagram. ASA: American Society of Anesthesi-
ologists; ICU: Intensive Care Unit.
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Sensitivity analyses
To confirm the robustness of our findings, we per-
formed multiple sensitivity analyses, including (1)
multiple imputation of missing data for confounding
variables; (2) inverse probability of treatment weighting
(IPTW); and (3) additional adjustment for provider
variability as a random effect. Further, we performed (4)
effect modification analyses and (5) limited our defini-
tion of reported ongoing non-medical cannabis use to
self-reported consumption within the last 30 days. In
addition, we (6) assessed the potential impact of residual
confounding by calculating the E-values for our primary
analysis and (7) added additional markers of comor-
bidities, the Elixhauser Comorbidity Index30 and a
diagnosis of obsessive-compulsive disorder, to the
model. Rationale, details and results are described in
Section S5 in the Supplemental Document.

Statistical analysis
Primary and secondary analyses were performed with
a priori defined confounding factors, exposure and
outcome measures, and pre-specified statistical
methods. Exploratory and sensitivity analyses were
conducted post-hoc after the main results became avail-
able. Multivariable logistic regression models were used
to evaluate the relationships between cannabis use and
advanced post-procedural healthcare utilisation.
Adjusted odds ratios (aOR), adjusted risk differences
(aARD) and 95% confidence intervals (CI) are presented
for multivariable logistic regression models. Model
calibration of the primary model was evaluated by a
Hosmer–Lemeshow test and a reliability plot, which
analysed the agreement between the observed and esti-
mated outcomes. Model discrimination was evaluated
through the concordance c-statistic, which was equiva-
lent to the area under the receiver operating character-
istic curve. Newey–West ordinary least-square
regression ITSA was performed to investigate the as-
sociation between the legalisation of cannabinoids for
medical purposes in 2012, and of cannabis for recrea-
tional purposes in 2016 on the prevalence of cannabis
use, based on the assumption that the legalisation event
is expected to interrupt the trend subsequent to its
introduction. For the ITSA, treatment effects are re-
ported with 95% confidence intervals (CI). To assess
potential autocorrelation, a Cumby–Huizinga test was
applied, the optimal lag period was defined through
Akaike’s information criterion, Schwarz’s Bayesian in-
formation criterion, and the Hannan and Quinn infor-
mation criterion. Details are provided in the
Supplemental Document, Section S2.2eFigs. 1 and 2.
Throughout all analyses, a two-sided alpha of <0.05 was
considered statistically significant. Statistical analyses
were performed using Stata (Version 16, StataCorp LLC,
College Station, TX, USA) and R Statistical Software
(Version 4.1.2., Foundation for Statistical Computing,
Vienna, Austria).
Role of the funding source
This study was conducted with institutional funding.
Therefore, no funders had a role in study design, data
collection, data analyses, interpretation, or writing of the
report.
Results
Patients and characteristics
A total of 276,656 patients were considered for inclu-
sion. After the application of exclusion criteria and
exclusion of patients with missing data, the final study
cohort consisted of 210,639 patients (Fig. 1). 16,211
(7.7%) patients used cannabis prior to surgery, of which
14,045 (86.6%) were identified as non-medical cannabis
users, and 2166 (13.4%) had a diagnosis of cannabis use
disorder identified through ICD-9/10-CM diagnostic
codes. Patients who self-identified as cannabis users
were on average younger and more often male, more
likely to suffer from psychiatric comorbidities including
depression, anxiety and psychiatric as well as schizo-
affective disorders (Table 1). Substance use disorders
related to alcohol, cocaine, intravenous drugs, medica-
tions, and psychedelic drugs were more frequent in
patients who used cannabis. Further details on patient
demographics, socioeconomic factors, physical and
psychiatric comorbidities, pre- and intraoperative fac-
tors, along with concomitant substance use disorders
are provided in Table 1.

At the beginning of the study period, in 2008, the
prevalence of cannabis use was 4.9%, which over the
course of the whole study period increased to 14.3% in
2020 (Fig. 2). After legalisation of inhalational cannabis
for medical purposes, the prevalence of cannabis use
www.thelancet.com Vol 57 March, 2023
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No cannabis use
n = 194,428 n (%)

Recreational cannabis
use n = 14,045 n (%)

Cannabis use disorder
n = 2166 n (%)

Maximum absolute
standardised differencea

p-valueb

Demographics

Age, mean (SD), years 55 (15) 47 (15) 47 (14) 0.550 <0.001

Sex, female 114,839 (59.1) 5753 (41.0) 870 (40.2) 0.370 <0.001

BMI, mean (SD), kg/m2c 28.56 (6.84) 28.20 (6.70) 28.34 (7.11) 0.054 <0.001

Ethnicity and race 0.182 <0.001

White 141,988 (73.0) 10,683 (76.1) 1402 (64.7)

Asian 9515 (4.9) 104 (0.7) 6 (0.3)

Black 21,310 (11.0) 1879 (13.4) 510 (23.5)

Hispanic 11,587 (6.0) 625 (4.4) 173 (8.0)

Other 9800 (5.0) 722 (5.1) 74 (3.4)

Two or more 228 (0.1) 32 (0.2) 1 (0.0)

ASA physical statusd 0.368 <0.001

I 22,812 (11.7) 1874 (13.3) 109 (5.0)

II 100,454 (51.7) 7464 (53.1) 911 (42.1)

III 66,902 (34.4) 4519 (32.2) 1072 (49.5)

IV 4206 (2.2) 188 (1.3) 74 (3.4)

Socioeconomic factors

Federal insurance 57,749 (29.7) 3860 (27.5) 805 (37.2) 0.162 <0.001

Estimated household income, mean (SD), USDe 84,000 (64,000–110,000) 80,000 (58,000–97,000) 73,000 (55,000–94,000) 0.357 <0.001

Marital statusf 14,609 (7.5) 1157 (8.2) 177 (8.2) 0.027 0.004

Preoperative characteristics

Admission type 0.349 <0.001

Ambulatory 123,048 (63.3) 8919 (63.5) 1088 (50.2)

Inpatient 56,263 (28.9) 4122 (29.3) 659 (30.4)

Same-day admission 15,117 (7.8) 1004 (7.1) 419 (19.3)

Preoperative opioids 35,885 (18.5) 3589 (25.6) 766 (35.4) 0.376 <0.001

Surgical service 0.035 <0.001

Colorectal 5709 (2.9) 606 (4.3) 111 (5.1)

Dental, oral, ENT 6356 (3.3) 556 (4.0) 58 (2.7)

Ophthalmology 10,409 (5.4) 262 (1.9) 60 (2.8)

General surgery 24,900 (12.8) 1676 (11.9) 194 (9.0)

Gastroenterology 8755 (4.5) 808 (5.8) 224 (10.3)

Gynaecology 33,057 (17.0) 1861 (13.3) 267 (12.3)

Neurology 7002 (3.6) 726 (5.2) 111 (5.1)

Orthopaedics 41,160 (21.2) 3567 (25.4) 522 (24.1)

Plastic surgery 12,257 (6.3) 1068 (7.6) 126 (5.8)

Podiatry 5138 (2.6) 316 (2.2) 62 (2.9)

Surgical oncology 8724 (4.5) 412 (2.9) 50 (2.3)

Thoracic 9530 (4.9) 664 (4.7) 108 (5.0)

Trauma 3106 (1.6) 207 (1.5) 76 (3.5)

Urology 12,911 (6.6) 1038 (7.4) 114 (5.3)

Vascular 5414 (2.8) 278 (2.0) 83 (3.8)

Intraoperative characteristics

General anaesthesia 127,981 (65.8) 9919 (70.6) 1446 (66.8) 0.103 <0.001

Monitored anaesthesia care 66,447 (34.2) 4126 (29.4) 720 (33.2) 0.103 <0.001

Duration of surgery, median (IQR), minutes 89 (50–152) 96 (53–161) 88 (48–156) 0.054 <0.001

Work RVU, mean (SD) 8.49 (4.96–15.37) 8.20 (4.78–15.37) 7.39 (4.43–15.53) 0.011 <0.001

Physical comorbidities

Charlson comorbidity index 0 (0–2) 0 (0–2) 1 (0–4) 0.376 <0.001

Congestive heart failure 8329 (4.3) 371 (2.6) 128 (5.9) 0.091 <0.001

Atrial fibrillation 12,454 (6.4) 561 (4.0) 126 (5.8) 0.109 <0.001

Cancer 38,541 (19.8) 2378 (16.9) 428 (19.8) 0.075 <0.001

COPD 15,279 (7.9) 1097 (7.8) 343 (15.8) 0.249 <0.001

(Table 1 continues on next page)
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No cannabis use
n = 194,428 n (%)

Recreational cannabis
use n = 14,045 n (%)

Cannabis use disorder
n = 2166 n (%)

Maximum absolute
standardised differencea

p-valueb

(Continued from previous page)

Diabetes

With end-organ damage 11,052 (5.7) 555 (4.0) 220 (10.2) 0.171 <0.001

Without end-organ damage 24,698 (12.7) 1237 (8.8) 373 (17.2) 0.135 <0.001

Chronic liver disease 1744 (0.9) 210 (1.5) 85 (3.9) 0.195 <0.001

Chronic kidney disease 9964 (5.1) 491 (3.5) 219 (10.1) 0.194 <0.001

Anaemia 51,220 (26.3) 3199 (22.8) 991 (45.8) 0.418 <0.001

Psychiatric comorbidities

Anxiety 23,853 (12.3) 2394 (17.0) 812 (37.5) 0.600 <0.001

Depression 32,172 (16.5) 2982 (21.2) 1026 (47.4) 0.691 <0.001

Schizophrenia 655 (0.3) 62 (0.4) 32 (1.5) 0.120 <0.001

Psychosis 1844 (0.9) 138 (1.0) 100 (4.6) 0.224 <0.001

Schizoaffective disorder 538 (0.3) 65 (0.5) 32 (1.5) 0.127 <0.001

Concomitant substance use

Alcohol 5876 (3.0) 1155 (8.2) 420 (19.4) 0.521 <0.001

Cocaine 3446 (1.8) 1680 (12.0) 480 (22.2) 0.629 <0.001

IVDA 6824 (3.5) 1530 (10.9) 617 (28.5) 0.703 <0.001

Medications 1699 (0.9) 405 (2.9) 203 (9.4) 0.384 <0.001

Psychedelics 855 (0.4) 341 (2.4) 99 (4.6) 0.255 <0.001

Tobacco 86,556 (44.5) 9597 (68.3) 1767 (81.6) 0.794 <0.001

Medical cannabinoids 2182 (1.1) 495 (3.5) 171 (7.9) 0.320 <0.001

ASA, American Society of Anesthesiologists; BMI: body mass index; COPD, chronic obstructive pulmonary disease; ENT, ear, nose and throat; IQR, interquartile range; IVDA, intravenous drug abuse; SD,
standard deviation; USD, United States Dollar; Work RVU, work relative value units. aMaximum absolute standardised differences of potential confounding variables compared between groups. The
standardised difference is calculated as the mean of a variable between two groups divided by an estimate of the standard deviation of that variable. Absolute standardised differences are the standardised
differences as absolute values. The maximum absolute standardised difference across all pairwise comparisons of the exposure groups is presented. bP-values derived from ANOVA or Kruskal–Wallis tests for
continuous variables, and Pearson’s chi-square tests for binary and categorical variables. cCalculated as weight in kilograms divided by height in metres squared. dThe American Society of Anesthesiologists
(ASA) physical status classification was used to evaluate a patient’s physical state before undergoing anaesthesia or surgery. Current definitions include six categories (ASA I [healthy patient] to ASA VI
[patient with brain death]). eEstimated household income was obtained based on zip code data and the median household income in an area was calculated. fMarital status of patients, identifying those
living with a life partner.

Table 1: Patient characteristics by cannabis use.
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increased from 5.4% in 2012 to 8.0% by 2016 (absolute
increase by 0.3% per quarter; 95% CI 0.1–0.4;
p < 0.001). After legalisation for recreational purposes in
2016, this prevalence further increased to 14.3% in 2020
(absolute increase by 0.5% per quarter; 95% CI 0.3–0.7;
p < 0.001) (Fig. 3).

Primary analysis
A total of 24,516 patients (11.8%) required advanced
post-procedural healthcare utilisation after surgery,
among which 1465 patients self-identified as non-
medical cannabis users, 418 patients presented with
cannabis use disorder, and 22,633 patients had no re-
ported ongoing cannabis use. Compared to patients
who did not use cannabis, patients with a diagnosis of
cannabis use disorder had higher odds of requiring
advanced post-procedural healthcare utilisation (OR
1.87; 95% CI 1.67–2.08), which remained present after
adjustment for patient demographics, socioeconomic
factors, comorbidities, concomitant substance abuse,
and psychiatric disorders (aOR 1.16; 95% CI
1.02–1.32). By contrast, patients with reported ongoing
non-medical cannabis use had lower odds of advanced
post-procedural healthcare utilisation (OR 0.88; 95%
CI 0.84–0.94; aOR 0.87; 95% CI 0.81–0.92, compared
to non-users, respectively). Details regarding charac-
teristics and performance of the primary statistical
model are presented in the Supplemental Document,
Section S2.

Secondary and exploratory analyses
Among patients with a cannabis use disorder, we found
higher odds of 30-day hospital readmission (aOR 1.36;
95% CI 1.19–1.56), but a cannabis use disorder was not
associated with seven-day unplanned ICU admission
(aOR 0.87; 95% CI 0.66–1.14), and non-home discharge
(aOR 0.98; 95% CI 0.77–1.24), respectively, when
compared to non-users. By contrast, there were lower
odds of 30-day hospital readmission (aOR 0.88; 95% CI
0.81–0.94) and seven-day unplanned ICU admission
(aOR 0.85; 95% CI 0.75–0.96) among non-medical
cannabis users, respectively, while no association was
observed between reported ongoing non-medical
cannabis use and non-home discharge (aOR 0.90; 95%
CI 0.80–1.02, compared to patients without cannabis
use, respectively).
www.thelancet.com Vol 57 March, 2023
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Fig. 2: Prevalence of cannabis use in patients undergoing surgery
over time. The prevalence of non-medical cannabis use in patients
undergoing surgery over time (years on the x-axis) is shown. The
proportion of patients is displayed on the y-axis and is further
stratified by the type of use for reported ongoing non-medical
(green), and cannabis use disorder (grey). The legislative changes
in Massachusetts are highlighted with a vertical dashed line. The
reported ongoing non-medical use of cannabis has markedly
increased over time, whereas the proportion of patients with
cannabis use disorder has increased only marginally.
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In adjusted analyses and compared to non-users, we
observed an association between reported ongoing non-
medical cannabis use and a shorter hospital length of
stay (aARD −0.04 days; 95% CI −0.07 to 0.00 days).
There was no association between cannabis use disorder
Fig. 3: Change in cannabis use over time in patients undergoing
surgery in relation to two major legislative changes in Massa-
chusetts. The results from interrupted time series analysis, adjusted
for potential changes in patient demographics, socioeconomic vari-
ables, and schizoaffective disorders over time, are shown with the
years on the x-axis and the proportion of patients using non-medical
cannabis on the y-axis. After legalisation of cannabis for medical
purposes, the prevalence of cannabis use increased from 5.4% in
2012 to 8.0% by 2016 (absolute increase by 0.3% per quarter; 95% CI
0.1–0.4; p < 0.001). After legalisation for recreational purposes in
2016, this prevalence further increased to 14.3% in 2020 (absolute
increase by 0.5% per quarter; 95% CI 0.3–0.7; p < 0.001). A p-value
<0.05 was considered statistically significant.
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and duration of hospitalisation (aARD −0.04 days; 95%
CI −0.11 to 0.04 days), although patients with cannabis
use disorder had higher odds to leave the hospital
against medical advice, when compared to non-users
(aOR 5.14; 95% CI 2.24–11.81).

We found a frequency-dependent association of re-
ported ongoing non-medical cannabis consumption
with advanced post-procedural healthcare utilisation
(aOR 0.81; 95% CI 0.70–0.94 for daily, aOR 0.78; 95%
CI 0.66–0.92 for weekly, and aOR 0.73; 95% CI
0.57–0.94 for monthly cannabis use, compared to no-
users, respectively).

Upon investigation of medical cannabis use, we
observed that medical cannabinoid users had higher
odds of requiring advanced post-procedural healthcare
utilisation compared to non-users (aOR 1.24; 95% CI
1.11–1.38) and to non-medical cannabis users (aOR
1.43; 95% CI 1.26–1.62), respectively.

Sensitivity analyses
Our findings remained robust throughout multiple
sensitivity analyses including (1) multiple imputation of
missing data for confounding variables; (2) IPTW; (3)
additional adjustment for the care-providing anaes-
thesiologists as a random effect in a multivariable
mixed-effects regression model; as well as in (4) effect
modification analyses by the patient’s ASA physical
status and the Charlson Comorbidity Index, respec-
tively. Our results were further confirmed after (5)
redefinition of reported ongoing non-medical cannabis
use as self-reported consumption within the last 30
days, and (7) additional confounding adjustment. The
E-values (6) for our primary analysis were 1.6 (point
estimate) and 1.2 (confidence interval) for non-medical
cannabis use, and 1.6 (point estimate) and 1.4 (confi-
dence interval) for cannabis use disorder, implying that
considerable unmeasured confounding would be
needed to explain away the observed effect estimate.31,32

Details pertaining to the exploratory and sensitivity an-
alyses are presented in the Supplemental Document,
Sections S4 and S5, respectively.
Discussion
The prevalence of cannabis use in patients undergoing
surgery or interventional procedures in Massachusetts
almost tripled between 2008 and 2020. Cannabis users
had a higher complexity of comorbidities including
schizoaffective and concomitant substance use disor-
ders. When differentiating between types of use, pa-
tients with a diagnosed cannabis use disorder more
often required advanced levels of post-procedural
healthcare utilisation which was not the case for “sim-
ple” self-identified non-medical cannabis users. These
findings were robust in multiple sensitivity analyses.

Legislative changes in Massachusetts in 2012 and
2016 were associated with a strong increase in cannabis
7
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use among patients undergoing surgery, even when
adjusting for changes in underlying demographics,
types of procedures, and other patient characteristics
including socioeconomic factors. These findings indi-
cate that a state- and nationwide trend in non-healthcare
settings, along with non-surgical populations is reflected
in patients undergoing surgery.2,3,7 In our study, the
overall prevalence of cannabis use increased by an ab-
solute value of 9.4% from 2008 to 2020, where every
seventh patient was identified as cannabis user. This
trend was primarily driven by a strong increase in the
incidence of self-reported use in structured nursing and
physician interviews.

This observed prevalence in more recent years ex-
ceeds numbers reported in other studies. While this
might be related to nationwide differences in cannabis
consumption, previous studies relied primarily on ICD-
9/10-CM diagnostic codes to identify cannabis
users.16,17,33 Although diagnostic codes may identify pa-
tients with significant cannabis consumption, they
ignore more prevalent “simple” recreational cannabis
use. Therefore, our study adds to previous reports, by
estimating the prevalence of ongoing, self-reported non-
medical cannabis use based on structured pre-
admission and pre-procedural nursing and physician
interviews. Compared to patients identified through
ICD-9/10-CM diagnostic codes of a cannabis use dis-
order,17,33 this cohort represents a distinctively different
patient population of more general non-medical users.
Of note, the underlying structure of the interview
questionnaire, which is integrated into the electronic
healthcare record, did not change over the study period.

The use of cannabis has previously been linked to a
higher incidence of perioperative acute myocardial
infarction,17,34,35 but data regarding other peri- and
postoperative complications, such as hospital length of
stay, acute cerebrovascular events, and healthcare costs,
remain equivocal.33,36 In our study, we found a higher
level of post-procedural healthcare utilisation among
patients with a cannabis use disorder, which reflects
findings in non-surgical and surgical cohorts that pri-
marily identified cannabis use based on ICD-9/10-CM
diagnostic codes.16,17,21 Our adjusted analyses further
indicate that cannabis use disorder does not only iden-
tify more complex patients, but by itself is associated
with higher odds of healthcare utilisation independent
of a variety of comorbidities, socioeconomic factors, and
concomitant abuse of other substances. Differential
findings in patients who self-identified as ongoing non-
medical cannabis users without a diagnosis of use dis-
order strongly suggest that future studies need to
differentiate these two patient populations. Findings
based on the identification of cannabis use from ICD-9/
10-CM diagnostic codes might not be applicable to most
cannabis users.

Corroborating previous reports, we observed that
patients using cannabis were more likely to present with
concomitant substance use disorders related to alcohol,
nicotine and drugs including cocaine, intravenous
drugs, psychedelics and opioids, which corroborates
findings of previous studies.10–12,37–39

There was further a higher prevalence of psychiatric
disorders including anxiety and depression in
patients consuming cannabis.10,38,40–42 As these comor-
bidities have been associated with increased complica-
tions including arrhythmias and sudden cardiac death
after anaesthesia,43,44 a history of cannabis use disorder
use might serve as an indicator of potentially compli-
cating factors for patients undergoing anaesthesia that
in turn contribute to the requirement of higher level
healthcare utilisation after surgery.

Our data help inform clinicians and policymakers
that reflecting trends in the general population,
cannabis use is very common among patients under-
going surgery or interventional procedures. Clinicians
should take into consideration how different purposes
of cannabis use might represent different patient pop-
ulations, which may in turn translate into distinguished
perioperative risk profiles. Our findings should inform
future studies that aim to differentiate the role of
cannabis use in perioperative medicine.

Limitations of our study arise from its retrospective
design. Although the large cohort size allowed for an
extensive confounder control and multiple sensitivity
analyses confirmed the robustness of our results, re-
sidual confounding cannot be entirely excluded, as
fundamental inter-group differences in patient charac-
teristics need to be anticipated. Further, while we were
able to control for a variety of demographics, socioeco-
nomic factors, comorbidities and procedural character-
istics, the selection of confounding variables was limited
by the availability of electronically stored data. The data
analysed in this study were collected in a limited
geographical region in the USA, which may limit gen-
eralisability to other settings, especially with regards to
temporal changes in the prevalence of self-reported
cannabis use. While trends in our academic institution
reflect underlying changes in the general population,1

our findings should be verified in different scenarios,
including non-academic institutions in- and outside of
Massachusetts, to enhance the representativeness of our
data. Further, while allowing control for many con-
founding factors as well as trends over time, interrupted
time series analysis as used in our study carries inherent
limitations in establishing causal inferences. Although
unlikely, we cannot fully exclude that unmeasured
confounding, or changes in willingness to report
cannabis use over time contributed to our findings. In
contrast to previous retrospective studies, we combined
different data sources to include a variety of cannabis
users consisting of self-identified cannabis use or diag-
nosed cannabis use disorder, and patients based on
ICD-9/10-CM diagnostic codes involving cannabis use
disorder. Our study may also contain reporting bias, as
www.thelancet.com Vol 57 March, 2023
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patients might not disclose cannabis use during the
interviews, resulting in exclusion of patients who would
qualify for the diagnosis of active cannabis use.

In summary, the prevalence of cannabis use in pa-
tients undergoing surgery in Massachusetts markedly
increased following legislative changes to every seventh
patient being identified as cannabis user. A disorder of
cannabis use identifies patients at risk of requiring
higher levels of post-procedural healthcare including
intensive care unit admission, readmission and non-
home discharge, while a lower risk was observed
among patients with ongoing non-medical cannabis
use.
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