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Excluding ethanol, cannabis is the most commonly used drug in the United States and worldwide. Several pub-
lished case series and reports have demonstrated an association between cannabis use and acute coronary syn-
drome (ACS). We report the first ever published case of ACS precipitated by cannabis use that was confirmed
with concomitant rising quantitative plasma levels of 11-nor-9-carboxy-A9-tetrahydrocannabinol, a secondary
metabolite of cannabis. A 63-year-old non-tobacco smoking male with no prior medical history presented to
the emergency department with chest pain immediately after smoking cannabis, and anterior ST-segment eleva-
tion pattern was observed on his electrocardiogram. He was taken to the cardiac catheterization lab for percuta-
neous coronary intervention (PCI) of his left anterior descending artery, whereupon he developed
hemodynamically significant accelerated idioventricular rhythm necessitating intra-aortic balloon pump place-
ment. He underwent two further PCI procedures during his inpatient stay and was discharged in improved con-
dition after eight days. Two sequential quantitative plasma cannabis metabolite assays at time of arrival then 6 h
later were 24 ng/mL then 39 ng/mL, an increase of 63%, which implicated the patient's acute cannabis use as a
precipitant of ACS. We also discuss the putative pharmacologic mechanisms behind cannabis use and ACS. Clini-
cians caring for patients using cannabis who have vascular disease and/or risk factors should be aware of this po-
tentially deleterious association, as cessation of cannabis use could be important for their cardiac rehabilitation

and long-term health.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Excluding ethanol, cannabis is the most commonly-used drug in the
United States and worldwide, and its rate of use is increasing as legaliza-
tion for recreational and medical use continues to spread according to
the 2018 United Nations World Drug Report [1]. Several case series
and reports have suggested a direct association between cannabis use
and acute coronary syndrome (ACS) [2-4]. Cannabinoid agonists such
as delta 9-tetrahydrocannabinol, the major psychoactive compound in
cannabis, interact with the endocannabinoid system via G protein-
coupled membrane receptors, CB1 and CB2, which are found through-
out the body. CB1 receptors are distributed within the central nervous
system and modulate autonomic signaling and allostasis, and these re-
ceptors are also located in the myocardium and vascular endothelium
[5,6]. Cannabis use most commonly results in tachycardia and hyperten-
sion through sympathetic nervous system activation and parasympa-
thetic nervous system inhibition, which is the primary mechanism

* Corresponding author at: Department of Emergency Medicine, PSSB 2100, U.C. Davis
Medical Center, 2315 Stockton Boulevard, Sacramento, CA 95817, United States of
America.

E-mail address: jrrichards@ucdavis.edu (J.R. Richards).

https://doi.org/10.1016/j.ajem.2019.02.017
0735-6757/© 2019 Elsevier Inc. All rights reserved.

thought to be responsible for its provocation of ACS through increased
myocardial oxygen demand [7,8]. We present a case of ACS precipitated
by acute cannabis use and characterized by rising quantitative cannabis
metabolite levels.

2. Case report

A 63-year-old male was brought to the emergency department (ED)
by ambulance after developing chest pain for 30 min. The patient stated
he had been sitting on a couch watching television and smoking
phytogenic cannabis just prior to the onset of chest pain. Prehospital
vital signs were: blood pressure 184/114 mmHg, pulse rate 84 beats/
min, respiratory rate 18 breaths/min, and pulse oximetry (Sp02) 93%.
During his 30-min transport time he received 325 mg of chewable aspi-
rin and two doses of 0.4 mg sublingual nitroglycerin, which mitigated
his chest pain from a 10/10 subjective pain scale to 7/10. An electrocar-
diogram was transmitted to the ED prior to arrival and demonstrated
ST-segment elevation in precordial leads V1-4 and ST-segment depres-
sions in lead II, III (Fig. 1A). The cardiac catheterization team was then
activated. Ten minutes later he arrived in the ED and was immediately
triaged to a treatment room and connected to continuous cardiovascu-
lar and pulse oximetry monitoring. Initial ED vital signs were: blood
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Fig. 1. Image A: Prehospital electrocardiogram performed en route to the emergency department demonstrates ST-segment elevation in leads V1-4 with reciprocal ST-segment
depressions in inferior leads II, I1I, and V6. Image B: Electrocardiogram performed shortly after arrival in the emergency department confirms earlier findings.

pressure 150/106 mmHg, pulse rate 73 beats/min, respiratory rate 20
breaths/min, temperature 35.1 °C, and Sp0O2 94% on room air. An elec-
trocardiogram was performed at this time (Fig. 1B) with findings similar
to the prehospital electrocardiogram.

Further questioning at this time revealed the patient had no past
medical or surgical history, and he denied tobacco or synthetic cannabi-
noid use. He stated he had not seen a physician in 30 years and had
never had his lipid profile measured. With regard to other cardiac risk
factors, there was no family history of coronary arterial disease, diabe-
tes, or hypertension, although he did admit to a sedentary lifestyle.
His height was 182 cm and weight was 113 kg, with a calculated body
mass index of 34. He denied lightheadedness, shortness of breath, syn-
cope, palpitations, or lower extremity edema. He admitted to
recreationally smoking a large cannabis “joint” just preceding the
onset of chest pain, and he described himself as an occasional cannabis
user. He obtained his cannabis supply from a well-established legal can-
nabis dispensary. He denied illicit stimulant or opioid use. He took no
prescribed or over-the-counter medications. Physical examination

revealed a slightly overweight, diaphoretic male in mild discomfort.
His heart and lung findings on auscultation were normal. He received
180 mg ticagrelor orally and an intravenous (IV) heparin bolus of
5000 units and 1000 units/h infusion was initiated prior to his transfer
to the cardiac catheterization suite. During the 20-min period he was
in the ED, a complete blood count, chemistry panel, coagulation panel,
troponin I, B-type natriuretic peptide (BNP), urinalysis, and qualitative
urine toxicology screen for stimulants, benzodiazepines and opioids,
were collected. As this qualitative screen did not include cannabis, a
quantitative plasma toxicology test for the cannabis metabolite 11-
nor-9-carboxy-A9-tetrahydrocannabinol was also obtained at this
time and 6 h later. Initial troponin [ was 17 ng/L (normal <40 ng/L)
and BNP was 23 pg/mL (normal <100 pg/mL). The other initial lab
tests were normal, including the qualitative urine toxicology screen.
The quantitative cannabis metabolite test was sent to an outside lab
for analysis.

During cardiac catheterization the patient remained hemodynami-
cally stable, and angiography revealed diffuse coronary arterial disease
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in the proximal (80% stenosis), mid- (90% stenosis), and distal (70% ste-
nosis) right coronary artery (RCA), and 40% stenosis of the right poste-
rior descending artery (Fig. 2). A large caliber left main artery was
encountered that bifurcated into the left anterior descending (LAD) ar-
tery with 80% stenosis and left circumflex artery with 50% stenosis. A
SYNERGY™ (Boston Scientific, Marlborough, Massachusetts, USA) 3.5
x 38 mm everolimus-eluting stent was placed in the proximal LAD. At
this point the patient developed an atypical and sustained accelerated
idioventricular ventricular rhythm (AIVR) for 30 min with mild hemo-
dynamic instability. Two sequential doses of adenosine at 12 mg and
18 mg IV were administered without effect. Lidocaine 100 mg IV and
amiodarone 300 mg IV were given followed by cardioversion with 150
joules then 200 joules. These measures were unsuccessful, and an
intra-aortic balloon pump (IABP) was placed via the right femoral artery
for hemodynamic support and increased coronary perfusion. The pa-
tient remained hemodynamically stable and just after completion of
the IABP placement the patient returned to normal sinus rhythm. A sec-
ond troponin I sent after the procedure was 24,314 ng/L.

The cardiothoracic surgery team was consulted and deemed the pa-
tient was better suited for complex percutaneous coronary intervention
(PCI) than bypass graft surgery for the remaining epicardial coronary ar-
tery disease. The patient then underwent two subsequent cardiac cath-
eterizations on hospital days two and five for placement of stents in his
mid-distal LAD and RCA, respectively. He was discharged in good condi-
tion on hospital day eight with prescriptions for carvedilol, lisinopril,
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atorvastatin, aspirin, ticagrelor and nitroglycerin. A few days after dis-
charge the quantitative cannabinoid metabolite assay for 11-nor-9-
carboxy-A9-tetrahydrocannabinol returned with the following results:
24 ng/mL then 39 ng/mL 6 h later, an increase of 63%. The patient
never returned to his scheduled follow-up appointments.

3. Discussion

The association of cannabis use and ACS has been well-documented
since the early 1970s [2-8]. Cannabis increases the risk of myocardial in-
farction nearly five times within 60 min after use and annual risk of an
acute cardiovascular event up to 3% [3]. The majority of reported cases
of cannabis-associated ACS are younger males without previous history
of coronary artery disease and normal coronary angiograms [3,4,9]. As
mentioned earlier, the activation of CB1 receptors within the myocar-
dium, vascular endothelium, and autonomic nervous system from can-
nabis use results in tachycardia and hypertension thus increasing
myocardial oxygen demand [4-7]. This may be further worsened if can-
nabis is smoked, which results in elevated levels of carboxyhemoglobin.
Smoking cannabis generates carboxyhemoglobin levels five times
higher than measured from smoking tobacco cigarettes [10].

The activation of CB1 receptors is pro-atherogenic, with downregu-
lation of Th1 immune response cells in atherosclerotic lesions [11]. Ex-
pression of CB1 receptors is higher in macrophages within advanced
atheromas of patients with unstable angina compared with those with

Fig. 2. Angiographic images from patient with acute thrombotic occlusion of the LAD artery. Images A and B represent pre-intervention angiograms in oblique projections (A: RAO 30
Caudal 30, B: LAO 40 Caudal 30). Both images demonstrate patent LM and LCx arteries. Noted is a high-grade (*) non-culprit lesion of the mid-LCx vessel. The pre-intervention
angiograms also show abrupt interruption in blood flow in the LAD shortly after its origin consistent with acute anterior STEMI. Post intervention angiograms (Images C and D) in the
same oblique projections demonstrate a recanalized LAD after treatment with balloon angioplasty and deployment of a single drug eluting stent. (LAD = left anterior descending; LAO
= left anterior oblique; LCx = left circumflex; LM = left main; RAD = right anterior oblique; STEMI = ST-elevation myocardial infarction).
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stable angina [12]. Other potential mechanisms include the cannabis-
induced angiotensin 1 receptor activation, creation of reactive oxygen
species, endothelial dysfunction, and regional coronary vasospasm
may result in ACS from coronary arterial occlusion and/or thrombosis
[6,9,13]. Cannabis-mediated activation of CB1 and CB2 receptors may
also lead to procoagulant effects, such as increased platelet membrane
glycoprotein IIb-Illa and P-selectin, lipopolysaccharide-stimulated tis-
sue factor protein expression in activated monocytes, and platelet acti-
vation [14-16]. Of note, there is evidence of cardioprotective effects of
cannabinoids in several animal studies; however these did not involve
smoked phytogenic cannabis, but instead oral and IV synthetic cannabi-
noids administered at low-doses [17]. Atrial and ventricular dysrhyth-
mias have been directly associated with cannabis use as well [18-20].
In our case, hemodynamically significant AIVR developed during PCI
that was refractory to pharmacologic and electrical cardioversion.

A unique aspect of this case was the rising 11-nor-9-carboxy-A9-
tetrahydrocannabinol levels over a span of 6 h. Delta-9-tetrahydrocan-
nabinol undergoes hepatic metabolization by cytochrome P450
complex-mediated microsomal hydroxylation and oxidation, and the
majority of cannabis is excreted within five days as hydroxylated and
carboxylated metabolites in feces and urine [21]. It is impossible to as-
certain acute versus chronic cannabis use from a single quantitative
plasma or urine metabolite analysis, and patient history may be subject
to recall bias regarding their actual cannabis use. The plasma half-life of
11-nor-9-carboxy-A9-tetrahydrocannabinol ranges from 4 to 12 h in
non-users to up to 4 days in chronic users of cannabis [22]. In a prospec-
tive study of non-chronic users of cannabis, smoking an average-size
cannabis cigarette containing 3.58% delta-9-tetrahydrocannabinol re-
sulted in an average peak plasma 11-nor-9-carboxy-A9-
tetrahydrocannabinol level of 46.7 ng/mL at 60 min and 28.8 ng/mL at
6 h [20]. In contrast, chronic users may have high levels of 11-nor-9-
carboxy-A9-tetrahydrocannabinol even days after abstinence, but at a
declining rate [22]. The acute 63% increase in nor-9-carboxy-A9-
tetrahydrocannabinol level observed in our patient over the time
frame of 6 h strongly suggests acute use of cannabis as the primary cul-
prit in precipitation of ACS. Other possibilities include an acute stress re-
sponse resulting in lipolysis with release of stored cannabinoids from
adipose cells in a chronic cannabis user.

4. Conclusion

Clinicians caring for patients using cannabis who have vascular dis-
ease and/or risk factors should be aware of the potentially deleterious
association between cannabis use and ACS, as cessation could be impor-
tant for their cardiac rehabilitation and long-term health.
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