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Abstract
Coronary artery disease (CAD) is increasingly recognized as an important contributor to morbidity
and mortality among persons living with HIV infection. Traditional cardiovascular disease risk
factors as well as aspects of HIV infection and its therapy contribute to the increased CAD
observed in HIV. Advances in non-invasive imaging methodologies in both computed tomography
and magnetic resonance imaging provide opportunities to evaluate coronary artery atherosclerosis
in ways not possible by conventional invasive x-ray angiography. Application of these techniques
may prove very useful in the study of atherosclerosis in many diseases such as HIV.

Cardiovascular Disease in HIV
Despite clear indications of dramatic declines in all cause mortality following the
introduction of potent combination antiretroviral therapy for HIV-infected adults (1),
myocardial infarction (MI) is increased in HIV-infected patients compared to the general
population (2) and seen in association with increased exposure to antiretroviral therapy (3).
The etiology of the increased risk of cardiovascular disease is most likely multifactorial and
numerous investigations have been aimed to identify and modify potential risk factors.

Protease inhibitor medications, which were first introduced in the mid-1990’s, are frequently
associated with dyslipidemia including elevations in triglycerides as well as total cholesterol
(4). The prospective multinational Data Collection on Adverse Events of Anti-HIV Drugs
(D.A.D.) Study Group identified a relative rate of MI of 1.16 (95% CI 1.10–1.23) for each
year of protease inhibitor therapy when adjusted for exposure to other antiretroviral drug
classes and non-lipid traditional cardiovascular disease risk factors. When analyses were
adjusted for lipid levels, the attributable risk to protease inhibitor use was reduced but
remained a significant risk factor for MI (RR 1.10, 95% CI 1.04–1.18). Once sufficient data
were available, subsequent analyses in this same cohort looking at individual medications in
various drug classes demonstrated that not all protease inhibitors and that the non-nucleoside
reverse transcriptase inhibitors nevirapine and efavirenz were not associated with increased
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risk of MI (5). Investigation also identified an increased risk of MI with recent exposure to
the nucleoside reverse transcriptase inhibitors didanosine and abacavir (6), with evidence of
a potential cumulative effect of abacavir exposure (5).

The mechanism by which abacavir conveys this increased cardiovascular risk remains under
investigation. Hsue and colleagues identified abacavir use as a risk factor for decreased
brachial artery flow mediated dilation, a marker of impaired endothelial function (7). The
SMART trial, which evaluated continuous antiviral therapy versus CD4 guided intermittent
therapy, identified an increased risk of cardiovascular disease (CVD) events among the
HIV-infected participants assigned to continuous viral suppression who were receiving
abacavir compared to those not on abacavir(8). In this analysis, baseline levels of the
serological biomarkers of inflammation, C-reactive protein and interleukin-6, were also
increased in participants on abacavir compared to those on other nucleoside reverse
transcriptase inhibitors. However, in a randomized open-label trial in which HIV-infected
subjects were assigned either abacavir/lamivudine or tenofovir/emtricitabine as their
nucleoside reverse transcriptase inhibitors, there was no difference in the change in multiple
serologic markers of inflammation, thrombosis or endothelial function between the two
groups after 12 weeks of therapy. Further investigation is needed to fully understand the
influence antiretroviral agents exert on the risk and development of CVD in HIV.

The SMART trial also provided compelling evidence that unsuppressed HIV viral
replication and accompanying inflammation may increase the risk of cardiovascular
disease(9). In this prospective trial of 5472 HIV-infected patients with a CD4 count above
350 cells/mm3 randomized to either continuous antiretroviral therapy or intermittent CD4
count guided therapy, there were 79 composite CVD events with a trend towards a
significant increased risk among those in the intermittent therapy arm [HR 1.57 (95% CI
1.00–2.46, p=0.05)] . In a subsequent nested-case control study investigating biomarkers of
inflammation and thrombosis, baseline elevations in C-reactive protein, interleukin-6 and D-
dimer were predictive of all cause mortality (10). While increased levels of IL-6 and D-
dimer correlated with increases in HIV viral load, the pathophysiologic link to
atherosclerosis and cardiovascular events for these biomarkers in HIV is under investigation.

There is increasing evidence that HIV infection is associated with increased atherosclerotic
burden. For example, HIV infection was associated with increased carotid intima media
thickness, a surrogate for coronary artery disease and a marker of increased risk of MI and
stroke in the general population(11), in a meta-analysis of over 5456 HIVinfected and 3600
control subjects(12). Utilizing autopsy specimens, Micheletti et al., evaluated coronary
artery disease in 66 HIV-infected patients who died of advanced of AIDS under the age of
55 years between 2001 and 2006 and compared them to 19 HIVuninfected controls who
died at a similar age of non-coronary arteries disease(13). Thirty percent of individuals with
HIV had 50% or greater stenosis in 3 vessels compared with 10.5% of controls and there
was an increased lipid content in the plaque of those with HIV infection. These data
compliment the observations of Lo and colleagues who directly measured coronary artery
plaque burden using CT angiography in 78 HIVinfected asymptomatic men without a
history of CVD and 32 uninfected healthy controls (14). HIV-infected men had significantly
higher plaque volume and a greater number of coronary artery segments with plaque
compared to controls. In addition to traditional risk factors such as age, Framingham risk
score and total cholesterol, both duration of HIV infection and lower CD4/CD8 ratio were
associated with increased plaque volume in HIV, suggesting a role for HIV and immune
activation in atherosclerosis in this population.

It is important to recognize that traditional CVD risk factors play a significant role in the
coronary artery disease of patients with HIV. Diabetes, smoking, hyperlipidemia and
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hypertension were shown to increase the risk of MI in large cohort and retrospective case
control studies in HIV (2, 15). In addition to smoking, a substantial history of cocaine use
has been associated with acute myocardial infarction. The mechanism for acute MI with
cocaine use, however, is not thought be related to increased coronary atherosclerosis(16). In
a study of 165 HIV-infected African American adults without known cardiovascular disease
or hypertension, Lai and colleagues (17) used CT angiography to assess coronary artery
calcification and stenosis and its relationship to cocaine abuse. This study revealed that
long-term cocaine use was independently associated with significant coronary artery
stenosis (adjusted odds ratio, 7.75; 95% CI 2.26–31.2) in addition to an observed association
with exposure to antiretroviral therapy for 6 or more months.

Non-invasive surrogate markers and direct imaging studies that allow quantification of
coronary artery disease burden will greatly enhance our ability to understand the
pathophysiologic mechanisms of coronary artery disease in HIV and to identify, prevent,
and treat cardiovascular disease in these patients.

Advances in Coronary Artery Imaging
Non-invasive coronary imaging has allowed for the early detection of atherosclerosis in
patients with HIV by utilizing the advances in both CT(14) and Magnetic Resonance
Imaging (MRI) (18) technologies. For many years such a coronary assessment was possible
only through invasive and selective X-ray coronary angiography. Such methods require the
use of catheters that are introduced in the peripheral arterial system and advanced in the
aorta to reach the origins of the coronary arteries for selective contrast injections. However,
the success of this method has been attributed mainly to the high spatial resolution of 0.2–
0.25 mm and temporal resolution of 33msec provided by conventional X-ray fluoroscopy.
This allows for imaging of these relatively small vessels, in the order of 2–4mm in diameter,
that are constantly moving due to combined, complex respiration and cardiac motion.
Conventional X-ray angiography utilizes a radiation dose of approximately 2.3–22.7
millisievert (mSv)(19). Therefore, for any non-invasive technique to succeed in capturing a
diagnostic image of these small vessels, the challenges of both high speed and spatial
resolution must be tackled, while attempting to reduce or eliminate radiation use.

While CT techniques can overcome the respiratory motion challenge by using the breath
hold method, the issues of both cardiac motion and reduction of radiation dose need to be
addressed. The former may be addressed by taking advantage of the quiescent periods of the
cardiac cycle where motion is the least (20). These quiescent periods are usually witnessed
at mid-diastole and early systole, which are at approximately 75% and 34% of the cardiac
cycle (Figure 1a and b) depending on the heart rate (20). More important than their location
in the cardiac cycle is their duration in relation to the temporal resolution of the CT scanner.
These durations are inversely related to the heart rate with the end-systolic period lasting for
118msec (range 0–223msec) and the second longer period in mid-diastole lasting and
average of 187msec (range 66–330msec). Hence, lengthening the R-R interval, by reducing
the heart rate will inevitable lengthen these quiescent periods to act as windows of
opportunity to acquire motionless images of the coronary arteries. Such a task is achieved by
either orally or intravenously administered β-blockers prior to the scan in order to reduce the
heart rate to 60–70 beats per minute. Additionally, this also stabilizes the R-R variability so
that these quiescent periods fall in the same position of the cardiac cycle. This is particularly
important to avoid deterioration of the imaging quality as a result of increased heart rate that
occurs near the end of breath holding (21). In order to capture these relatively dormant
periods, the temporal resolution of the CT scanner needs to be shorter than the targeted
period in the cardiac cycle. Advancements in gantry technology and the use of dual source/
detector combinations have managed to shorten this temporal resolution down to as low as
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75msec (22). Such advances may allow for less aggressive use of β-blockers when applying
retrospective gating techniques and tube current modulation. The latter optimizes the tube
current (Figure 1c and d) to acquire the best image quality during the mid diastolic rest
period while the images outside this window are of sufficient quality to cinematically assess
other larger non-coronary cardiac anatomy such as the valves and/or myocardium. Although
this reduces the effective dose by 10%-40% (23) ranging from 4–14 mSv (19), lowering the
heart rate remains an important factor in effective radiation dose reduction (24). Increasing
the number of detectors rows to 128, 256, and 320 rows has allowed for complete coverage
of the heart in 1–2 cardiac cycles by applying prospective gating (Figure 1e and f)
techniques which reduce the effective dose to a reported record of 1mSv (25). Cardiac CT
has been useful for the assessment of numerous condition including congenital anomalies
and acquired cardiac conditions (26). Multiple studies have shown coronary CT to be a
sensitive (97.2%) and specific (87.4%) technique for the detection and evaluation of the
degree of coronary artery stenosis (27). However, its greatest potential may lie not only in
the assessment of coronary artery disease resulting in stenosis but also in the evaluation,
characterization and understanding of the pathophysiology of atherosclerotic plaque.
Although calcified plaque resulting in a Agatston score of more than 400 is considered as a
risk equivalent for a cardiac event in the intermediate risk group (28), it may represent only
the tip of the iceberg (Figure 1g, h and i). Calcified atherosclerotic plaque is one of many
stages of plaque (Figure 1j, k and l) development (29). Therefore, this non-invasive
technique may open the door for better understanding the relationship of coronary
atherosclerosis with various risk factors and associated diseases.

Despite its value, coronary CT angiography is limited by the use of potentially nephrotoxic
contrast agents and ionizing radiation. Additionally, CT image quality is degraded by
blooming artifacts (Figure 2a and b) from coronary calcifications (30) and inadequate heart
rate control, such as for patients with contraindications to β blockers. MR angiography,
therefore, may play an alterative or supplemental role in such situations. A meta analysis
study of coronary MR angiography has shown a sensitivity of 87.1% and specificity of
70.3% for this modality in the detections of significant coronary artery stenosis (27).
However, this performance appears to have improved with the use contrast agents and high
magnetic field (3T) to reach a sensitivity and specificity of 94% and 82% receptivity (31).
Such an improvement is attributed mainly to the higher signal-to-noise ratio (SNR) available
at 3T compared to 1.5T. This improvement in SNR has also allowed for an improvement in
temporal resolution which would allow a shorter acquisition window of approximately
35msec. Higher temporal resolution permits coronary imaging in the systolic rest period (32)
thereby avoiding the need of heart rate control which is particularly useful for imaging
children and patients with contraindications to the use of β-blockers. The use of higher
magnetic field has also resulted in improvement of spatial resolution (Figure 2c, d, e and f)
to reach 350μm (33), matching that of CT. These advances help improve coronary MR
performance, however, the greater potential of this technology is improvements in tissue
characterization of atherosclerotic plaque (Figure 2g and h). For example, over-expression
of αvβ3 indicating angiogenesis (34), will probably present as delayed enhancement of
vulnerable plaque (29, 35) and vessel wall (Figure 2h). Other MR capabilities that are not
possible with CT include the assessment of coronary artery endothelial dysfunction (36),
coronary vessel wall imaging (37) (Figure 2i and j) and measuring coronary blood flow
velocities (38). Overall, advances in both CT and MR coronary imaging will provide
opportunities to evaluate coronary artery atherosclerosis not only non-invasively, but also in
ways not possible by conventional invasive x-ray angiography that is limited to
luminography. Such opportunities may prove very useful in the understanding of
atherosclerosis in many diseases such as HIV.
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Figure 1.
a) coronary CT. scan angiography during systole and b) diastole showing superior image
quality of the latter due to longer quiescent period in diastole. Schematic scan modes during
c) retrospective electrocardiographic (ECG) gating without dose modulation (blue lines
show division of the R-R interval into 10 phases of the cardiac cycle) d) retrospective ECG
gating with dose modulation to reduce effective ration dose. Schematic diagram of
prospective scan modes using e) step-and shot technique in 2 heart beats (e.g. using 256
detector rows) f) or single heart beat for wider coverage (320 detector rows). Coronary CT
g) without and h) with contrast showing calcification (red arrows) in the left anterior
descending coronary artery (LAD). Multi-planer reformatted image of the same LAD
showing the extent of the non-calcified plaque which appears to as large as the calcified
portion. Cross sectional CT images of another coronary artery showing the j) low density
non-calcified plaque k) causing severe narrowing of the lumen and l) enhancement of the
vessel wall.
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Figure 2.
a) Coronary CT of the left anterior descending coronary artery (LAD) showing severe
calcification (red arrow) of the proximal and mid segment that obscure visualization of the
lumen. However, corresponding b) coronary MR with contrast of the same LAD is not
affected by calcium and reveals the area of critical narrowing (red arrow). High resolution
coronary MR with 350 μm in plane resolution of the c) right coronary artery (RCA) and d)
LAD. e) 350 μm coronary MR angiography showing severe narrowing of left main and
LAD which is confirmed on f) conventional X-ray angiography. f) Multi-planer reformatted
image of diseased RCA showing severe narrowing from non-calcified plaque, which
demonstrates a g) necrotic core and enhancing wall on coronary NR with contrast. h)
Coronary MR without contrast of normal RCA and i) corresponding black blood image
showing the normal vessel wall of the mid segment.
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