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Background and Objectives: Ischemic stroke (IS) and coronary artery disease (CAD)
share common risk factors and one may be the harbinger of the other. We aimed to
study prevalence of symptomatic and asymptomatic CAD in a cohort of consecutive
patients with IS and assess its relationship with intracranial and extracranial large
artery cerebrovascular disease (LAD). Methods: All consecutive eligible IS and Tran-
sient Ischemic Attack (TIA) patients were recruited into the study. Both clinically sus-
pected and asymptomatic patients (N = 259) underwent myocardial Stress-rest Gated
Technetium-99m (Tc99m) MIBI Myocardial Perfusion SPECT scan performed on a dual
head SPECT-CT to estimate evidence of myocardial ischemia. Results: Three hundred
patients completed the study. Forty one patients were previously diagnosed cases of
definitive CAD. Twelve patients were clinically suspected to have CAD and 247
patients were asymptomatic. Among these, 12 patients (4.81%) had a positive SPECT.
The overall prevalence of CAD was 17.67% (n = 53). Presence of diabetes was an inde-
pendent predictor of CAD (OR 1.98, 95% CI 1.07-3.67. P .02). No significant association
was found between the presence of LAD and CAD in all subgroup comparisons.
However, there was a suggestion of higher LAD among patients with known CAD
compared with others. Conclusions: CAD is prevalent in patients with ischemic stroke.
No definitive relationship was found between CAD and intracranial or extracranial
LAD. Population based stratification tools are needed to further assess the need to
detect subclinical CAD in patients with stroke.
Key Words: Coronary artery disease—ischemic heart disease—CAD—

myocardial perfusion—larger artery disease—cardiac ischemia
© 2019 Elsevier Inc. All rights reserved.
of Neurology, All India Institute of Medical
ia; †Department of Cardiology, All India
nces, New Delhi, India; ‡Department of
ia Institute of Medical Sciences, New Delhi,
uroradiology, All India Institute of Medical
dia; and ǁDepartment of Biostatistics, All
Sciences, New Delhi, India.
earch was supported by funding from the
l Research, New Delhi, India grant number

e to Rohit Bhatia, MD, DM, Department of
stitute of Medical Sciences, Ansari Nagar,
: rohitbhatia71@yahoo.com,
.
matter
rights reserved.
6/j.jstrokecerebrovasdis.2019.104400

ebrovascular Diseases, Vol. 28, No. 12 (Decemb
Introduction

Ischemic stroke (IS) and coronary artery disease (CAD)
share common risk factors and one may be the harbinger
of the other. Long-term follow-up of stroke patients sug-
gest that cardiac events account for a high proportionate
mortality even though stroke recurrence is higher.1-3 It is
therefore imperative to study the presence of CAD among
patients with IS for timely intervention and prevention of a
major coronary event. Limited studies have explored this
association. Although, a long-term follow-up is required to
estimate the absolute risk of an acute coronary event fol-
lowing a stroke, published data suggests that 2%-5% of IS
patients have fatal cardiac events within 90 days of stroke
occurrence as the patients may harbour a clinically asymp-
tomatic CAD.4-6 Studies suggest a 20%-40% prevalence of
silent cardiac ischemia among stroke patients detectable by
er), 2019: 104400 1
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cardiac testing using thallium scintigraphy, radionuclide
ventriculography or treadmill testing .
We aimed to study the prevalence of symptomatic and

asymptomatic CAD in a large cohort of consecutive
patients with IS and also assess its relationship with intra-
cranial and extracranial cerebrovascular disease.
Methods

This is a prospective observational study. Following
approval from the institutional ethics committee, all conse-
cutive ischemic stroke and Transient Ischemic Attack (TIA)
patients presenting to our department were screened and
eligible patients were recruited into the study. The inclusion
criteria included patients with ischemic strokes and TIA’s,
age above 18 years, premorbid or post stroke modified Ran-
kin score upto 4 and consent to participate. Patients who
were unconscious, on ventilatory support, contraindication
for CTAngiogram (CTA) or MRAngiogram (MRA), contrast
allergy, cardioembolic strokes due to rheumatic valvular dis-
ease, severe associated medical illnesses making long-term
survival unlikely for example, advanced CRF, malignancies,
severe congestive heart failure or others limiting life expec-
tancy, lack of consent, pregnancy, involvement in a trial of
another experimental intervention (drug or surgery) for
acute stroke and not available for follow-up, for example, no
fixed address, migrated visitor were excluded from the
study.
Enrolled patients underwent a detailed history review,

baseline blood investigations, electrocardiogram , trans-
thoracic echocardiogram and transesophageal echo (in
selected cases) and a 24 hours Holter recording. As a part
of routine work up for stroke, each patient underwent a
noncontrast CT scan of the head. CTA was done for most
of the patients and MRA was done in patients where CTA
was not feasible. The severity of extracranial carotid dis-
ease was estimated using North American Symptomatic
Carotid Endarterectomy Study criteria. The disease was
graded as mild (�50%), moderate (50-69%) and severe
(70% and above). Intracranial vascular disease was also
graded as mild, moderate or severe. For the current study
analysis, stenosis more than or equal to 50% was taken as
suggestive of significant large artery disease.
The cardiologist reviewed the history for presence of

symptoms suggestive of CAD and treatment related to
any known or suspected CAD in the past. Based on the
clinical evaluation and baseline investigations, patients
were categorised into one of the following: those with
known history of CAD supported by previous evaluation
and treatment were labelled as known CAD, those sus-
pected clinically as suspected CAD and those with no
history or investigations to suggest CAD into the asymp-
tomatic group. Both clinically suspected and asymptom-
atic patients underwent myocardial Stress-rest Gated
Technetium-99m (Tc99m) MIBI Myocardial Perfusion SPECT
(MPS) scan performed on a dual head SPECT-CT (General
Electric Medical system, Infinia Hawkeye) to estimate evi-
dence of myocardial ischemia. The myocardial perfusion
scintigraphy was done under the supervision of a trained
nuclear medicine expert and after clearance by the cardiol-
ogist. Patients who were not able to walk on the tread-mill
due to age or physical disability underwent pharmacolog-
ical stress with dobutamine infusion. For the physical
exercise on the tread mill, Bruce protocol was followed.
All SPECT images were analysed according to the stan-
dard criteria and agreement of 2 independent observers.
The study was considered as normal (no perfusion defect
on the stress and rest images) or abnormal (presence of
perfusion defect on the stress). Presence of perfusion
defect on the stress which normalizes on the rest images
(reversible perfusion defect) was recorded as suggestive
of stress induced ischemia and presence of perfusion
defect on the stress which remained unchanged on the
rest images (fixed perfusion defect) was recorded as sug-
gestive of a scarred myocardium. Left ventricular ejection
fraction was analysed from the gated rest images using
quantitative software (Emory cardiac toolbox). Patients
positive on this test were re-evaluated by the cardiologist
to decide on the need for a diagnostic coronary angiogra-
phy and further therapeutic decision as deemed neces-
sary. The patients previously investigated for CAD or had
been treated by either angioplasty and/or coronary artery
bypass graft did not undergo any further testing. For pur-
pose of analysis, patients with known CAD and those
detected on MPS scan were grouped together in the CAD
group, although separate analysis was also done for the
newly detected CAD or known CAD patients.

Results

A total of 351 patients with ischemic stroke / TIA were
recruited during the study period. Among these, 300
patients who completed the study are included into the final
analysis (see flowchart for reasons of excluded patients
Figure 1). The mean age was 54.62 +/- 11.41years (24-84
years) and 244 (81.33%) were males. Major risk factors
included hypertension (75.67%), diabetes (29%), smoking
(42%) dyslipidemia (21.67%), previous stroke (19.33%), atrial
fibrillation (2%), family history of stroke (19.33%), alcohol
consumption (9.67%) (Table 1). Holter testing could be per-
formed on 297 patients. It was normal in 256 (86.20%)
patients and showed atrial fibrillation in 12 (4.04%), frequent
VPC’s in 17 (5.72%) and combination of atrial premature
beats and VPC’s in 12 (4.04%). Echocardiography was done
in all 300 patients. It was normal in 257 (85.67%) and
showed presence of mild valvular disease in 1 (.33% cardio-
myopathy in 17 (5.67%), hypertrophic cardiomyopathy in
1 (.33%) and concentric LVH in 24 (8%) patients.

CAD and Stroke

Forty one patients were previously diagnosed cases of
definitive CAD. Among the 259 remaining patients 12



Figure 1. Shows outline of the study. Among the 300 patients who completed the study, 41 patients were known cases of treated CAD (coronary artery disease)
so did not undergo further myocardial perfusion SPECT. 259 patients underwent myocardial perfusion SPECT. 12 were detected to have features of CAD.
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patients were clinically suspected to have CAD and 247
patients were asymptomatic. Among these, 259 patients
underwent a MPS (10/12 of the suspected CAD; 249
asymptomatic patients). Two patients among the sus-
pected CAD group did not undergo the scan due to con-
cern of the cardiologist. Among the clinically suspected
patients (n = 10) who underwent the SPECT, none of the
patients had a positive SPECT. Among the clinically
Table 1. Demographic and risk factors among the stroke

cohort

Variable N (%)

Age 54.62

Sex (male/female) 244/56 (81.33)

HTNy 227 (75.67)

DM z 87 (29)

Smoking 42 (14)

Hyperlipidemia 65 (21.67)

Atrial fibrillation 6 (2)

Alcohol intake 29 (9.67)

Migraine 11 (3.67)

Previous stroke 58 (19.33)
x F/H stroke 58 (19.33)
x F/H CAD* 42 (14)
x F/ H DM z 74 (24.67)

*Coronary artery disease.
†Hypertension.
‡Diabetes mellitus.
§Family history.
asymptomatic patients (n = 249), 12 patients (4.81%)
had a positive SPECT suggestive of CAD. Among these,
4 patients underwent coronary angiography and 2
patients underwent angioplasty and stenting. Other
patients were kept on medical treatment and have been
clinically stable till last follow-up. The overall prevalence
of CAD was 17.67% (n = 53).
Comparison among patients with and without CAD is

outlined in Table 2. For the purpose of analysis, patients
with known CAD (n = 41) were grouped with the newly
detected CAD patients (n = 12, total 53) and compared
with the no CAD group (n = 247) (Table 3). Apart from
high prevalence of diabetes in the CAD group, no signifi-
cant differences were found among other variables. There
was a trend towards higher cardioembolic stroke among
patients with CAD. We also compared patients without
CAD (n = 247) to the newly detected patients by the perfu-
sion scan (n = 12). Dyslipidemia was significantly higher
among the detected group. Upon comparison of the
patients with known CAD (n = 41) to the ones detected
newly (n = 12), it was observed that diabetes, dyslipide-
mia, history of previous stroke and family history of CAD
were significantly higher in the known CAD group. The
only independent predictor of CAD was the presence of
diabetes (OR 1.98, 95% CI 1.07-3.67. P = .02), Table 4.
Relationship between Vascular Disease and CAD

We also analyzed the relationship of large artery
atherosclerotic disease (extracranial and intracranial) to



Table 2. Comparison of patients with and without CAD

Characteristic No CAD* (n = 247) Any CAD* (n = 53) P value xOR 95%CI║

Age 54.11 (SD 11.59) 56.98 (SD 10.30) .098 1.02 .99-1.05

Sex (m/f) (%) 199 (80.57)/48 (19.43) 48 (84.91), 8 (15.09) .463 .73 .32-1.66

HTNy (%) 182 (73.68) 45 (84.91) .089 2.00 .89-4.48

DMz(%) 65 (26.32) 22 (41.51) .029 1.98 1.07-3.67

Smoking (%) 35 (14.17) 7 (13.21) .855 .92 .38-2.20

Hyperlipidemia (%) 49 (19.84) 16 (30.19) .1 1.74 .89-3.39

Atrial fibrillation (%) 4 (1.62) 2 (3.77) .32 2.38 .42-13.35

Alcohol intake (%) 25 (10.12) 4 (7.55) .566 .72 .24-2.17

Migraine(%) 7 (2.83) 4 (7.55) .11 2.79 .78-9.92

Previous stroke (%) 48 (19.43) 10 (18.87) .92 .96 .45-2.05
{F/H stroke (%) 49 (19.84) 9 (16.98) .633 .82 .37-1.8
{F/H CAD (%) 31 (12.55) 11 (20.75) .122 1.82 .85-3.91
{F/H DM (%) 60 (24.29) 14 (26.42) .74 1.11 .56-2.20
{F/H hyperlipidemia (%) 1 (.40) 1 (1.89) .27 4.73 .29-76.8

*Coronary artery disease.
†Hypertension.
‡Diabetes mellitus.
§Odds ratio.
║Confidence interval.
{Family history.
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presence of CAD in the study. No significant association
was found between the presence of significant extracra-
nial or intracranial vascular disease and CAD (Table 5) in
all subgroup comparisons. However, there was a sugges-
tion of higher large artery disease among patients with
known CAD.
Table 3. Comparison of patients withou

Characteristic No *CAD (n = 247) Newly

Age 54.11 (SD 11.59) 52.9

Sex (male/female) (%) 199 (80.57)/48 (19.43) 1

HTNy (%) 182 (73.68) 1

DMz (%) 65 (26.32)

Smoking (%) 35 (14.17)

Hyperlipidemia (%) 49 (19.84)

Atrial fibrillation (%) 4 (1.62)

Alcohol intake (%) 25 (10.12)

Migraine (%) 7 (2.83)

Previous stroke (%) 48 (19.43)
{F/H stroke (%) 49 (19.84)
{F/H CAD* (%) 31 (12.55)
{F/H DMz (%) 60 (24.29)
{F/HHyperlipidemia (%) 1 (0.40)

*CAD: coronary artery disease.
†HTN: hypertension.
‡DM: diabetes mellitus.
§OR: odds ratio.
║CI: confidence interval.
{F/H: family history.
Stroke Etiology Using Trial of Org 10172 in Acute Stroke
Treatment (TOAST)35 Classification among Patients
With and Without CAD after Patients

Using TOAST classification, the etiology of stroke was
classified as follows (n = 300): large artery atherosclerosis
t CAD and the newly detected CAD

detected CAD* (n = 12) P value ORx 95% CI║

1 (SD 8.96) .0724 .99 .94-1.04

0 (83.33),2 (16.67) .813 .829 .17-3.90

1 (91.67) .194 3.92 .49-31.02

2 (16.67) .46 .56 .11-2.62

2 (16.67) .81 1.21 .25-5.76

7 (58.33) .004 5.65 1.72-18.58

(0) .657 - -

2 (16.67) .47 1.77 .36-8.56

1 (8.33) .30 3.11 .35-27.5

0 (0) .091 - -

0 (0) .087 - -

0 (0) .191 - -

2 (16.67) .54 0.62 .13-2.92

0 (0) .825 - -



Table 4. Comparison of patients with previously known CAD and newly detected asymptomatic CAD

Characteristic known CAD*(n = 41) Newly detected CAD* (n = 12) P value ORx 95% CI║

Age 58.17 (SD 10.45) 52.91 (SD 8.96) .126 .94 .88-1.01

Sex (m/f) (%) 35 (85.37)/6 (14.63) 10 (83.33)/2 (16.67) .863 1.16 .20-.69

HTNy (%) 34 (82.93) 11 (91.67) .467 2.26 .25-20.49

DMz (%) 20 (48.78) 2 (16.67) .062 .21 .04-1.07

Smoking (%) 5 (12.20) 2 (16.67) .689 1.44 .24-8.56

Hyperlipidemia (%) 9 (21.95) 7 (58.33) .021 4.97 1.27-19.49

Atrial fibrillation (%) 2 (4.88) 0 (0) .435 - -

Alcohol intake (%) 2 (4.88) 2 (16.67) .20 3.9 .48-31.2

Migraine (%) 3 (7.32) 1 (8.33) .90 1.15 .1.-12.20

Previous stroke (%) 10 (24.39) 0 (0) .058 - -
{ F/H stroke (%) 9 (21.95) 0 (0) .075 - -
{ F/H CAD (%) 11 (26.83) 0 (0) .044 - -
{ F/H DM (%) 12 (29.27) 2 (16.67) .391 .48 .09-2.54

*CAD: coronary artery disease.
†HTN: hypertension.
‡DM: diabetes mellitus.
§OR: odds ratio.
║CI: confidence interval.
{F/H: family history.
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(48.34%), small vessel disease (21%), cardioembolic
(9.67%), other determinate (2.42%),) and cryptogenic
(16%). We also analyzed if any particular stroke etiol-
ogy using TOAST classification was more predictive of
presence of CAD (Table 6). Cardioembolic strokes
Table 5. Association of large

Large artery disease No CAD*

Yes 116 (46.96)

No 131 (53.04)

Large artery disease No CAD

Intracranial 67 (57.56)

Extracranial 49 (42.24)

Large artery disease Known CAD

Yes 25 (60.98)

No 16 (39.02)

Large artery disease Known CAD

Intracranial 11 (44)

Extracranial 14 (56)

Large artery disease No CAD

Yes 116 (46.96)

No 131 (53.04)

Large artery disease No CAD

Intracranial 67 (57.56)

Extracranial 49 (42.24)

Large artery disease Known CAD

Yes 25 (60.98)

No 16 (39.02)

Large artery disease Known CAD

Intracranial 11 (44)

Extracranial 14 (56)

*Coronary artery disease.
occurred more often among patients with CAD likely
due to factors related to myocardial abnormality and/
or arrhythmia. A higher proportion of strokes were
labeled cryptogenic among the patients with no history
of CAD.
artery disease with CAD

Any CAD* P value

29 (54.71) .36

24 (45.28)

Any CAD P value

14 (44) .35

15 (56)

No CAD P value

116 (46.96) .096

131 (53.04)

No CAD P value

67 (57.76) .209

49 (42.24)

Newly detected CAD P value

4 (33.33) .361

8 (66.67)

Newly detected CAD P value

3 (75) .63

1 (25)

Newly detected CAD P value

4 (33.33) .099

8 (66.67)

Newly detected CAD P value

3 (75) .249

1 (25)



Table 6. Stroke etiology among patients with and without CAD

TOAST criteria (%) No CAD* (n = 247) Any CAD* (n = 53) P value OR 95% CI

LADy 116 (46.9) 29 (54.7) .306 1.36 .75-2.40

Cardioembolism 19 (7.69) 10 (18.86) .016 2.79 1.21-6.41

SVD z 55 (22.26) 8 (15.09) .24 .62 .27-1.39

Cryptogenic 49 (19.84) 5 (9.43) .081 .42 .15-1.11

Other 8 (3.24) 1 (1.89) .60 .57 .07-4.69

TOAST criteria (%) No CAD (n = 247) Known CAD (n = 41) P value OR 95% CI

LAD 116 (46.9) 25 (60.98) .099 1.764 .89-3.46

Cardioembolism 19 (7.69) 10 (24.39) .002 3.87 1.65-9.08

SVD 55 (22.26) 4 (9.76) .075 .377 .12-1.10

Cryptogenic 49 (19.84) 1 (2.44) .025 .10 .01-0.75

Other 8 (3.24) 1 (2.44) .786 .74 .09-6.13

TOAST criteria (%) No CAD (n = 247) Newly detected CAD (n = 12) P value OR 95% CI

LAD 116 (46.9) 4 (33.33) .361 .56 .16-1.92

Cardioembolism 19 (7.69) 0 (0) .318 � �
SVD 55 (22.26) 4 (33.33) .378 1.74 .50-6.01

Cryptogenic 49 (19.84) 4 (33.33) .266 2.02 .58-6.98

Other 8 (3.24) 0 (0) .52 � �
TOAST criteria (%) Known CAD(n = 41) Newly detected CAD(n = 12) P value OR 95% CI

LAD 25 (60.98) 4 (33.33) .091 .32 .08-1.23

Cardioembolism 10 (24.39) 0 (0) .058 � �
SVD 4 (9.76) 4 (33.33) .045 4.62 .95-22.51

Cryptogenic 1 (2.44) 4 (33.33) .011 20 1.96-203.32

Other 1 (2.44) 0 (0) .585 � �
*Coronary artery disease.
†Large artery disease
‡Small vessel disease.
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Discussion

Population data has shown that mortality among stroke
patients could be related to a major coronary event both in
short- and long-term.2,3,7,8 Coronary events in the acute
phase of stroke have been estimated indirectly from acute
stroke intervention trials. The TOAST trial9 reported a
.1%-1-month risk of fatal MI and the international stroke
trial10 observed a 2.9% risk. In a systematic review and
meta-analysis comprising 65,996 patients of stroke and
TIA, the authors found an annual risk of 2.1% (CI 95%: 1.9
-2.4) for nonstroke vascular death, 2.2% (1.7 -2.7) for total
MI, .9% (.7 to 1.2) for nonfatal MI and 1.1% (.8- 1.5) for fatal
MI.11 A recent meta-analysis assessed long-term risk of MI
compared to stroke after a stroke or TIA.12 The risk of MI
was 1.67%/y (95% CI 1.36-1.98) and recurrent stroke was
4.26%/y (95% CI 3.43-5.09) with a significant heterogeneity
among studies. The risk however reduced with time.
Appropriate determinants for future CAD risk is therefore
needed for prevention of fatal coronary events.
Our study found an overall prevalence of 17.67% for

CAD among patients with ischemic stroke. We could
detect asymptomatic CAD among 12 (4.67%) cases of
stroke. Few previous studies have assessed asymptomatic
CAD among patients with stroke.1,8,13 The prior estimates
of coronary artery disease prevalence in stroke range
between 20-58%. This has generally been studied using
noninvasive cardiac testing. Studies have shown that rest
and exercise radionuclide ventriculography (gated wall
motion test), stress-rest Thallium-201 scintigraphy (Thal-
lium treadmill test) are more sensitive than exercise tread-
mill test for detection of CAD.13,14 Among 168 diabetic
subjects with no symptoms of CAD who were followed
up for 36+/-18 months, the authors found that stress tech-
netium-99m sestamibi SPECT was useful in evaluating
asymptomatic diabetics for the presence of CAD, and
effectively risk-stratified this population.13 Other methods
like CT calcium score, CT angiography and invasive angi-
ography are likely to be more specific. In a recent study
with 99 patients, myocardial perfusion single photon
emission computed tomography with Tc-99m sestamibi
was compared to multi slice computed tomography
(MSCT).15 The authors concluded that either investigation
provides specific information; functional information in
the former and anatomical information in the latter. The
MSCT has high NPV in patients with less likelihood for
CAD. When compared with coronary angiography, the
correlation with MSCT was good and is useful where the
calcium score is low.
A recent metanalysis by Gunnoo and colleagues16 used

studies using CT, CTA, autopsy and angiography to
ascertain the presence of CAD among patients with
stroke. Among 17 studies with 4869 patients with ische-
mic stroke, a mean average of asymptomatic CAD was
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observed in 52% patients with a prevalence of asymptom-
atic greater than or equal to 50% coronary stenosis in 32%
(95% CI 19% to 47%; P< .00001). Eight studies with 47229
patients with ischemic stroke revealed an overall risk of
MI in the year following stroke of 3% (95% CI 1% to 5%;
P< .00001) in the absence of any suggestive history. In the
recent study6 using coronary angiography to detect occult
CAD among 405 consecutive patients, any coronary pla-
que was present in 61.9% of patients (95% CI 56.5- 67.3)
and greater than or equal to50% coronary stenosis was
found in 25.7% (95% CI, 20.9 -30.5). The presence of coro-
nary abnormalities increased as the presence of vascular
disease in other vessels increased.
Historical clues are generally used to suspect CAD

among patients with stroke, supplemented with electro-
cardiogram and echocardiography findings of low EF,
and/or regional wall motion abnormality. However, this
may not be sensitive enough and could over or underesti-
mate the presence of CAD. In our study too, among the
clinically suspected patients, none had an abnormal per-
fusion scan and among the asymptomatic patients 12
patients had features of reversible ischemia. Although
angiography can give a quantitative estimation of athero-
sclerotic disease and may be more specific and considered
a gold standard, because of its invasive nature and associ-
ation with finite adverse events it is not a recommended
first screening option and will have a low acceptability
and cost effectiveness. A previous study observed that
angiographic characterization of coronary artery obstruc-
tion may not necessarily provide information about future
coronary events.17

It is extremely useful to have prediction models to help
clinician to plan investigative and prevention strategies
for asymptomatic CAD among patients with stroke.
Using data from the Framingham study, authors devised
a scoring system (The Framingham Coronary Heart Dis-
ease Risk Score (FCRS)) for 10 year risk prediction of pri-
mary and secondary coronary heart disease (CHD). Age,
lipid profile (total cholesterol and HDL cholesterol) pres-
ence or absence of diabetes was significant for both men
and women.18 However, systolic blood pressure and ciga-
rette smoking were significant predictors of subsequent
CHD in women. A previously issued guideline also sug-
gested the need for a validated risk stratification method
for evaluation of CAD.4 Upon application of this score to
a group of stroke patients without CHD, the authors
observed that a high FCRS was associated with a higher
risk of MI and vascular death, but not stroke.19

Literature suggests a strong association of carotid steno-
sis with the underlying asymptomatic CAD. The associa-
tion has been observed for both asymptomatic and
symptomatic carotid Stenosis.20-24 One of the studies has
even shown that a subgroup of carotid Stenosis patients
and no history of CAD who have coexistent intracranial
occlusive disease, diabetes or peripheral vascular disease
have a risk of cardiac events similar to that of patients with
a history of CAD. Likewise, in the REACH registry, asymp-
tomatic carotid stenosis (� 70%) was also associated with
cardiovascular death and the composite end-point cardio-
vascular death/myocardial infarction/stroke.20

We could not observe an association of significant ste-
nosis of cerebrovascular vessels (extracranial or intracra-
nial) with presence of CAD in all subgroups studied,
although proportion of large artery extracranial disease
was higher and there was a trend of patients with known
CAD to have a higher prevalence of large artery disease,
suggesting that patients who present with known CAD
are more likely to have an underlying silent vascular ste-
nosis. There could exist differences between the character
of atherosclerotic process in coronary and cerebral extra-
cranial and intracranial vessels. In a study conducted on
medicolegal autopsies, the authors commented that coro-
nary atherosclerosis sets in significantly earlier than the
cerebral atherosclerosis and the “progression of the mean
atherosclerotic indices” is higher in the coronary arteries
compared to cerebral.25 This might explain the trend
towards presence of large artery disease among patients
with known CAD. The mean age of our patients is lower
than the previously published studies which may also
account for the differences in the presence of significant
coronary atherosclerotic disease. The relationship could
become significant if multiplicity of ICAD or just presence
of plaques in intracranial or extracranial circulation is con-
sidered as in some other studies.6,24,26,27 Since we have
used only significant vascular stenosis for correlation, it
may have reduced the significance of the results. Also, we
have not used structural imaging (CTA, Angiography), to
assess extent of coronary atherosclerosis used in other
studies done in the recent past which may have underesti-
mated the presence of CAD in our study.27

Although a potential relationship exists between
extracranial carotid stenosis and CAD in the literature
there is still a lack of clear understanding about the
association between intracranial atherosclerosis and cor-
onary heart disease.21 Two recent studies have observed
a contradictory association of intracranial arterial steno-
sis with subclinical CAD, which may have more rele-
vance to Asian population believed to have more
intracranial than extracranial disease.22,23 The associa-
tion was stronger among patients with more than two
vascular risk factors and atherosclerotic disease of both
vertebrobasilar and carotid vessels.24 Likewise, in our
study too, we didn’t find any relationship between
intracranial stenosis and CAD. Potential differences to
account for the association between extracranial and
intracranial vascular disease and CAD are likely to be
due to many factors observed in previous studies: dif-
ferences in the composition of the arterial wall and dif-
ferences in hemodynamic stress sustained by coronary
and intracranial vessels, metabolic differences, lipid
composition differences, vessel calibre differences and
genetic differences.28-31
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The Predicting Asymptomatic Coronary Artery Dis-
ease in Patients with Ischemic Stroke and Transient
Ischemic Attack study investigators recently validated
a score developed to predict greater than or equal to
50% coronary stenosis.32 Using the FCRS (� 20% = 3; 10-
19% = 1; <10% = 0) and severity of cervicocephalic vas-
cular stenosis (� 50% = 2; <50% = 1; none = 0), the
authors observed that higher score predicted severe
occult coronary stenosis. Likewise, the Asymptomatic
Myocardial Ischemia in Stroke and Atherosclerotic Dis-
ease AMISTAD study6,33 set out to determine whether
asymptomatic coronary atherosclerosis predicts a
higher risk of major vascular event in patients with
stroke and found that, from a baseline diagnosis of
asymptomatic CAD, the 2-year HR of patients with
stroke developing greater than or equal to 1 vessel dis-
ease (coronary stenosis >50%) was 3.43. In the recent
publication from the same group, found that patients
with stroke and ICAD have systemic atherosclerosis
including CAD and many mechanisms that could affect
stroke occurrence.34

Our study has limitations. All patients recruited ini-
tially did not complete the study and could have poten-
tially affected results and significance. We included
patients at different time points from onset of ischemic
stroke. Although this was more realistic and pragmatic, it
may have contributed to reduced detection of CAD in
view of already modified risk factors and being on anti-
platelets and statins. Structural coronary imaging in form
of CTA to assess severity of stenosis may have led to a
higher prevalence of CAD being detected. However, func-
tional imaging may be more useful to predict dynamic
and reversible ischemic perfusion deficit especially if
structural imaging reveals lesser severity of stenosis.
Conclusions

CAD is prevalent in patients with ischemic stroke. Pop-
ulation based stratification tools are needed to further
assess the need to detect subclinical CAD and aggressive
risk factor control is required to prevent future risk of
overt CAD and stroke recurrence. We propose that all
patients should be at least screened by a cardiologist and
where history or investigations are suggestive or in pres-
ence of diabetes, large artery disease, peripheral arterial
disease and high Framingham risk score, may be further
evaluated for presence of subclinical CAD.
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