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To evaluate the prevalence and prognostic role of
silent coronary artery disease (CAD) in patients
with symptomatic high-grade carotid stenosis (70
to 99%) undergoing carotid endarterectomy, and
with neither history nor symptoms of CAD, 106
patients (76 men, 30 women, mean age 58.7
years [range 42 to 71)) with recent cerebral isch-
emia were prospectively studied. Patients were
stratified as to the presence (n = 27, 25%) or ab-
sence (n = 79, 75%) of silent CAD defined by con-
cordant abnormal exercise electrocardiographic
testing and thallium-201 myocardial scintigraphy.
The male sex, the severity of the symptomatic ca-
rotid lesion (>90%), and the coexistence of contra-
lateral carotid disease identified patients with
higher probability of coexisting CAD. The 106 pa-
tients underwent 121 operations (bilateral in 15).
In the perioperative period, no deaths or cardiac
events occurred, 1 patient suffered a recurrent
stroke and 3 had a transient ischemic attack. Dur-
ing a mean follow-up period of 5.4 years, 9 pa-
tients died (1.7%/year): fatal myocardial infarc-
tion occurred in 5 (all in the silent CAD group),
cancer in 3 and vertebrobasilar stroke in 1. Nonfa-
tal events occurred in 9 patients: myocardial in-
farction in 1 (without silent CAD), unstable angina
in 3 (with silent CAD), and cerebral ischemic at-
tacks in 5. After 7 years, the Kaplan-Meier esti-
mated survival free from coronary events was
51% in patients with silent CAD, and 98% in pa-
tients without CAD (p <0.01).

In conclusion, among patients with symptomat-
ic high-grade carotid stenosis undergoing carotid
endarterectomy, even in absence of history or
symptoms of CAD, a silent CAD is detectable in
one fourth of the patients. Silent CAD did not af-
fect the perioperative outcome, but strongly influ-
enced the long-term prognosis. These results sug-
gest the need for routine screening of silent CAD
in patients with severe carotid stenosis to identify
those at high long-term risk of cardiac events, for
whom a more aggressive management should be
warranted.
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are at high risk for coronary artery events.!-* The

cardiac mortality of 5%/ year, observed in the fol-
low-up of patients with cerebral ischemia, exceeds even
the cardiac mortality rate of patients with angina pecto-
ris, so that a cerebral ischemic attack should be consid-
ered a warning signal of future cardiac events.’ In pa-
tients with symptomatic high-grade carotid stenosis un-
dergoing carotid endarterectomy, myocardial infarction
accounts for one-half of perioperative deaths$’; during
the long-term follow-up, the risk of fatal myocardial in-
farction is 2 to 5 times greater than the risk of fatal
stroke.®-10 Whereas the risk of cardiac events is well
known in patients with a history of myocardial infarc-
tion or angina who are undergoing carotid endarter-
ectomy, no data are available concerning the cardiac
risk in patients with clinically silent coronary artery dis-
case (CAD). The aim of the present study is to assess
the prevalence and prognostic role of silent CAD in pa-
tients with no history, symptoms or electrocardiographic
(ECG) signs of cardiac disease who are undergoing ca-
rotid endarterectomy for symptomatic high-grade carot-
id stenosis.

P atients with transient ischemic attacks or stroke

METHODS

Patients: One hundred six consecutive patients ad-
mitted to the Department of Neurosurgery of our hospi-
tal for carotid endarterectomy fulfilled the following in-
clusion criteria: (1) transient ischemic attack or minor
stroke of the carotid territory; (2) high-grade carotid
stenosis (70 to 99%), ipsilateral to cerebral symptoms;
(3) no history, symptoms or ECG signs of CAD; and
(4) ability to perform adequate exercise ECG testing.

Basal investigation: Patients underwent a standard-
ized neurologic investigation consisting of history, neu-
rologic examination, computed tomography scan of the
brain and 4-vessel cerebral angiography. The cardio-
logic investigation consisted of history, physical exami-
nation, 12-lead electrocardiogram, chest x-ray, 2-dimen-
sional echocardiography, exercise ECG testing and, in
patients with abnormal exercise ECG testing, thallium-
201 myocardial scintigraphy. Silent CAD was defined
by concordant, abnormal exercise ECG testing and
thallium-201 myocardial scintigraphy.

Exercise electrocardiographic testing: Exercise
ECG testing was performed by treadmill, using a Mar-
quette Case II recorder, according to a modified Bruce
protocol (exercise stages of 2 minutes starting from level
0). Patients with bundle branch block and left ventricu-
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lar hypertrophy were excluded from the study. A 12-
lead electrocardiogram and blood pressure were record-
ed before, at the end of each stage, at peak exercise and
at 2-minute intervals in the recovery phase. During ex-
ercise the 12 ECG leads were continuously monitored.
Exercise ECG testing was maximal or limited by ex-
haustion, symptoms, systolic blood pressure =240 mm
Hg, or ST-segment depression =3 mm. Exercise ECG
testing was considered abnormal if ST depression =1
mm or ST elevation =1.5 mm were present.

Thallium-201 myocardial scintigraphy: Patients
with abnormal results on exercise ECG testing under-
went bicycle exercise thallium-201 myocardial imaging
within 2 weeks. At the appearance of at least 1.0 mm
ST-segment depression, 74 MBq of thallium-201 were
injected intravenously, and the patient was requested to
continue the exercise for another 60 to 90 seconds. Each
patient underwent imaging in the supine position with a
PHO gamma V scintillation camera immediately and
after isotope administration (exercise), and 4 hours later
(delayed test) for the redistribution scan. Each image
was subdivided into 3 or 4 segments corresponding to
the territories of distribution of left anterior descending,
circumflex and right coronary arteries for a total of 8
segments. Images were stored in a computer for pro-
cessing, semiquantitative analysis, and elaboration of
circumferential profiles.

Treatment and follow-up: Preoperatively, during
and after surgery, patients with silent CAD were treat-
ed with 8 blockers and nitrates. Nifedipine was admin-
istered if B8 blockers were contraindicated. Aspirin or
ticlopidine were given to all patients after surgery. Dur-
ing the follow-up, a neurologic and cardiologic evalua-
tion was done every 6 months. Patients with silent CAD
performed exercise ECG testing every year. Medical
therapy, initiated before surgery in patients with CAD
(aspirin, 8 blockers, and so forth), was continued during
the follow-up.

Statistical analysis: Continuous data are given as
mean # standard deviation. Student’s ¢ test was used
for differences between the mean of different observa-
tions, and the chi-square test to determine the difference
between proportions. The occurrence of new cardiac
events was compared between groups of patients by the
construction of Kaplan-Meyer survival curves. A p val-
ue <0.05 was required for statistical significance.

RESULTS

Study population: Patients were aged 58.7 + 8.4
years (range 42 to 73) and 76 (72%) were men. Accord-
ing to the inclusion criteria no patient had a history or
symptoms of CAD. Echocardiograms never showed evi-
dence of wall motion abnormalities and the ejection
fraction was =45% in all patients.

Exercise ECG testing was abnormal in 39 patients
(37%) without angina. All these patients underwent
thallium-201 myocardial scintigraphy, which confirmed
a silent CAD in 27 (25% of the study population) (per-
fusional defects of 2.2 + 0.9 segments, reversible in all
patients). Among the 27 patients with silent CAD and
the remaining 79, there were no significant differences
for age, atherosclerotic risk factors, transient ischemic

TABLE I Distribution of Conventional Risk Factors and Type of
Cerebral Ischemia by Presence of Silent Coronary Artery Disease

CAD
Absent Present
(n=79) (n=27) p
n (%) n (%) Value
Mean age (yr) 65 + 8 64 =7 NS
Men/women 51 (65)/28 (35) 24 (89)/3(11) <0.05
Current smoking 54 (68) 20(74) NS
Systemic hypertension 45 (57) 16 (569) NS
Diabetes mellitus 17 (21) 5(18) NS
Hypercholesterolemia 34 (43) 11 (41) NS
(=200 mg/dh
Claudication 22 (28) 6 (22) NS
Transient ischemic attack 61 (77} 20(74) NS
Stroke 18 (23) 7 (26) NS

CAD = coronary artery disease; NS = not significant.

TABLE Il Severity of Symptomatic Carotid Lesions, and
Prevalence of Contralateral Carotid Disease and Ischemia at
Computed Tomography Scan of the Brain by Presence of Silent
Coronary Artery Disease

CAD
Absent Present
(n =79) (n=27) p
n (%) n (%) Value
Ipsilateral carotid lesion
70-90% 59 (75) 13 (48)
90-99% 20 (25) 14 (52) <00t
Contralateral carotid lesions
(=70%)
Presence 30(38) 17 (63)
0.005
Absence 49 (62) 10 (37) <00
Computed tomography brain
scan
Ischemia 34 (43) 11(41) NS
Normal 45 (57) 26 (59)

CAD = coronary artery disease; NS = not significant.

attack or stroke prevalence, and coexistence of intermit-
tent claudication. In patients with CAD, the male prev-
alence was significantly higher (p <0.05) (Table I). A
carotid stenosis of 70 to 90% was observed in 13 pa-
tients (48%) with CAD and in 59 (75%) without CAD.
Conversely, a more severe carotid stenosis of 90 to 99%
was observed in 14 patients (52%) with CAD and in 20
(25%) without CAD (p <0.01). A contralateral carotid
occlusion or stenosis 270% was observed in 17 patients
(63%) with CAD and in 30 (38%) without CAD (p
<0.05). Finally, the presence of ischemic areas at com-
puted tomography scan of the brain was similar in the 2
groups (Table II).

Perioperative outcome: The 106 patients underwent
121 operations (9 had bilateral carotid endarterectomies
and 6 a contralateral extraintracranial arterial bypass).
No deaths occurred during the perioperative period
(within 30 days after surgery). One patient had carotid
stroke, ipsilateral to the surgical lesion, and 3 patients
had a transient ischemic attack (Table III).

Long-term prognosis: During a mean follow-up pe-
riod of 5.4 years, 9 patients died (1.7%/year): a fatal
myocardial infarction occurred in 5 (all with silent
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TABLE Il Morbidity and Mortality in 106 Patients Undergoing
Carotid Endarterectomy
CAD
Absent Present
(n=79) (n=27)
n (%) n (%)
Early (<30 days)
Total deaths (n = 0)
Nonfatal events (n = 4)
Myocardial infarction o} 0
Transient ischemic attack 2 1
Stroke 0 1
Late (> 30 days)
Total deaths (n = 9)
Myocardial infarction 0 5
Cancer 3 0
Stroke 1 0
Nonfatal events (n = 9)
Myocardial infarction 1 0
Unstable angina 0 3
Transient ischemic attack 3 0
Stroke 2 0
CAD = coronary artery disease.

CAD at preoperative evaluation), cancer in 3, and ver-
tebrobasilar stroke in 1. Nonfatal myocardial infarction
occurred in 1 patient with normal preoperative cardiac
evaluation, and 3 patients with silent CAD became
symptomatic for unstable angina. During the follow-up,
recurrences of cerebral ischemia occurred in 5 patients
(Table IIT). Among patients with silent CAD the rate-
pressure product at 1 mm ST-segment depression and
at peak exercise were the only parameters of exercise
ECG testing predictive of coronary events during the
follow-up, whereas the extent of myocardial ischemia at
thallium-201 myocardial scintigraphy was not signifi-
cantly different between the 2 groups (Table IV). Coro-
nary angiography was performed in a patient with very
low threshold of silent ischemia and, during the follow-
up, in the 2 patients who developed unstable angina.

TABLE IV Exercise ECG Testing and Thailium-201 Myocardial
Scintigraphy Findings in Patients with Silent CAD as to the
Presence of Coronary Events During a Mean Follow-Up of 5.4
Years
Silent CAD
(n=27)
Coronary  No Coronary
Events Events p
(n=28) (n=19) Value
Exercise ECG testing
Total duration (min) 62x11 64=x17 NS
Onset of 1 mm ST depression 32x21 49=x24 NS
(min)
Rate-pressure productaton- 154 +4.6 21.3+49 <0.05
set 1 mm ST depression
(x103)
Max. ST depression (mm) 2505 21=x07 NS
Rate-pressure product at peak 21.0 + 4.9 27.1 +4.8 <0.05
exercise (x103)
Persistence of ST depression 7.8x156 52x42 NS
in the recovery phase (min)
Thallium-201 myocardial
scintigraphy
Extent of perfusion defects 26=x1.1 2.0+0.7 NS
(segments)
ECG = electrocardiographic; other abbreviations as in Table !.

These three patients later underwent coronary revascu-
larization.

After 7-year follow-up, Kaplan-Meyer estimated
survival free from fatal and nonfatal coronary events
was 51% in patients with silent CAD and 98% in pa-
tients without CAD at preoperative evaluation (p <
0.01) (Figure 1).

DISCUSSION

Cardiac events in patients undergoing carotid end-
arterectomy: Patients with symptomatic, severe carotid
stenosis, undergoing carotid endarterectomy have a high
risk of coronary events both during the perioperative pe-
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riod or in the follow-up. Hertzer et al,!! in a series of
390 patients undergoing carotid endarterectomy, ob-
served a perioperative myocardial infarction in 4% of
those with a history of CAD, and in 0.5% of the control
subjects. During a follow-up period of 1 to 11 years, a
fatal myocardial infarction occurred in 25% of patients
with known CAD and in 13% of the others. Ennix et
al'2 reported perioperative mortality rates (due mainly
to myocardial infarction) of 18% in cerebrovascular pa-
tients with angina pectoris and 1.5% in the control pa-
tients. Yeager et al!? observed perioperative myocardial
infarction in 6% of patients with active CAD, in 3% of
those with a history of CAD, and in 1.5% of control
patients. During a 21-month follow-up, the death rate
was 15.2, 12.5 and 10.2%, respectively. Early and late
survival, however, were similar in the 3 groups (p
<0.05). Recently, among patients who underwent ca-
rotid endarterectomy, Mackey et al'* found that pa-
tients with overt CAD had reduced 30-day (p = 0.03)
and late survival (p <0.0001). In the latter study,
among patients without overt CAD, the presence of cor-
onary risk factors identified those with worse prognosis.

Need for a routine investigation of coronary artery
disease: The diagnosis of CAD in patients undergoing
carotid endarterectomy is usually based on history of
myocardial infarction, angina pectoris or “ischemic” ST
segment on the electrocardiogram at rest. Since a stan-
dardized cardiac investigation is not routinely per-
formed, even in patients without history or clinical signs
of cardiac disease, the prevalence of CAD in this popu-
lation may be underestimated. Whisnant et al'’ suggest-
ed that the poor relationship between the clinical evi-
dence of CAD and the survival rate after a stroke could
be explained by the unknown prevalence of silent CAD
in patients without overt cardiac disease. The high prev-
alence of silent CAD in patients with cerebral ischemia
was first assessed, a few years ago, in a large angio-
graphic study of 200 patients without history or symp-
toms of CAD, undergoing carotid endarterectomy. Cor-
onary lesions were identified in 86% of patients, severe
(=270%) in 40%.1¢

Nevertheless, a screening based on coronary angiog-
raphy in patients undergoing carotid endarterectomy
has an unfavorable cost-effectiveness ratio. A noninva-
sive evaluation consisting of exercise ECG testing and
thallium-201 myocardial scintigraphy should be consid-
ered a reliable alternative, their sensitivity and specific-
ity being high in a population with a high prevalence of
CAD.'-% In previous noninvasive studies the preva-
lence rate of CAD in cerebrovascular patients was 10
times greater than in a control group of healthy sub-
jects,2122 although the real prevalence of silent CAD is
probably underestimated because of the study protocol
used. Moreover, in patients unable to exercise, a silent
CAD was identified by dipyridamole myocardial imag-
ing in >50% of the patients.?3

Clinical implications: The present study first as-
sessed the prevalence of silent CAD in patients with nei-
ther history nor symptoms of CAD undergoing carotid
endarterectomy. One fourth of these patients showed
abnormal concordant exercise ECG testing and myo-
cardial scintigraphy. Furthermore, in patients with si-

lent CAD, the severity of the carotid lesions and the
coexistence of contralateral carotid disease were signifi-
cantly greater. Silent CAD did not affect the periopera-
tive outcome in patients given adequate anti-ischemic
therapy, but strongly influenced the long-term progno-
sis. During a 5.4-year follow-up, coronary events oc-
curred in 29% of patients with silent CAD, but in only
1.2% of those without CAD; the probability of survival
free from coronary events is significantly worse in pa-
tients with silent CAD. Most deaths were of cardiac
origin and all the patients who died from myocardial
infarction had CAD on preoperative evaluation.
Conclusions: Whereas 2 large randomized clinical
trials have recently demonstrated that carotid endarter-
ectomy can significantly improve the neurologic progno-
sis of patients with symptomatic high-grade carotid ste-
nosis, 024 the unfavorable cardiologic long-term progno-
sis suggests the need for careful cardiac evaluation of
these patients. According to our experience, and recent
studies dealing with patients undergoing vascular sur-
gery,” a noninvasive screening for CAD should be per-
formed in all patients undergoing carotid endarterecto-
my, even in those without history or symptoms of CAD,
in order to identify patients who need more aggressive
monitoring and management during the follow-up.

Acknowledgment: We gratefully acknowledge Pro-
fessor Harold P. Adams Jr. (Director of Division of Ce-
rebrovascular Disease, Department of Neurology, Uni-
versity of Towa, Iowa City, Towa) for helpful critical
comment.

REFERENCES

1. Toole JF, Yuson CP, Janeway R, Johnston F, Davis C, Cordell AR, Howard G.
Transient ischemic attacks: a prospective study of 225 patients. Neurology
1978;28:746-753.

2. Heyman A, Wilkinson WE, Hurwitz BJ. Risk of coronary artery disease in
patients with transient ischemic attack. Neurology 1984;34:626-629.

3. Hobbs RE, Furlan AlJ. Detection of coronary artery disease in patients with
cerebrovascular disease. In: Furlan AJ ed. The Heart and Stroke. Berlin-Heidel-
berg: Springer-Verlag, 1987:357-373,

4, Sacco RL, Wolf PA, Kannell WB, McNamara PM. Survival and recurrence
following stroke: The Framingham Study. Stroke 1982;13:290-298.

5. Adams HP Jr, Kassell NF, Mazuz H. The patient with transient ischemic
attacks. Is this the time for a new therapeutic approach? Stroke 1984;15:371-375.
6. Thompson JE, Austin DJ, Pattmann RD. Carotid endarterectomy for cerebro-
vascular insufficiency: long-term results in 592 patients followed up to thirteen
years. Ann Surg 1970;172:663-679.

7. Hertzer NR, Lees CD. Fatal myocardial infarction following carotid endarter-
ectomy. Ann Surg 1981;194:212-218.

8. De Weese JA. Long-term results of surgery for carotid artery stenosis. In:
Bergan JJ, Yao JST, eds. Cercbrovascular Insufficiency. New York: Grune &
Stratton, 1983:507-518.

9. Stuart Lee K, Davis CH Jr. Stroke, myocardial infarction, and survival during
long-term follow up after carotid endarterectomy. Surg Neurol 1989;31:113-119.
10. North American Symptomatic Carotid Endarterectomy Trial Collaborators.
Beneficial effect of carotid endarterectomy in symptomatic patients with high-
grade carotid stenosis. N Engl J Med 1991;325:445-453.

11. Hertzer NR, Avellone JC, Farrell CJ, Plecha FR, Rhodes RS, Sharp WV,
Wright GF. The risk of vascular surgery in a metropolitan community with
observation on surgeon experience and hospital size. J Vasc Surg 1984;1:13-21.
12. Ennix CL Jr, Lawrie GM, Morris GC Jr, Crawford ES, Howell JF, Reardon
MJ, Weatherford SC. Improved results of carotid endarterectomy in patients with
symptomatic coronary artery disease: an analysis of 1,546 consecutive carotid
operations. Stroke 1979;10:122-125.

13. Yeager RA, Moneta GL, McConnell DB, Neuwelt EA, Taylor LM Jr, Porter
JM. Analysis of risk factors for myocardial infarction following carotid endarter-
ectomy. Arch Surg 1989;124:1142-1145.

14. Mackey WC, O’Donnell TF Jr, Callow AD. Cardiac risk in patients undergo-
ing carotid endarterectomy: impact on peri-operative and long-term mortality. J
Vasc Surg 1990;11:226-233.

SILENT MYOCARDIAL ISCHEMIA IN CEREBROVASCULAR PATIENTS 1169



18. Whisnant JP, Cartlidge NEF, Elveback LR. Carotid and vertebral-basilar
transient ischemic attacks: effect of anticoagulants, hypertension, and cardiac
disorders on survival and stroke occurrence — a population study. A4nn Neurol
1987;3:107-115.

16. Hertzer NR, Young JR, Beven EG, Graor RA, O’Hara PJ, Ruschaupt WF,
de Wolfe VG, Maljovec LC. Coronary angiography in 506 patients with extracra-
nial cerebrovascular disease. Arch Intern Med 1985;145:849-852.

17. Fleg JL, Gerstenblith G, Zondermann AB, Becker LC, Weisfeldt ML, Costa
PT Jr, Lakatta EG. Prevalence and prognostic significance of exercise-induced
silent myocardial ischemia detected by thallium scintigraphy and electrocardiog-
raphy in asymptomatic volunteers. Circulation 1990;81:428-436.

18. Iskandrian AS, Wassermann LA, Anderson GS, Hakki H, Segal BL, Kane S.
Merits of stress thallium-201 myocardial perfusion imaging in patients with
inconclusive exercise electrocardiograms: correlation with coronary arteriograms.
Am J Cardiol 1980;46:553-558.

19. Patterson RE, Horowitz SF, Eng C. Can exercise electrocardiography and
thallium-201 myocardial imaging exclude the diagnosis of coronary artery dis-
ease? Bayesian analysis of the clinical limits of exclusion and indication for
coronary angiography. Am J Cardiol 1982;49:1127-1135.

20. Hecht HS, Shaw RE, Bruce T, Myler RK. Silent ischemia: evaluation by
exercise and redistribution tomographic thallium-201 myocardial imaging. J Am
Coll Cardiol 1989;14:895-900.

21. Di Pasquale G, Pinelli G, Grazi P, Andreoli A, Corbelli C, Manini GL,
Urbinati S, Carini GC. Incidence of silent myocardial ischemia in patients with
cerebral ischemia. Eur Heart J 1988;9(suppl N):104-107.

22. Rokey R, Rolak LA, Harati Y, Kutka N, Verani MS. Coronary artery
disease in patients with cerebrovascular disease: a prospective study. Ann Neurol
1984;16:50-53.

23. Di Pasquale G, Andreoli A, Carini GC, Dondi M, Urbinati S, Ruffini M,
Pinelli G. Noninvasive screening for silent ischemic heart disease in patients with
cerebral ischemia: use of dipyridamole-thallium myocardial imaging. Cerebrovasc
Dis 1991;1:31-37.

24. European Carotid Surgery Trialist” Collaborative Group. MRC European
Carotid Surgery Trial: interim results for symptomatic patients with severe
(70-99%) or with mild (0-29%) carotid stenosis. Lancet 1991;22:711-722.
28. Gersh BJ, Rihal CS, Rooke TW, Ballard DJ. Evaluation and management of
patients with both peripheral vascular and coronary artery disease. J Am Coll
Cardiol 1991;18:203-214.

1170 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 69 MAY 1, 1992



