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Abstract
Cocaine users represent an Emergency Department (ED) population that has been shown to be at
increased risk for ACS; however, there is controversy about whether this higher risk is mediated
through advanced atherosclerosis. Thus, we aimed to determine whether history of cocaine use is
associated with acute coronary syndrome (ACS) and coronary artery disease using coronary
computed tomography (CT). In this matched cohort study, we selected patients with a history of
cocaine use and age- and gender-matched controls from a large cohort of consecutive patients who
presented with acute chest pain to the ED. Coronary atherosclerotic plaque as detected by 64-slice
coronary CT was compared between the groups. Among 412 patients, 44 had a history of cocaine
use (9%) and were matched to 132 controls (mean age: 46±6 years, 86% male). History of cocaine
use was associated with a 6-fold higher risk for ACS (odds ratio: 5.79, 95%-confidence interval:
1.24–27.02, p=0.02), but was not associated with a higher prevalence of any plaque, calcified
plaque, or non-calcified plaque (p=1.0, p=1.0; and p=0.58, respectively) or the presence of
significant stenosis (p=0.09). History of cocaine use was also not associated with the extent of
any, calcified, or non-calcified plaque (p=0.67, p=0.30, and p=0.12, respectively). These
associations persisted after adjustment for other cardiovascular risk factors. In conclusion, among
ED patients presenting with acute chest pain, history of cocaine use is associated with an increase
in risk for ACS; however, this was not attributable to a higher presence or extent of coronary
atherosclerotic plaque.
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INTRODUCTION
Coronary multidetector computed tomography (MDCT) generates high quality images of the
coronary vasculature, enabling the detection of significant coronary artery stenosis with high
sensitivity and specificity (>90%) when compared to invasive coronary angiography.1

Additionally, MDCT has good agreement with intravascular ultrasound (IVUS) and can
qualitatively assess for the presence and extent coronary atherosclerotic plaque.2,3 The aim
of the present study was to determine whether the risk of acute coronary syndrome (ACS) in
patients who present to the emergency department (ED) with acute chest pain and a history
of cocaine use may be associated with the presence and extent of coronary artery disease
(CAD) when compared to age- and gender-matched controls.

METHODS
We performed a nested matched-cohort study within the “Rule Out Myocardial Ischemia
using Computed Assisted Tomography” (ROMICAT) study, which was designed to assess
the diagnostic utility of coronary MDCT in patients with acute chest pain but inconclusive
initial ED evaluation.3,4 In this prospective, double-blinded observational cohort study, we
enrolled consecutive adult patients presenting to the ED with acute chest pain but with no
ischemic electrocardiographic changes and negative initial serum biomarkers who were
awaiting admission to the hospital to rule out myocardial infarction. Exclusion criteria were
previously reported and mainly related to contrast administration (i.e. serum creatinine
greater than 1.3 mg/dl).4 In this substudy, we also excluded patients with prior history of
percutaneous coronary intervention with or without stent implantation and history of
coronary artery bypass graft. For this analysis, subjects who reported previous use of
cocaine were matched by age and gender at a 1:3 sampling ratio with subjects who did not
report previous cocaine use. All subjects successfully underwent coronary MDCT scanning
and were followed during index hospitalization for the occurrence of ACS. The study was
approved by our Institutional Review Board and all participants provided written informed
consent.

Cocaine users were defined as subjects with a self-reported and documented (medical chart
review) history of non-occasional (>3 time within 1 year) cocaine use.5–7 ACS was defined
by the occurrence of either acute myocardial infarction (ST-Elevation Myocardial Infarction
[STEMI] or Non-ST-Elevation Myocardial Infarction [NSTEMI]) or unstable angina
pectoris (UAP) according to the AHA/ACC/ESC guidelines.8 An expert panel consisting of
one cardiologist and one ED physician reviewed all patient data forms including
prospectively collected information on the chest pain history, demographics, cardiovascular
risk factors, medical history, and results of coronary biomarkers, electrocardiograms, and
other test performed during index hospitalization. The reviewers were blinded to the
findings of coronary CT angiography.

Covariates were assessed at the time of subject’s enrollment. Presence of cardiovascular risk
factors was established from actual measurements obtained during index hospitalization.
Hypertension was defined as systolic blood pressure of at least 140 mm Hg or diastolic
blood pressure of at least 90 mm Hg or current antihypertensive treatment. Diabetes mellitus
was defined as a fasting plasma glucose ≥126 mg/dL or treatment with a hypoglycemic
agent. Hyperlipidemia was defined as total cholesterol of ≥200 mg/dl or treatment with a
lipid lowering medication. Subjects were classified as smokers if they had smoked at least
one cigarette per day in the year prior to the study. Body mass index (BMI) was defined as
weight (kilograms) divided by the height squared (meters). Family history of CAD was
defined as having a first-degree relative with a documented history of myocardial infarction
(MI) or sudden coronary death (female <65 years or male <55 years).
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All MDCT imaging was performed with a 64-slice MDCT scanner (Sensation 64, Siemens
Medical Solutions, Forchheim, Germany) as described previously.4 In preparation for the
scan, all patients with a heart rate greater than 65 beats per minute received beta-blocker
therapy with intravenous metoprolol in 5 mg increments for a maximum of 25 mg, unless
contraindications were present. All image acquisitions were performed during a breath hold
in inspiration using standard image parameters.4 Contrast injection (Nycomed Amersham
GE-Healthcare Vispaque 300 mg I/mL) was administered at an injection rate of 5 mls per
second (mean volume 78±11 ml) with a delay calculated during the timing bolus scan. The
contrast injection was immediately followed by 40 ml of saline also at a rate of 5 ml per
second. Electrocardiogram-correlated tube current modulation was used to minimize
radiation exposure (resulting in an estimated effective dose of 6–11 mSv) whenever
possible. Overlapping transaxial images were reconstructed using a medium sharp
convolution kernel (B25f) with an image matrix of 512×512 pixels, slice thickness of 0.75
mm and increment of 0.4 mm using an ECG-gated half-scan algorithm with a resulting
temporal resolution 165 ms in the center of rotation. Image reconstruction was
retrospectively gated to the electrocardiogram. The position of the reconstruction window
within the coronary cycle was individually optimized to minimize motion artifacts.
Reconstructed MDCT data sets of all patients were transferred to an offline workstation
(Leonardo; Siemens Medical Solutions, Forchheim, Germany).

For the detection of CAD, the 17-segment model based on the American Heart Association
classification with the addition of the posterior left ventricular branch as segment 16 and the
ramus intermedius as segment 17 was used.9 Coronary atherosclerotic plaque was visually
classified as non-calcified and/or calcified plaque as described previously.3,10 Non-calcified
plaque was defined as any discernible structure that could be assigned to the coronary artery
wall that had the CT attenuation below the contrast-enhanced coronary lumen but above the
surrounding connective tissue/epicardial fat in at least two independent planes. Calcified
atherosclerotic plaque was identified as any structure with a CT attenuation of greater than
130 HU that could be visualized separately from the contrast-enhanced coronary lumen (see
Figure 1). Atherosclerotic plaque burden as measured by coronary MDCT was evaluated
based on: (1) presence of significant coronary stenosis (>50% luminal narrowing), (2)
presence of coronary atherosclerotic plaque (any, calcified, non-calcified), (3) extent of
coronary atherosclerotic plaque (as categorized by any, calcified, non-calcified) and
quantified by presence in each of the 17 segments (grade 0–17), (4) presence of proximal
plaque as defined by the presence of any plaque within proximal right coronary artery, left
main coronary artery, proximal left anterior descending coronary artery, or proximal
circumflex coronary artery, and (5) extent of proximal plaque was defined as the number of
proximal segments containing plaque. Two experienced CT readers, blinded to the clinical
history, performed the analysis in a joint reading. If a consensus could not be reached, a
third expert reader made the final diagnosis. This method has been demonstrated to be
highly reproducible (Cohen’s κ= 0.92 and 0.81).4

Descriptive statistics are provided as mean ± standard deviation for continuous and as
absolute and relative frequency for categorical variables. Clinical characteristics and CT
findings on the presence and extent of plaque and stenosis between the two groups were
compared using the Chi-square test for categorical variables and Student’s t-test or
Wilcoxon signed rank test for normally and non-normally distributed continuous variables,
respectively. To compare the extent of atherosclerotic plaque (all, calcified, and non-
calcified) between the two groups, we excluded subjects without any plaque. Multivariable
logistic regression analysis was performed to determine the independent association between
history of cocaine use and plaque or ACS after adjustment for potential confounders. The
models contained the cocaine variable as the dependent variable and the extent or presence
of plaque (any, calcified, or non-calcified) as covariates. Similarly, we modeled the
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association between history of cocaine use and ACS. Each of these models was adjusted for
the presence of hyperlipidemia, diabetes, smoking, and hypertension as a predefined set of
cardiovascular risk factors and subsequently for the extent of plaque and coronary stenosis.
A p-value of <0.05 was considered to be statistically significant. All analyses were
performed using SAS Version 9.1 (SAS Institute Inc., Cary, NC, USA).

RESULTS
Among the overall study cohort of 412 patients, 44 patients had a history of cocaine use,
who were predominantly younger males. Among them, 16 subjects (36%) reported
intravenous use and 8 subjects (18%) reported concomitant abuse of other drugs. These were
matched with 132 controls of similar age and gender. Patient demographics were detailed in
Table 1. Patients with history of cocaine had a similar prevalence of hypertension,
hyperlipidemia, diabetes mellitus, or serum level of low density and high density lipoprotein
(all p>0.14) when compared with controls. However, they were more likely to be present or
past smokers (p<0.001).

Patients with history of cocaine use had a significantly higher rate of ACS (14% vs. 2%,
p=0.008; Table 2). In contrast, history of cocaine use was not associated with higher
prevalence of any, calcified, or non-calcified plaque (p=1.0, p=1.0; and p=0.58,
respectively) as illustrated in Figure 2; or the extent of any, calcified or non-calcified plaque
(p=0.67, p=0.30, and p=0.12, respectively) as illustrated in Figure 3. In further analyses,
there were also no differences in the presence and extent of proximal plaque (p=0.59 and
p=0.70, respectively) between patients with a history of cocaine use and controls. Moreover,
the prevalence of significant coronary stenosis was not different between the groups
(p=0.09).

History of cocaine use was associated with a six-fold higher risk for ACS (odds ratio [OR]
5.79, 95%-confidence interval [CI]: 1.24–27.02; p=0.02) after adjustment for
hyperlipidemia, diabetes, smoking, and hypertension. This strong association persisted after
adjustment for the extent of calcified and non-calcified plaque and the presence of
significant stenosis (OR: 12.13, 95%-CI: 1.47–100.39; p=0.02; Figure 4).

Consistent with the univariate comparisons, there was no association between history of
cocaine use and the presence and extent of any of the plaque variables after adjustment for
hyperlipidemia, diabetes, smoking, and hypertension (all p>0.38).

DISCUSSION
In this study, we determined differences in ACS rate and atherosclerotic plaque burden as
detected by coronary CT between patients with a history of cocaine use and age- and
gender-matched controls. Our results indicate that among patients presenting with acute
chest pain, history of cocaine use is associated with a 6-fold increased in risk for ACS.
However, this difference cannot be explained with differences in the presence and extent of
coronary atherosclerotic plaque burden as detected by coronary CT.

Cocaine use is highly prevalent in patients who present with acute chest pain to the ED.11

Various effects of acute cardiovascular of cocaine are known.12 Cocaine has been associated
with an increase in heart rate and blood pressure in a dose-dependent fashion 13 and has a
vasoconstrictive effect, leading to endothelial dysfunction. 14,15 Further, cocaine has been
shown to enhance platelet aggregation 16 and thrombosis 17,18, and to promote transient
erythrocytosis.19 Cocaine therefore causes myocardial ischemia in a multifactorial fashion
that includes increased oxygen demand, decreased oxygen supply, and the induction of a
prothrombotic state.11
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While these pathophysiologic effects of cocaine have been well documented, the effect of
cocaine on the formation of atherosclerosis is more controversial. Experimental animal
studies suggest a potential relationship between cocaine effect and atherosclerosis due to
endothelial damage 20 and increased vascular permeability.21 Further, small autopsy studies
suggest that atherosclerotic plaque burden is high among cocaine users.22–24 Kolodgie et al.
found that 30 year old cocaine users already had significant coronary atherosclerosis.
However, due to lack of a control group, these studies limit causal interference.

Using coronary calcification as a marker of atherosclerosis in living patients, Lai et al.
reported a borderline significant association between cocaine use and extent of coronary
calcification among 197 intravenous drug users after adjustment for age and gender.25 In
contrast, Pletcher et al. did not detect and association between cocaine exposure and the
extent of coronary calcification among 3038 participants in the Coronary Artery Risk
Development in Young Adults (CARDIA) study.26 Our findings confirm these observations
and demonstrate no association between history of cocaine use and coronary calcification
(p=1.0 and p=0.30, for the presence and extent of CAP; respectively). However, our study
extends those observations to the presence and extent of non-calcified plaque. Non-calcified
plaque but not calcified is present in culprit lesions in patients with acute coronary
syndrome.27 We found that patients with a history of cocaine use had a similar presence and
extent of overall non-calcified plaque as compared to age and sex matched controls (39% vs.
33%; p=0.58 and 2.1±2 vs. 2.8±2; p=0.12; respectively).

Our study improves the understanding of the role of a history of cocaine use in ACS. First, it
is likely that cocaine may trigger ACS through other mechanisms than atherosclerosis.14

Although cocaine induces vasoconstriction in both normal and diseased segments of
coronary arteries, its effects are more pronounced in the diseased segments.14 As such,
previous observed associations between cocaine use and CAD are explained primarily by
the well-documented acute effect of cocaine.5,17 Second, coronary CT may not be helpful to
assess the incremental risk for ACS of patients with a history of cocaine use.

The results of our study are limited to patients with a history of cocaine use but cannot be
extended to subjects with acute cocaine consumption. Although validated as a method for
estimating plaque burden, our per-segment approach for overall plaque burden assessment
provides only a crude estimate of overall plaque burden and we did not study distinct plaque
characteristics by CT. However, quantitative CT assessment of coronary plaque has been
reported to have high inter-observer variability.28 Our study is limited by the sample size,
especially few ACS events and self-reported cocaine use. Thus, our findings need to be
replicated and extended in a larger study sample.
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Figure 1.
Coronary computed tomography of 56 year-old male with acute coronary syndrome and a
history of cocaine use demonstrating non-calcified, calcified plaque, and a significant
coronary stenosis. A: Maximum intense projection (MIP) image of the right coronary artery
with non-calcified plaque in the proximal portion (arrow) and a significant coronary stenosis
(>50% luminal narrowing) in the proximal segment of the vessel. B: Curved multiplanar
reformation of the left anterior descending coronary artery with calcified plaque in the mid
segment of the vessel. LV: left ventricle; RV: right ventricle.
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Figure 2.
Presence of any atherosclerotic plaque (any AP), calcified atherosclerotic plaque (CAP), and
non-calcified atherosclerotic plaque (NCAP) between patients with history of cocaine (white
bars) as compared to controls (grey bars).
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Figure 3.
Extent of coronary segments containing any atherosclerotic plaque (any AP), calcified
atherosclerotic plaque (CAP), and non-calcified atherosclerotic plaque (NCAP) between
patients with history of cocaine (white bars) as compared to controls (grey bars).
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Figure 4.
Forrest-plots demonstrating the association between different coronary atherosclerotic
plaque findings (extent of any atherosclerotic plaque [anyAP], calcified [CAP], and non-
calcified atherosclerotic plaque [NCAP], upper graph) and occurrence of acute coronary
syndrome (ACS, lower graph) with history of cocaine use. All associations were adjusted for
hypertension, hyperlipidemia, smoking and diabetes mellitus. * Further adjustment for the
extent of calcified and non-calcified plaque and presence of coronary stenosis.
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Table 1

Baseline characteristics of 176 patients with acute chest pain and demographic differences between patient
with history of cocaine use and matched controls. Patients with history of cocaine were more likely to be
current or past smokers (p<0.001). Hyperlipidemia was defined as total cholesterol of ≥200 mg/dl or treatment
with a lipid lowering medication.

Variable Total History of Cocaine No History of Cocaine P-Value

(n=176) (n=44) (n=132)

Age (years) 46.3±7 46.3±7 46.2±7 0.91

Men (%) 152 (86%) 38 (86%) 114 (86%) 1.0

Hypertension 56 (32%) 13 (30%) 43 (33%) 0.85

Hyperlipidemia* 58 (32%) 16 (36%) 42 (32%) 0.58

Diabetes mellitus 22 (13%) 8 (18%) 13 (10%) 0.19

Smoker 88 (50%) 32 (73%) 56 (42%) <0.001

Low-density lipoprotein (mg/dl) 113.1±4 106.8±3 115.1±3 0.21

High-density lipoprotein (mg/dl) 48.0±2 49.6±2 47.5±1 0.52
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Table 2

Prevalence of acute coronary syndrome and atherosclerotic plaque burden as assessed by coronary computed
tomography between subjects with history of cocaine use as compared to controls. Stenosis is defined as
>50% luminal narrowing. Any plaque includes the presence of any atherosclerotic plaque per patient.
Proximal Plaque includes the presence of any plaque within proximal right coronary artery, left main coronary
artery, proximal left anterior descending coronary artery, or proximal circumflex coronary artery.

Variable Total Cocaine History P-Value

Yes No

(n=176) (n=44) (n=132)

Acute Coronary Syndrome 9 (5%) 6 (14%) 3 (2%) 0.008

Coronary Stenosis 19 (11%) 8 (18%) 11 (8%) 0.09

Presence of coronary atherosclerotic plaque

Any Plaque 79 (45%) 20 (45%) 59 (45%) 1.0

Any Calcified Plaque 67 (38%) 17 (39%) 50 (38%) 1.0

Any Non-calcified Plaque 61 (35%) 17 (39%) 44 (33%) 0.58

Any Proximal Plaque 69 (39%) 19 (43%) 50 (38%) 0.59

Extent of coronary atherosclerotic plaque

Extent of any plaque 4.6±3.6 5.0±3.9 4.5±3.5 0.67

Extent of calcified plaque 4.5±3.5 5.2±3.6 4.3±3.5 0.30

Extent of non-calcified plaque 2.6±2.0 2.1±1.8 2.8±2.1 0.12

Extent of Proximal Plaque 1.7±1.2 1.9±1.1 1.6±1.2 0.70
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