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ABSTRACT. Objective. Classic risk factors do not fully account for the increased risk of coronary artery disease
(CAD) in systemic lupus erythematosus (SLE), making identification of the subset of patients at risk
challenging. In this prospective cohort study we investigated whether myocardial perfusion defects
in SLE are predictive of CAD events, independently of traditional Framingham risk factors.
Methods. We performed myocardial perfusion imaging in 122 women with SLE who did not have a
history of CAD. Patients had clinical and serologic evaluation, and an assessment of cardiac risk factors. They were then followed for the occurrence of CAD events. Cox regression models were used
to determine independent predictors of CAD.
Results. Forty-six (37.7%) patients had perfusion defects. Median followup was 8.7 years, during
which 15 CAD events occurred (1 myocardial infarction, 14 angina). Cox modeling showed that
myocardial perfusion defects are strongly predictive of CAD [hazard ratio (HR) 13.0, 95% CI 2.8 to
60.1, p = 0.001]. Although the 10-year Framingham risk score was significantly predictive of CAD
(HR 1.8, 95% CI 1.1 to 2.9, p = 0.01), the risk scores in groups with normal and abnormal scans were
similar to the “low-risk” general population.
Conclusion. In women with SLE, myocardial perfusion defects are strongly and independently predictive of CAD. Our findings suggest that myocardial perfusion imaging to assess risk of future coronary events should be considered in women with SLE. (First Release Jan 15 2009; J Rheumatol
2009;36:288–94; doi:10.3899/jrheum.080776)
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Systemic lupus erythematosus (SLE) is associated with a 5to 10-fold increased risk of angina and myocardial infarction (MI)1-6. This increased risk is greatly magnified in
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young women with SLE — those aged 34 to 44 years are
over 50 times more likely to have an MI than age-matched
peers2. Overall, 1 in 10 patients with SLE develops symptomatic or clinical coronary artery disease (CAD), manifesting
as angina, MI, or sudden cardiac death1,2,4,7. Classic cardiovascular risk factors as defined in the Framingham model do
not fully account for the increased risk of CAD in SLE8,9.
After controlling for traditional risk factors such as hypertension and hypercholesterolemia, the relative risk of CAD events
in patients with SLE is still over 7 times that of controls8.
Lupus-related factors that confer risk of CAD independently
of traditional risk factors remain to be fully elucidated.
Several studies have sought to determine the prevalence
and correlates of asymptomatic or subclinical atherosclerosis in SLE10,11. Among these, a study by Roman, et al
revealed that atherosclerosis as defined by the presence of
plaque on carotid ultrasound was more prevalent among
patients with SLE than healthy controls (37.1% vs 15.2%,
respectively; p < 0.001)11. In multivariate regression analysis, independent predictors of plaque included longer duration of SLE, a higher SLE damage index score, and a lower
incidence of the use of immunosuppressives.
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Numerous other studies using various surrogates of
underlying atherosclerosis, such as impaired brachial artery
flow-mediated vasodilation or coronary artery calcification,
have revealed a prevalence of subclinical atherosclerosis in
SLE of 30% to 50%, similar to that reported by Roman and
colleagues12-14. However, to date there have been no studies
that followed patients with SLE long enough to determine
the risk factors for subsequent coronary events in patients
who have subclinical atherosclerosis.
We have reported abnormal myocardial perfusion imaging in 38% of women with SLE who did not have a history
of clinical CAD15. In the current study our objective was to
follow these patients over several years to determine
whether myocardial perfusion defects are predictive of subsequent CAD events, independently of traditional
Framingham cardiac risk factors.
MATERIALS AND METHODS
Study population. We recruited consecutive women attending the
University of Toronto Lupus Clinic between September 1996 and
December 1998. As only 1 in 10 patients with SLE is male and the risk factors for coronary events are potentially different in this subset of patients,
only women were recruited to our study16. Patients with a history of CAD
were excluded. All patients fulfilled 4 or more of the 1971 or 1982
American College of Rheumatology classification criteria for SLE, or had
3 criteria and a typical lesion of SLE on renal or skin biopsy17,18.
Written informed consent was obtained from all participants and the
University of Toronto Research Ethics Committee approved the study.
Myocardial perfusion imaging. All patients underwent dual-isotope singlephoton emission computed tomographic (SPECT) myocardial perfusion
imaging15. Briefly, patients received 3.0 mCi of 201Tl (as thallous chloride)
as an intravenous bolus at rest. Fifteen minutes after 201Tl administration,
patients were positioned supine within a dual-head, fixed 90°-angle SPECT
system for rest 201Tl image acquisition. Data were acquired as 60 frames,
25 s per frame, according to the current conventional clinical protocol.
Patients then proceeded immediately to pharmacologic cardiac stress using
either dipyridamole (0.14 mg/kg/min intravenously for 4 min) or dobutamine (for patients with asthma or receiving methyl-xanthine compounds,
graded infusion of 5, 10, 20, 30, and then 40 µg/kg/min, 3 min per infusion). An injection of 99mTc-sestamibi (22–25 mCi), and repeat imaging 30
minutes later using the same detector system for a total of 10 minutes, with
electrocardiogram (ECG) gating, was performed according to clinical protocol. During and after pharmacologic stress, heart rate, blood pressure, and
12-lead ECG were monitored each minute until these returned to baseline.
Constant 3-lead ECG ST segment and rhythm monitoring was performed.
Rest 201Tl and ECG-gated stress 99mTc-sestamibi myocardial perfusion
images were reconstructed using filtered back projection per routine clinical protocols.
The scans were reported by a single expert, blinded to patients’ clinical
and laboratory information. The presence of any perfusion defect, regardless of extent, distribution, or reversibility, resulted in a scan being designated “abnormal.” Patients were informed of their scan results through their
treating physicians, and those with abnormal scans were referred to a cardiologist for further evaluation.
Clinical and laboratory assessment. At the time of myocardial perfusion
imaging, patients underwent clinical and laboratory evaluation, including
assessment of serologic profile, disease activity using the SLE Disease
Activity Index 2000 (SLEDAI-2K), and disease damage using the Systemic
Lupus International Collaborating Clinics Damage Index (SLICC-DI)19,20.
Other prospectively collected data included height and weight, blood pressure, total, high and low density lipoprotein cholesterol (HDL-C and LDL-

C) levels, blood glucose, smoking history, and medications including corticosteroids, antimalarials, immunosuppressives, antihypertensives, and
lipid-lowering and hormone replacement therapy (HRT). Exposure to medications was defined categorically as either present or absent, from clinic
entry to the time of the scan, or from the time of the scan to CAD event (or
last visit). All data were stored and tracked in a dedicated database. During
followup, CAD-related events, namely angina and MI, were ascertained
and documented21. Angina was defined as chest pain of a typical nature,
brought on by exertion and relieved with nitrates. MI was defined as typical chest pain with characteristic ECG and enzyme changes. In addition, the
occurrence of CAD events was corroborated by a cardiologist.
Statistical analysis. Comparisons between patients with normal and those
with abnormal myocardial scans were made using 2-sample t tests or
Mann-Whitney tests (in case of non-normal distribution) for continuous
variables and by chi-square analysis for categorical variables. Cox proportional hazards regression models were used to determine the independent
predictors of CAD events. Results are reported as hazard ratios (HR) with
95% confidence intervals (95% CI). Two-sided p values < 0.05 were considered to indicate statistical significance.
The choice of variables for inclusion in the Cox models was based on
clinical relevance and significance in univariate analysis. As all participants
were female, age and menopausal status were highly correlated and therefore not included in the same model. Thus the variables entered into the
model were disease duration at the time of the scan, presence of an abnormal scan, and the Framingham 10-year risk score calculated at the time of
the scan. The 10-year Framingham risk score was calculated using the
patient’s age, systolic blood pressure, smoking status, and total and HDL
cholesterol level according to published algorithms22-24. On average, lowrisk women below 50 years of age have a 10-year risk score ranging from
–2 to 3 inclusive, while low-risk women above 50 years of age have a 10year risk score ranging from 6 to 8 inclusive24.
To determine the contribution of individual components of the
Framingham risk score to the prediction of CAD events, we ran a second
regression model that included the same variables as the original model,
except that in lieu of the total Framingham risk score, we included its components as listed above, together with diabetes, LDL-C, and body mass
index (BMI), all measured at the time of the scan. Hypertension was
defined as systolic blood pressure > 140 mm Hg or diastolic blood pressure
> 90 mm Hg or treatment with antihypertensives25-27. Hypercholesterolemia was defined as cholesterol ≥ 5.2 mmol/l or lipid-lowering therapy28.
Reduced HDL-C was defined as HDL-C < 0.9 mmol/l29,30. Elevated LDLC is defined as LDL-C > 3.4 mmol/l29,30. Diabetes was defined as fasting
plasma glucose > 7.0 mmol/l or diabetes therapy30,31. BMI is weight in
kilograms divided by the square of the height in meters32. Statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA).

RESULTS
In total, 126 SLE patients with no history of CAD underwent myocardial perfusion imaging. There were no notable
adverse events related to the procedure. Four patients had
followup of less than 6 months after the scan and were
excluded. In the remaining 122 patients, the mean (standard
deviation; SD) age and disease duration at study were 44.8
(11.0) and 14.3 (9.5) years, respectively. The mean
SLEDAI-2K at study was 3.79 (4.45), indicating mild disease activity. The mean SLICC damage score at study was
1.71 (1.84) indicating mild disease-related damage. Fortysix patients (37.7%) had perfusion defects. Of these, 37 had
perfusion defects in one vessel territory, 6 had perfusion
defects in 2 vessel territories, and 3 had perfusion defects in
3 vessel territories. Thirty-five patients had reversible
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defects, 5 had fixed defects, and 6 had both fixed and
reversible defects. Only one patient had a prior stroke; this
patient had a normal cardiac scan and no subsequent coronary event.
Table 1 shows a comparison of demographic and diseaserelated characteristics of patients with normal (n = 76) and
abnormal (n = 46) myocardial scans. Patients with abnormal
scans were on average 5.6 years older at the time of the scan
than those with normal scans, but had similar race, disease
duration, SLEDAI-2K disease activity score, autoantibody
profile, and SLICC-DI score. Patients with abnormal scans
were more likely to be postmenopausal [24 (52.2%) vs 24
(31.6%); p = 0.02], but did not differ from the group with
normal scans in HRT use. The two groups were similar in
exposure to corticosteroids, antimalarials, and immunosuppressives from clinic entry to the time of the scan and from
the time of the scan to the time of the coronary event (or last
visit). The mean (SD) followup time from myocardial perfusion imaging to a CAD event (or last clinic visit) as of
May 2007 was 7.5 (2.7) years (median 8.7 yrs). A total of 15
(12.3%) patients had CAD events, one MI and 14 angina.
The mean (SD) time from scan to CAD event was 2.3 (2.3)
years (median 1.4 yr). In Figure 1, Kaplan-Meier survival
curves depict accrual of coronary events over time in
patients with normal and those with abnormal scans. A substantially greater proportion of patients with abnormal scans
had subsequent CAD events [13 (28.3%) vs 2 (2.6%); p <
0.001]. Among the 13 patients with abnormal scans that
went on to have CAD events, 12 had single-vessel perfusion
defects and one had 3 vessel perfusion defects. At the time
of myocardial scanning, the mean (SD) 10-year
Framingham risk score was significantly higher in those
with an abnormal scan [2.39 (0.98) vs 2.01 (1.10); p =
0.006; Table 2]. Hypertension was significantly more com-

Figure 1. Kaplan-Meier survival curves depicting accrual of coronary
events over time in patients with normal and abnormal myocardial perfusion scans. Solid line represents the group with normal myocardial perfusion scans; broken line represents the group with abnormal myocardial perfusion scans.

mon among those that had abnormal scans [23 (50.0%) vs
19 (25.0%); p = 0.005], as was use of antihypertensive medications from clinic entry to the time of scan [27 (58.7%) vs
23 (30.3%); p = 0.002]. There was no difference in the
prevalence of other cardiovascular risk factors or use of
lipid-lowering medications between the 2 groups.
The results of the Cox regression analysis of independent
predictors of CAD events are presented in Table 3. In the
model that included the Framingham risk score but not its
individual components, an abnormal myocardial scan was
strongly predictive of a future coronary event (HR 13.0,
95% CI 2.9 to 62.2, p = 0.001). In this model, the 10-year
Framingham risk score, calculated at the time of the scan,
also had a statistically significant association with CAD
events (HR 1.8, 95% CI 1.1 to 2.9, p = 0.01).
In the Cox regression model where we included the individual components of the Framingham risk score, but not
the score itself, an abnormal scan was still strongly predictive of a subsequent coronary event (HR 9.3, 95% CI 2.1 to
42.4, p = 0.004). In this model, hypertension at the time of
the scan was also significantly predictive of CAD events
(HR 3.8, 95% CI 1.2 to 12.1, p = 0.03). However, the other
components of the Framingham risk score, diabetes, LDLC, and BMI, were not independently related to CAD events.
DISCUSSION
In this prospective cohort study we found that in women
with SLE who did not have a history of CAD, myocardial
perfusion defects were strongly and independently predictive of future coronary events. In a time-to-event regression
analysis, with a hazard ratio of 13.0 (95% CI 2.8–60.1, p =
0.001), patients with an abnormal cardiac scan were 13
times more likely to have a coronary event than those that
had normal scans. We have previously shown that on average, patients tend to have their first coronary event around a
decade after diagnosis of SLE6. In this study the mean (SD)
disease duration at the time of myocardial imaging was 14.3
(9.5) years. While patients were followed on average 7.5
years subsequent to myocardial perfusion imaging, most
coronary events were seen early in followup, with a mean
(SD) time to CAD event of 1.9 (2.1) years (median 1.0 yr).
This suggests that myocardial perfusion defects had been
present for some time before the scan was performed.
Although we found a statistically significant association
between the 10-year Framingham risk score and coronary
events, the mean Framingham risk score in both groups,
with normal and abnormal scans, was low and similar to
scores seen in the “low-risk” general population22,24.
Therefore this association is of doubtful clinical significance. This finding is consistent with what we have previously shown in the Toronto Risk Factor Study, where the 10year Framingham risk of a CAD-related event was the same
in SLE patients and in age-matched population controls30.
Among the individual components of the Framingham
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Table 1. Demographic and disease-related characteristics of patients with normal and abnormal myocardial perfusion scans.
Characteristic

Normal Scan,
n = 76

Age*, yrs, mean (SD)
42.7 (9.9)
Disease duration*, yrs, mean (SD)
13.14 (8.7)
Caucasian, n (%)
55 (72.4)
Postmenopausal*, n (%)
24 (31.6)
HRT use, n (%)
From clinic entry to scan
17/24 (70.8)
From scan to CAD event (or last visit)
25/76 (32.9)
SLEDAI-2K activity score*†, mean (SD)
3.7 (4.5)
Elevated anti-DNA antibody* (by radioimmunoassay) 23 (30.3)
Low complement* (low C3 or C4)
21 (27.6)
Antiphospholipid antibody*††
13 (17.1)
SLICC-DI damage score*§, mean (SD)
1.57 (1.71)
Corticosteroid use, n (%)
From clinic entry to scan
64 (84.2)
From scan to CAD event (or last visit)
57 (75.0)
Antimalarial use**, n (%)
From clinic entry to scan
55 (72.4)
From scan to CAD event (or last visit)
59 (77.6)
Immunosuppressive use***, n (%)
From clinic entry to scan
38 (50.0)
From scan to CAD event (or last visit)
39 (51.3)

Abnormal Scan,
n = 46

p

48.3 (11.9)
16.3 (10.5)
40 (87.0)
24 (52.2)

0.007
0.07
0.06
0.02

14/24 (58.3)
16/46 (34.8)
3.9 (4.3)
16 (34.8)
13 (28.3)
8 (17.4)
1.93 (2.04)

0.37
0.83
0.87
0.60
0.94
0.97
0.30

38 (82.6)
37 (80.4)

0.82
0.49

38 (82.6)
40 (87.0)

0.20
0.20

25 (54.4)
23 (50.0)

0.64
0.89

* At time of myocardial scan; † scores range from 0 to 105, higher scores indicating more active disease20;
†† lupus anticoagulant or anticardiolipin antibody; § scores range from 0 to 46, higher scores indicating greater
disease-related damage19; ** chloroquine and hydroxychloroquine; *** methotrexate, azathioprine, mycophenolate mofetil, cyclosporine, and cyclophosphamide. HRT: hormone replacement therapy, CAD: coronary artery
disease; SLEDAI-2K: SLE Disease Activity Index 2000; SLICC-DI: Systemic Lupus International Collaborating
Clinics-Damage Index.

risk score, only hypertension was independently predictive
of CAD events. With a hazard ratio of 3.8 (95% CI 1.2–12.1,
p = 0.03), patients who had hypertension were almost 4
times more likely to have a coronary event than those that
were normotensive. We have previously reported that hypertension is associated with subsequent CAD events in
patients with SLE, an association that has been confirmed in
the Baltimore Lupus Cohort4,27. Collectively, these findings
highlight the role of hypertension as a potentially reversible
traditional risk factor for coronary events in SLE. The role
of nontraditional risk factors, such as high sensitivity Creactive protein and homocysteine, was not assessed in our
study.
We used a dual-isotope technique of myocardial perfusion imaging using both 201thallium and 99mTc-sestamibi.
This method has been shown to have high accuracy for
detection and assessment of angiographically significant
CAD33. However, of note, other studies using single-isotope
99mTc-sestamibi SPECT myocardial perfusion imaging have
revealed a similar prevalence of perfusion defects of around
40% in asymptomatic patients with SLE34,35. As many
patients with SLE have limited exercise capacity due to joint
pain or disability, we used pharmacological means of inducing myocardial stress.
Dipyridamole thallium scintigraphy has been shown to

be an independent predictor of subsequent coronary events
in a large unselected population in whom the majority
underwent myocardial perfusion imaging to investigate possible coronary symptoms36. Similarly in diabetes mellitus,
myocardial perfusion imaging has been shown to have high
sensitivity for the detection of angiographically significant
coronary stenoses37. However, the American Diabetes
Association no longer recommends screening diabetic
patients with cardiac stress testing or the like, on the
grounds that the current status of diabetes as a CAD equivalent already warrants optimized medical therapy38.
Although it has been suggested that SLE also be considered
a CAD equivalent, several key differences distinguish the
association between SLE and CAD from that between diabetes and CAD. Most important, traditional risk factors such
as hypertension and hypercholesterolemia play a relatively
minor role in SLE-related CAD, and to date there have been
no studies to show that optimal medical management of
these “treatable” risk factors reduces the risk of CAD events
in SLE.
In a context where traditional risk factors make a relatively small, albeit potentially reversible contribution to the
risk of CAD, and where pathogenic mechanisms of accelerated atherosclerosis in SLE remain largely undefined,
myocardial perfusion defects may represent a common final
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Table 2. Coronary events, cardiac risk factors, and cardiovascular medications in patients with normal and
abnormal myocardial scans.
Event/Risk Factor

Normal Scan,
n = 76

Abnormal Scan,
n = 46

p

New coronary event, n (%)
Ten-year Framingham risk score*†, mean (SD)
Hypertension*§, n (%)
Systolic blood pressure (mm Hg), mean (SD)
Diastolic blood pressure (mm Hg), mean (SD)
Hypercholesterolemia*††, n (%)
Total cholesterol (mmol/l)a, mean (SD)
Reduced HDL cholesterol*b, n (%)
HDL cholesterol (mmol/l)a, mean (SD)
Elevated LDL cholesterol*c, n (%)
LDL cholesterol (mmol/l)a, mean (SD)
Smoking*, n (%)
Diabetes*d, n (%)
Body mass index*e
Antihypertensive usef, n (%)
From clinic entry to scan
From scan to CAD event (or last visit)
Lipid-lowering medication useg, n (%)
From clinic entry to scan
From scan to CAD event (or last visit)

2 (2.6)
2.01 (1.10)
19 (25.0)
123.6 (18.4)
76.9 (9.9)
22 (29.0)
4.94 (1.16)
2 (2.7)
1.47 (0.38)
17 (23.0)
2.92 (0.98)
11 (14.7)
3 (4.0)
24.4 (5.8)

13 (28.3)
2.39 (0.98)
23 (50.0)
130.9 (18.2)
78.1 (7.6)
17 (37.0)
5.06 (1.09)
2 (4.4)
1.34 (0.38)
12 (26.7)
2.94 (1.30)
6 (13.0)
2 (4.4)
25.9 (6.0)

< 0.0001
0.006
0.005
0.04
0.48
0.36
0.56
0.63
0.07
0.65
0.93
0.80
1.00
0.16

23 (30.3)
42 (55.3)

27 (58.7)
28 (60.9)

0.002
0.54

1/3 (33.3)
17 (23.3)

5/14 (35.7)
9 (21.4)

1.00
0.82

* At the time of myocardial scan; † calculated using patient’s age, systolic blood pressure, smoking status, and
total and high density cholesterol level; on average, low-risk women below 50 years of age have a 10-year risk
score ranging from minus 2 to 3 inclusive, while low-risk women above 50 years of age have a 10-year risk score
ranging from 6 to 8 inclusive22–24; § defined as systolic blood pressure ≥ 140 mm Hg or diastolic blood pressure ≥ 90 mm Hg or treatment with antihypertensives25–27; †† ≥ 5.2 mmol/l or lipid-lowering therapy28.a To convert mmol/l to mg/l multiply by 38.67; b < 0.9 mmol/l29,30; c > 3.4 mmol/l29,30; d defined as fasting plasma glucose > 7.0 mmol/l or diabetes therapy30,31; e weight in kilogram divided by the square of the height in meters32;
f diuretics, beta-blockers, calcium-channel blockers, angiotensin-converting enzyme inhibitors, and angiotensin
II receptor blockers; g HMG-CoA reductase inhibitors (“statins”).
Table 3. Cox regression analysis of independent predictors of coronary events in patients with systemic lupus
erythematosus.
Variable
Disease duration at time of myocardial scan
Abnormal myocardial scan
Ten-year Framingham risk score† at time of myocardial scan

Hazard Ratio (95% CI)

p

13.0 (2.8–60.1)
1.8 (1.1, 2.9)

NS
0.001
0.01

†

Calculated using patient’s age, systolic blood pressure, smoking status, and total and high density cholesterol
level22–24. For definitions of hypertension, hypercholesterolemia, reduced HDL-C, and elevated LDL-C refer to
the legend for Table 2. NS: nonsignificant, p > 0.05.

outcome of the interplay between putative and protective
factors. We have shown for the first time that myocardial
perfusion defects are not only strongly predictive of future
coronary events in SLE, but that this association is independent of traditional risk factors. As myocardial perfusion
imaging is only minimally invasive and carries a low risk of
adverse events, where resources are available, myocardial
scanning should be included in the cardiac risk assessment
of patients with SLE, including those who have no coronary
symptoms. This will enable selection of “high-risk” patients
who would potentially benefit from aggressive treatment of
classic risk factors where these are present, and from treat-

ment with antiplatelet agents and “statins.” Although intervention studies are required to determine the role of such
drugs in prevention of first-time coronary events in SLE,
identification of high-risk patients is the first step toward
improving cardiac outcomes in SLE.
We found that age and SLE disease duration were not
independently predictive of future coronary events.
However, patients with an abnormal scan ranged in age from
21.7 to 71.1 years (median 47.7 yrs) and had disease durations that ranged from 0.1 to 41.4 years (median 14.8 yrs).
These observations indicate that SLE patients of all ages,
even those with relatively short disease duration, should

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved.
292

The Journal of Rheumatology 2009; 36:2; doi:10.3899/jrheum.080776

Downloaded on May 21, 2022 from www.jrheum.org

undergo myocardial perfusion imaging to assess cardiac
risk. Due to the small number of patients in each group, we
were unable to perform subgroup analyses to determine
whether the extent or reversibility of abnormality on
myocardial perfusion imaging has prognostic significance
for risk of future coronary events.
A limitation of our study is that due to lack of serial
imaging, we were unable to track the progression of perfusion defects over time and are therefore unable to make recommendations as to the frequency with which myocardial
perfusion scanning should be repeated in SLE patients that
have perfusion defects and those that do not. Further, we
have shown that nearly 38% of patients with SLE who do
not have a history of CAD have perfusion defects on
myocardial scanning. Yet only 10% of patients with SLE go
on to experience cardiac events1,2,4,7. This points to the need
for research into novel markers of cardiac risk in SLE that
may better define the subset of patients at risk.
This is the first study to link a subclinical measure of coronary artery disease with subsequent clinical events in patients
with SLE. Our study has important implications for clinical
practice. Our findings suggest that in order to assess risk of
future coronary events myocardial perfusion imaging should
be considered in women with SLE. Future research should
focus on delineating the natural history of perfusion defects
and hence the frequency with which scans should be repeated, as well as determining the efficacy of interventions aimed
at preventing coronary events in those with perfusion defects.
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