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Marijuana remains the commonest used illicit drug in the United
States according to the 2013 National Survey on Drug Use and Health,
particularly among youngsters [1]. In the survey, more than 10% of the
people aged 12 years and above reported marijuana use within the
prior one year [1]. Regular use of marijuana has been associated with
short and long term cognitive impairment, altered brain development,
proclivity for addiction, psychiatric manifestations to significant cardio-
vascular risk [2,3].

Delta 9-tetrahydrocannabinol (Δ9-THC) is the predominant psycho-
active compound that interacts with the endocannabinoid system
through CB1 and CB2 cannabinoid receptors distributed throughout
the body [4,5]. Interaction of Δ9-THC with these receptors has been
speculated to cause most of the downstream cardiac effects. CB1 recep-
torsmay affect myocardial contractility and CB2 receptors may regulate
post myocardial infarct inflammation [6,7]. THC is a partial agonist that
binds to CB1 and CB2 receptors with equal affinity. In comparison, syn-
thetic cannabinoids are full agonists with superior potency [8–10]. Use
of synthetic cannabinoids has come to prominence in recent years as
an alternative to marijuana due to its false marketing as being safe
and being synthesized using naturally occurring herbal psychoactives
[11]. It is sold under various names such as spice, K2, skunk, joker and
blackmamba. An important selling factor has been the fact that synthet-
ic marijuana evades routine drug screens. Synthetic cannabinoids are
currently classified under Schedule 1 controlled substances as per
Federal legislation.

Despite limited literature, experience with synthetic THC analogs
has been negative with several reported cases of adverse events includ-
ing death, psychosis and heart attacks [11–14]. We present the case of a
young adultwith chronicmarijuana use and occasional use of spicewho
presented with an acute myocardial infarction and a left ventricular
apical thrombus.

24-year-old male with no past history and family history presented
to the hospitalwith sub-sternal chest pain thatwoke himup from sleep.
Hehas a 10-pack year smoking history, with habitualmarijuana use and
recently used spice within the past week. He denies use of cocaine, am-
phetamines or other street drugs.

His initial electrocardiogram demonstrated normal sinus rhythm
with no evidence of any ischemic changes. However, his cardiac tropo-
nin levels were elevated which peaked at 9.5 ng/ml. Other blood tests
including basic metabolic panel, liver function tests and a lipid panel
were within normal limits. A urine drug screen was positive for canna-
binoids but negative for other drugs. A coronary angiogram revealed the
presence of a discrete 70% calcified lesion in the proximal left anterior
descending artery suspicious for thrombus and Thrombolysis in Myo-
cardial Infarction (TIMI) grade 2 flow in the vessel (Image A). Manual
thrombectomy was unsuccessful in dissoluting the thrombus and the
patient received a drug eluting stent at the site of the lesion with
re-establishment of TIMI grade 3 flow post percutaneous coronary
intervention.

A transthoracic echocardiogramwith contrast demonstrated normal
biventricular systolic function and the presence of a left ventricular api-
cal thrombuswith apical hypokinesis (Image B). The patientwas started
on therapeutic anticoagulation with an enoxaparin bridge to warfarin
and eventually discharged home.

The patient continued to follow closely with cardiology as outpa-
tient. Antithrombin III, prothrombin time, partial thromboplastin time,
fibrinogen, homocysteine, protein S, protein C, and plasminogen activa-
tor inhibitor-1 levels were in the normal range. Lupus anticoagulant,
factor V Leiden, and prothrombin G20210A tests were negative. The
patient denied further episodes of chest discomfort on follow-up and
quit cigarette smoking.

We believe that this is thefirst case in an adultwhere the use ofmar-
ijuana in addition to spice was associated with the development of a
non-ST elevation myocardial infarction (NSTEMI) and left ventricular
thrombus.

In the Determinants ofMyocardial InfarctionOnset Study,Mittleman
et al. showed that marijuana use was responsible for triggering heart
attacks [15]. They estimated a 4.8-fold increase in risk of myocardial
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infarction (MI) over baseline within the first hour after marijuana con-
sumption that rapidly decreased with time. Nawrot et al. performed a
comparative assessment and evaluated the relative impact of various
MI triggers. They found marijuana to be among the top three trigger
following cocaine and heavy meal consumption [16]. The overall effect
of THC on the cardiovascular system and its association with heart
attacks is likely related to activation of the sympathetic cascade with
simultaneous inhibition of parasympathetic activity [17]. This results
in increase in heart rate, supine blood pressure and cardiac output lead-
ing to an elevated myocardial oxygen demand but a simultaneous de-
crease in the oxygen carrying capacity of the blood due to production
of carboxyhemoglobin with smoking. Other potentially harmful cardio-
vascular effects reported include postural hypotension, altered periph-
eral vascular response, development of arteritis and vasoconstriction
[18–25]. A decrease in angina threshold measured by exercise time to
angina wasmore prominent following smoking a single marijuana ciga-
rette compared to a high nicotine cigarette [18]. Chronic users also have
an attenuated heart rate and rate pressure product compared to regular
users [26] and a rebound increase in blood pressure on cessation of use
[27]. Interestingly, a lot of the marijuana related literature dates back to
four decades ago when concentration of THC was several-fold lesser
compared to marijuana sold today and an additional dose related risk
cannot be ignored [28].

The effect of THC on platelets and coagulation is not well known.
Platelet membrane preparations have been shown to contain CB1 and

CB2 receptors, with conflicting evidence of THC induced platelet aggre-
gation [29,30]. In addition to its effect on the autonomic nervous system,
THC may result in inflammatory response within the coronaries
resulting in platelet activation, production of reactive oxygen species,
and increased factors VII activity causing endothelial damage and
thrombus formation with no significant coronary obstruction [31–33].
A study by Heiden et al. demonstrated that oral THC might be linked
to minimally elevated factor VII levels in the absence of clinically
demonstrable effects on coagulation in healthy males [34]. No clear
link between THC and thrombus formation has been demonstrated
clinically. Development of a left ventricular thrombus is more common
following anterior myocardial infarction with increased risk for
thrombo-embolic events, which may have been the etiology in our
patient [35].

Use of spice has also been linked to the development of ST-segment
elevation myocardial infarction (STEMI) in teenagers with no obstruc-
tive coronary artery disease on subsequent angiogram [12]. In another
case, a 56 year old man with pre-existing coronary artery disease had
a sudden cardiac arrest following use of spice [14].

JWH-018 was one of the active psychoactive components found in
spice initially. Since then, other THC analogs such as JWH-073, HU-
210, JWH-200, JWH-250, JWH-398, and JWH-081 have been synthe-
sized and marketed. Government prohibition of these analogs has
been challenging due to their interchangeable use [36] and the fact
that chemical analyses of synthetic marijuana products reveal more
than just one of these synthetic cannabinoids in a single mixture. Anal-
yses of the herbs yield variable results making it difficult to verify the
exact contents of the mixtures. Overall, the cardiovascular effects of
K2 are poorly documented and remain largely unknown.

In the year 2015 through September, the American Association of
Poison Control Centers had received 6310 reports of exposure to syn-
thetic cannabinoids compared to 2668 in 2013 and 3680 in 2014 [37].
In the United States, Pennsylvania received the 4th highest number of
synthetic cannabinoid related calls in 2015 following Mississippi, New
York and Texas. A rapid heart rate was among the commonest symp-
toms reported with use of these substances with more than 15 related
deaths already in the first five months of 2015.

Several cases of acute coronary syndromes associated with mari-
juana including STEMI have been reported in young patients with
minimal risk factors. As in our case, there may be a higher incidence
of angiographically demonstrated left anterior descending thombus
similar to prior reports [38,39]. Despite a lack of literature in this
regard, in most cases of MI it is hypothesized that the direct and in-
direct hemodynamic stressors discussed above and their interaction
with atherosclerotic plaques with down-stream plaque rupture and
thrombosis may be the causative event. A multifactorial approach
explains why marijuana may put patients at a higher risk for MIs,
which is further exacerbated with concurrent cigarette smoking
and use of other drugs such as cocaine and in the case of our patient
synthetic marijuana.

Though a specialized toxicology screen for synthetic cannabinoids
was not performed in our patient, smoking marijuana and K2 in close
proximity to his myocardial infarction were held responsible for the
event. It is vital to inquire regarding use of marijuana and synthetic an-
alogs during medical history in addition to counseling regarding re-
sponsible drug use and potential for abuse. Health care providers
should be on alert for drug-induced toxicities despite negative drug
screen and report suspicious cases. Education for parents, health care
workers, and adolescents about the potential health risks from using
these products is essential. Further research is needed to evaluate the
clinical effects of synthetic cannabinoids.

Conflict of interest

The authors report no conflict of interest.

ImageA.Coronary angiogramrevealing obstructive thrombus in theproximal left anterior
descending artery.

Image B. Apical 4-chamber view on 2D echocardiogram following intravenous definity
contrast demonstrating apical thrombus.
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