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SYMPOSIUM: CONTROVERSIES IN CEREBROVASCULAR DISEASE
2. SHOULD PATIENTS BE SCREENED FOR ASYMPTOMATIC
CAROTID ARTERY STENOSIS?
Andrew B. Hill, MSc, MD
OBJECTIVE: To evaluate, against published guidelines, the potential role of screening to reduce the risk of
stroke and death from asymptomatic carotid artery stenosis (ACAS).
DATA SOURCES: Papers selected for review were identified through a GRATEFUL MED literature search,
from personal files and from references documented in identified papers.
STUDY SELECTION: Population studies concerning disease prevalence, natural history studies related to risk
of stroke, randomized controlled trials related to carotid endarterectomy and natural history studies related
to the risk of developing ACAS were considered for review.
DATA EXTRACTION: An estimate was made of the potential for stroke resulting from ACAS in the general
population. This was evaluated against the positive predictive value of duplex scanning, and the number of
patients needing to be screened to prevent a stroke was estimated.
DATA SYNTHESIS: The prevalence of ACAS in the general population was estimated to range from 2% to 8%
for ACAS 50% or greater and to range from 1% to 2% for ACAS 80% or greater. The yearly risk of stroke or
death from undetected ACAS was estimated to be 0.16% for ACAS 50% or greater and 0.06% for ACAS
80% or greater. The estimated number of patients needing to be screened to prevent 1 stroke would range
from 850 to 1700 (and potentially as high as 8500).
CONCLUSIONS: General screening for ACAS to prevent stroke and death cannot be recommended when
evaluated against available guidelines. The decision to screen individual patients will require judgement,
continued evaluation and surveillance of the results of such screening by the treating physician.

OBJECTIF : Évaluer, en regard de lignes directrices publiées, le rôle possible du dépistage afin de réduire le
risque d’attaques et de décès causés par une sténose asymptomatique de l’artère carotide (SAAC).
SOURCES DE DONNÉES : Les auteurs ont choisi les documents à examiner à la suite d’une recension d’écrits
effectuée dans GRATEFUL MED et les ont tirés de dossiers personnels et de références décrites dans des
documents repérés.
SÉLECTION D’ÉTUDES : On a tenu compte, aux fins de l’étude, des études démographiques portant sur la
prévalence de la maladie, des études d’évolution naturelle portant sur le risque d’attaque, d’études contrôlées randomisées effectuées sur l’endartérectomie carotidienne et d’études d’évolution naturelle portant
sur le risque d’apparition de SAAC.
EXTRACTION DE DONNÉES : On a estimé le risque d’attaque découlant de la SAAC dans la population en
général. On a évalué l’estimation en regard de la valeur prédictive positive de l’échotomographie et estimé
le nombre nécessaire de sujets à examiner pour prévenir une attaque.
SYNTHÉSE DES DONNÉES : On a estimé que la prévalence de la SAAC dans la population en général varie de
2 % à 8 % dans le cas de la SAAC à 50 % ou plus et de 1 % à 2 % dans celui de la SAAC à 80 % ou plus. Le
risque annuel d’attaques ou de décès causés par une SAAC non détectée a été estimé à 0,16 % dans le cas
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de la SAAC à 50 % ou plus et à 0,06 % dans celui de la SAAC à 80 % ou plus. Le nombre estimatif de patients qu’il faudrait soumettre à un dépistage pour prévenir une attaque varierait de 850 à 1700 (et pourrait même atteindre 8500).
CONCLUSIONS : On ne peut recommander un dépistage général de la SAAC pour prévenir les attaques et
les décès en se fondant sur les lignes directrices disponibles. La décision de soumettre chaque patient à un
test de dépistage sera fonction du jugement du médecin traitant, de son évaluation continue du patient et
du suivi des résultats de ces tests de dépistage.

T

he use of carotid endarterectomy (CE) to prevent stroke
and death resulting from
carotid artery stenosis has been supported by a number of recent randomized, controlled trials.1–4 Although
surgery for symptomatic carotid artery
stenosis has become standard treatment
for appropriate lesions, enthusiasm for
the surgical management of asymptomatic carotid artery stenosis (ACAS) has
also increased since the publication of
the Asymptomatic Carotid Atherosclerosis Trial.3,4 This enthusiasm has resulted in a proliferation of CE procedures for patients with ACAS in North
America. In fact, CE for asymptomatic
stenosis now accounts for more than
50% of all carotid artery surgery.5
What is now needed is an evaluation
of a screening program for ACAS to assess the potential of screening in reducing morbidity and mortality resulting
from ipsilateral stroke. This type of evaluation is required because the prevalence, natural history and current treatment options for ACAS may not
support the efficacy and feasibility of
generalized, or even selective, screening
programs for ACAS. Reference to defined guidelines should be considered
before requesting a diagnostic study of
a patient for asymptomatic disease.6,7
The question of screening for ACAS
and the use of such guidelines will be
addressed here.

WHAT IS THE POTENTIAL

resulting from ACAS is proportional
to the prevalence and prognosis of untreated disease. Population studies
with the use of duplex scanning have
demonstrated that the prevalence of
patients with ACAS in the general
population who have a stenosis of 50%
or greater ranges between 2% and 8%;
those with ACAS who have a stenosis
of 80% or greater are found in only 1%
to 2% of the general population.8–15
This low prevalence of significant
ACAS has implications for screening
studies. The positive predictive value
(the proportion of patients with a positive test result who actually have the
target disease) of any screening study
will change with the prevalence of disease in the tested population.16 If we
were to assume that duplex scanning
for ACAS had the remarkable sensitivity and specificity of 95%, the positive
predictive value of duplex scanning for
ACAS of a stenosis 50% or greater
would be approximately 50%, and the
positive predictive value for ACAS of a
stenosis 80% or greater would be 16%.17
However, the actual specificity and sensitivity of duplex studies for significant
ACAS are less than 95% and result in
correspondingly lower positive predictive values, even when evaluated in a
highly selected patient population.18,19
Thus, the low prevalence of significant
ACAS in the general population would
limit the feasibility of a screening program by lowering the positive predictive value of the chosen study.

BURDEN OF DISEASE FROM
ASYMPTOMATIC CAROTID ARTERY
STENOSIS?

RISK OF STROKE AND DEATH
FROM ACAS

The occurrence of stroke and death

Screening might be justified by the

morbidity and mortality resulting from
ACAS. These rates have been estimated
in a number of natural history studies.
One study of 696 patients demonstrated
that the annual risk of ipsilateral stroke
was 2.5% for patients with Dopplerdefined ACAS greater than 75% (mean
follow-up 41 months).20 Lesser degrees
of stenosis were associated with a lower
annual stroke rate of 1.3%. The European Carotid Surgery Trialists Collaborative Group followed up 2295 patients
with angiographically defined ACAS
who had contralateral symptomatic
carotid artery stenosis. This is the largest
prospective natural history trial available
for ACAS.21 For patients with ACAS of
70% or greater, the 3-year Kaplan–Meier
risk of ipsilateral stroke was 5.7% (annual
risk of stroke 1.9%). For lesser degrees of
ACAS, the 3-year risk of stroke was 2.1%
(annual risk of stroke 0.7%). Such large
prospective cohort series suggest that the
annual risk of ipsilateral stroke from
ACAS of 70% or greater is approximately
1.9% to 3.3%. Lesser degrees of ACAS
carry a correspondingly lower risk.
The risk demonstrated by these natural history studies is supported by the
incidence of stroke and death in patients randomized to medical management in recent studies that have investigated the use of CE for the treatment
of ACAS. The Asymptomatic Carotid
Atherosclerosis Study for patients with
ACAS of 60% or greater found an outcome event rate of 10.6% at 5 years for
those randomized to therapy without
CE (annual risk of stroke was 2.12%).3
In the Veterans Administration trial,
the risk of ipsilateral stroke was 9.4% at
47.9 months in patients treated medically for ACAS of 50% or greater (anCJS, Vol. 41, No. 3, June 1998
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nual risk of stroke was 2.36%).22 Despite maximal modification of the risk
factors and antiplatelet therapy, the risk
of stroke from ACAS greater than 50%
to 60% was approximately 2% per year.
In summary, the average yearly risk
of stroke from ACAS of 50% or
greater is approximately 2% to 3% per
year. However, given the prevalence
of ACAS in the general population, an
individual would have less than a
0.16% risk per year of stroke or death
from undetected ACAS of 50% or
greater and a 0.06% risk from ACAS
of 80% or greater.

CAN SURGERY BENEFIT PATIENTS
WITH ASYMPTOMATIC CAROTID
ARTERY STENOSIS ?
The use of screening programs to
identify asymptomatic disease requires
that proven therapeutic intervention
is available for the prevention of subsequent morbidity and mortality.
Such proven intervention (and accompanying generalizable recommendations) should come from the results of
large, randomized, controlled trials
(RCTs).23,24
Four RCTs have considered the potential benefit of CE for ACAS.3,22,25,26
The findings from 2 of these trials were
inconclusive.25,26 The Mayo Asymptomatic Carotid Endarterectomy Study
Group trial was terminated before an
adequate sample size could be accumulated because of an excessive death
rate in patients who underwent CE.26
This findings was not reported in subsequent studies. The CASANOVA
Study Group trial failed to demonstrate a benefit from CE for treating
ACAS.25 Unfortunately, the design of
this study favoured the null hypothesis
by excluding patients with ACAS of
90% or greater. This group might have
had the greatest potential benefit from
surgery if the incremental benefit of
surgery according to degree of steno210
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sis demonstrated in the NASCET were
true for asymptomatic disease.1 The
study protocol also allowed almost
40% of the patients randomized to
medical management to eventually undergo CE before termination of the
study, and the subsequent analysis
based on intention to treat counted
these crossover cases as successes for
medical management. These design issues likely contributed to the conclusion that CE did not improve outcome
in patients with ACAS.
Although still controversial, 2 randomized, controlled trials have demonstrated a risk reduction for stroke following CE for ACAS.3,22 Hobson and
associates of the Veterans Affairs Cooperative Study Group reported that
the incidence of ipsilateral stroke was
reduced from 9.4% to 4.7% by adding
CE to the treatment of patients with
ACAS of 50% or greater.22 The outcome advantage attributed to CE lost
statistical significance, however, when
the 30-day stroke and death rates were
considered. Death in this population
was primarily due to myocardial events.
In the fourth study, the Asymptomatic
Carotid Atherosclerosis Study, the investigators issued a clinical alert and
stopped further randomization for patients with ACAS of 60% or greater.3 In
this trial, CE was beneficial in improving stroke and death rates based on Kaplan–Meier estimates of the 5-year risk.
Although the relative risk reduction
was 55%, the absolute risk reduction
was a relatively modest 5.8% (10.6% in
the medical arm compared with 4.8%
for patients who were managed operatively). The benefit was dependent on
a 30-day operative morbidity and mortality of 2.3%.
Thus, CE can reduce the risk of
stroke and perhaps the risk of stroke
and death that may result from ACAS.
Unfortunately, the clinical relevance
of the risk reduction and the generalizability of the results of the studies re-

ferred to continue to generate controversy and debate.4,5,27,28

WHAT IS THE POTENTIAL VALUE
OF SCREENING FOR ACAS AND
HOW MANY MUST BE SCREENED?
Even if the results of the Asymptomatic Carotid Atherosclerosis Study
were to be accepted as valid, reproducible, clinically significant and generalizable, the utility of screening for
ACAS would still be questionable.
The Kaplan–Meier estimates of the 5year absolute risk reduction was 5.8%.3
Thus, 17 patients with ACAS would
require CE to prevent 1 stroke (number needed to treat). Given the prevalence of disease in the population, the
resulting number of patients requiring
screening to prevent 1 stroke from ipsilateral ACAS of 80% or greater
would range from 850 to 1700 (this
figure may be as high as 8500 if one
considers the positive predictive value
of the duplex scanning used to
demonstrate the prevalence of ACAS).
The cost-efficacy of such an approach
would be difficult to justify. This
would be particularly true if the cost
and morbidity of angiography for positive screening studies were to be considered (1.5% risk of stroke from cerebral angiography).3
This estimate of the number of individuals needing to be screened to
prevent an ipsilateral stroke from
ACAS is also of concern because of
further controversies surrounding the
results of the trials summarized. In the
Veterans Affairs trial, the benefit from
CE in reducing ipsilateral stroke is
clear, but the result does not reach statistical significance when the outcomes of stroke and death are considered.22 Similarly, the benefit from CE
demonstrated by the Asymptomatic
Carotid Atherosclerosis Study is contingent on a low operative 30-day
morbidity and mortality to maintain
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statistical significance. This rate may
not be generalizable. Indeed, 30-day
morbidity and mortality as high as
3.0% to 5.3% reported from other centres would eliminate the statistical
benefit afforded by CE in the Asymptomatic Carotid Atherosclerosis
Study.22,25,29,30 This has stirred controversy concerning the clinical significance of the reported risk reduction.5
Although CE can be effective in reducing the risk of stroke and death
from ACAS, achieving this benefit requires careful selection of patient and
surgeon. Thus, the efficacy of the
widespread use of CE for treating patients with ACAS remains debatable.
This, then, raises further questions
about the advisability of screening
programs for ACAS.

risk factors for carotid atherosclerosis
has been studied prospectively in the
Framingham Study cohort.15 Age, cigarette smoking, systolic blood pressure
and cholesterol were found to be independent predictors of carotid atherosclerosis in the multivariate analysis.
The prevalence of carotid artery stenosis in the study population was less than
2%. Forty-six (14%) of 319 patients
with hypertension eventually had a
carotid stenosis of 50% or greater. This
would predict that 4% of the hypertensive population is at risk for the development of ACAS of 80% or greater.
Thus, the relative improvement in the
pretest probability of ACAS by selecting patients with known risk factors for
atherosclerosis is minimal.
Atherosclerosis in other vascular beds

PATIENT SELECTION:
IMPROVING THE PROBABILITY
FOR A POSITIVE SCREENING TEST

One way in which the pretest probability of a positive result from duplex
scanning might be improved is the selection of patients for carotid screening based on the identification of atherosclerotic risk factors. However,
even though patients with carotid
artery stenosis often have known clinical risk factors for atherosclerosis, the
incidence of ACAS in a patient population with risk factors for atherosclerosis may not be significantly increased
from that of the general population.
Risk factors for atherosclerosis
There are few population studies reporting the development of ACAS in
patients identified with risk factors for
atherosclerosis.15,31–34 In prospective
studies, it is not clear that patient selection based on the presence of these risk
factors increases the pretest probability
of disease sufficiently to make screening feasible. A multivariate analysis of

Patients with atherosclerotic disease
(coronary artery or peripheral vascular
disease) demonstrated in other vascular
beds are high-risk groups for the presence of ACAS. Routine screening of patients before coronary artery bypass
surgery has demonstrated a prevalence
of 10% to 18% for patients with carotid
stenosis of 50% or greater and approximately 8% for those with a stenosis of
80% or greater.35–38 This prevalence has
increased with an aging population of
patients requiring cardiac surgery who
suffer from increasingly diffuse and complex disease.35,39–42 Those patients who
require peripheral vascular surgery also
appear to be at high risk for ACAS.
Prospective screening of 352 patients
scheduled to undergo infrainguinal bypass surgery demonstrated a 12.4% frequency of ACAS of 60% or greater, and
a 4% frequency of stenoses 80% or
greater.43 Other studies of patients with
peripheral vascular disease have demonstrated a frequency of approximately
15% for ACAS of 50% or greater,
and 5% to 7.7% for ACAS of 75% or
greater.44,45 Another study of 373 pa-

tients with peripheral vascular disease
suggested that 72 (19.3%) who were
symptom-free were potential candidates
for CE based on the Asymptomatic
Carotid Atherosclerosis Study results
(ACAS 60% or greater).46 A significant
frequency of ACAS in patients with intermittent claudication has also been reported.47
During cardiac surgery in particular, there are numerous potential
causes of perioperative neurologic
complications other than carotid
stenosis. There are no prospective,
randomized, controlled trials of therapeutic interventions that have demonstrated a risk reduction for perioperative stroke resulting from ACAS
during cardiac or peripheral vascular
surgery. Indeed, if one follows guidelines for the evaluation of clinical
course and prognosis, there are no
studies that have conclusively demonstrated a significant increase in risk of
stroke at the time of coronary artery
bypass or peripheral vascular surgery
that can be attributed directly to the
presence of ACAS.48 Consequently, it
is uncertain whether diagnosis and
treatment of ACAS in this group will
lead to improved clinical outcome,
and whether the burden of stroke and
death from ACAS at the time of peripheral vascular or coronary artery bypass surgery warrants prior identification and intervention.
According to the Asymptomatic
Carotid Atherosclerosis Study, the
clinical benefit achieved by performing CE in patients with ACAS depends on a perioperative morbidity
and mortality of less than 2.3%.3
Kaplan–Meier estimates of event-free
survival require at least 5 years of life
expectancy before the benefit of CE is
realized. It should be noted that the
results of this study may not be generalizable to the patient population with
coronary artery or peripheral vascular
disease with known cardiac risk factors
CJS, Vol. 41, No. 3, June 1998
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at the time of and subsequent to any
surgical intervention.

SUMMARY
Despite the increased interest and
clinical activity related to patients with
ACAS, widespread screening of carotid
arteries is difficult to justify. The incidence of stroke and death resulting
from ACAS is proportional to the
prevalence and prognosis of untreated
disease. However, the prevalence of
ACAS in the population and the risk
of subsequent ipsilateral stroke or
death suggest that the yearly risk to
any given individual is low. The number of patients who would require
screening to prevent stroke or death in
1 patient makes general screening for
ACAS unfeasible. Limiting screening
to patients at high risk for ACAS due
to peripheral vascular or coronary
artery disease improves feasibility;
however, we do not know if the results
of available randomized, controlled trials can be generalized to this population for the long-term prevention of
stroke or death resulting from ACAS.
As well, the appropriateness of surgical
intervention for ACAS at the time of
coronary or peripheral vascular surgery
remains to be proven. Finally, controversy still remains concerning the results of available randomized, controlled trials regarding the benefit of
performing CE in patients with ACAS.
There are conflicting recommendations from various consensus panels.4,27
Given the uncertainty of these issues, general screening for ACAS cannot be recommended. The decision to
screen individual patients for ACAS
will require judgement, continued
evaluation and surveillance of results
by the treating physician.

References
1. Beneficial effect of carotid endarterec212

JCC, Vol. 41, No 3, juin 1998

tomy in symptomatic patients with highgrade stenosis. North American Symptomatic Carotid Endarterectomy Trial
Collaborators [see comment]. N Engl J
Med 1991;325(7):445-53. Comment
in: N Engl J Med 1991;325(7):505-7.
2. MRC European Carotid Surgery Trial:
interim results for symptomatic patients
with severe (70–99%) or with mild
(0–29%) stenosis. European Carotid
Surgery Trialists’ Collaborative Group
[see comments]. Lancet 1991;337
(8752):1235-43. Comments in: Lancet
1991;337(8752):1255-6; Lancet 1991;
337(8757):1600-1; Lancet 1994;344
(8914):69.
3. Endarterectomy for asymptomatic
carotid stenosis. Executive Committee
for the Asymptomatic Carotid Atherosclerosis Study [see comments]. JAMA
1995;273(18):1421-8. Comments in:
JAMA 1995;273(18):1459-61; ACP
J Club 1995;123(1):2-3; JAMA 1995;
274(19):1505-7.
4. Moore WS, Barnett HJ, Beebe HG,
Bernstein EF, Brener BJ, Brott T, et al.
Guidelines for carotid endarterectomy.
A multidisciplinary consensus statement from the ad hoc Committee,
American Heart Association [review].
Stroke 1995;26(1):188-201.

[Prevalence of internal carotid artery
stenosis in subjects older than 49 years:
a population study.] Clinica Neurologica Prev 1991;13:173-6.
10. O’Leary DH, Polak JF, Kronmal RA,
Kittner SJ, Bond MG, Wolfson SK Jr, et
al. Distribution and correlates of sonographically detected carotid artery disease in the Cardiovascular Health Study.
The CHS Collaborative Research
Group. Stroke 1992;23(12):1752-60.
11. Prati P,Vanuzzo D, Casaroli M, Di
Chiara A, Di Biasi F, Feruglio GA, et
al. Prevalence and determinants of
carotid atherosclerosis in a general population. Stroke 1992;23(12):1705-11.
12. Warlow C: Endarterectomy for asymptomatic carotid stenosis? Lancet 1995;
345:1254-5.
13. Kiechl S, Willeit J, Rungger G, Egger
G, Oberhollenzer F. Quantitative assessment of carotid atherosclerosis in a
healthy population. Neuroepidemiology
1994;13(6):314-7.
14. Bots ML, Breslau PJ, Briet E, de Bruyn
AM, van Vliet HH, van den Ouweland
FA, et al. Cardiovascular determinants
of carotid artery disease. The Rotterdam Elderly Study. Hypertension
1992;19(6 Pt 2):717-20.

5. Barnett HJ, Eliasziw M, Meldrum HE,
Taylor DW. Do the facts and figures
warrant a 10-fold increase in the performance of carotid endarterectomy on
asymptomatic patients? Neurology 1996;
46:603-8.

15. Fine-Edelstein JS, Wolf PA, O’Leary
DH, Poehlman H, Belanger AJ, Kase
CS, et al. Precursors of extracranial
carotid atherosclerosis in the Framingham Study. Neurology 1994;44(6):
1046-50.

6. Wilson JM, Jungner F. Principles and practice of screening for disease. Geneva: WHO;
1968 (public health papers no. 34).

16. Vecchio TJ: Predictive value of a single
diagnostic test in unselected populations. N Engl J Med 1966;274:1171-3.

7. Cadman D, Chambers LW, Feldman
W, Sackett DL. Assessing the effectiveness of community screening programs. JAMA 1984;251:1580-5.

17. Sackett DL, Haynes RB, Guyatt GH,
Tugwell P, editors. Clinical epidemiology: a basic science for clinical medicine.
2nd ed. Boston: Little, Brown and
Company; 1991. p. 85-95.

8. Colgan MP, Stode GR, Sommer JD,
Gibbs JL, Sumner DS. Prevalence of
asymptomatic carotid disease: results
of duplex scanning in 348 unselected
volunteers. J Vasc Surg 1988;8:674-8.
9. Ricci S, Flamini FO, Marini M, Antonini D, Bartolini S, Celani MG, et al.

18. Moneta GL, Edwards JM, Papanicolaou G, Hatsukami T, Taylor LM Jr,
Strandness DE Jr, et al. Screening for
asymptomatic internal carotid artery
stenosis: duplex criteria for discriminating 60% to 99% stenosis. J Vasc Surg
1995;21(6):989-94.

15527 June 98 CJS /Page 213
Initial: JN
Docket: 1-5527
Customer: CJS June/98

SYMPOSIUM ON CEREBROVASCULAR DISEASE

19. Faught WE, Mattos MA, van Bemmelen PS, Hodgson KJ, Barkmeier LD,
Ramsey DE, et al. Color-flow duplex
scanning of carotid arteries: new velocity criteria based on receiver operator
characteristic analysis for threshold
stenoses used in the symptomatic and
asymptomatic carotid trials. J Vasc Surg
1994;19(5):818-28.
20. Norris JW, Zhu CZ, Bornstein NM,
Chambers BR. Vascular risks of asymptomatic carotid stenosis. Stroke 1991;
22:1485-90.
21. Risk of stroke in the distribution of an
asymptomatic carotid artery. The European Carotid Surgery Trialists Collaborative Group. Lancet 1995;342:209-12.
22. Hobson RW 2d, Weiss DG, Fields WS,
Goldstone J, Moore WS, Towne JB, et
al. Efficacy of carotid endarterectomy
for asymptomatic carotid stenosis. The
Veterans Affairs Cooperative Study
Group [see comment]. N Engl J Med
1993;328(4):221-7. Comment in: N
Engl J Med 1993;328(4):276-9.
23. Sackett DL. Rules of evidence and clinical
recommendations on the use of antithrombotic agents. Chest 1989;95:2S-4S.
24. Sackett DL. Rules of evidence and clinical recommendations for the management of patients. Can J Cardiol 1993;
9:487-9.
25. Carotid surgery versus medical therapy
in asymptomatic carotid stenosis.
CASANOVA Study Group. Stroke
1991;22:1229-35.
26. Results of a randomized controlled
trial of carotid endarterectomy for
asymptomatic carotid stenosis. Mayo
Asymptomatic Carotid Endarterectomy Study Group. Mayo Clin Proc
1992;67:513-8.
27. Perry JR, Szalai JP, Norris JW. Consensus against both endarterectomy and
routine screening for asymptomatic
carotid artery stenosis. Canadian Stroke
Consortium [see comment]. Arch
Neurol 1997;54(1):25-8. Comment in:
Arch Neurol 1997;54(1):23-4.
28. Toole JF. Quality-based medicine [editorial]. Arch Neurol 1997;54:23-4.
29. Mattos MA, Modi JR, Mansour MA,

Mortenson D, Karich T, Hodgson KJ,
et al. Evolution of carotid endarterectomy in two community hospitals:
Springfield revisited — seventeen years
and 2243 operations later. J Vasc Surg
1995;21(5):719-28.
30. Fode NC, Sundt TM, Robertson JT,
Peerless SJ, Shields CB. Multicenter
retrospective review of results and
complications of carotid endarterectomy in 1981. Stroke 1986;17:370-6.
31. Salonen R, Seppanene K, Rauramaa R,
Salonen JT. Prevalence of carotid atherosclerosis and serum cholesterol levels in eastern Finland. Atherosclerosis
1988;8:788-92.
32. Salonen R, Salonen JT. Progression of
carotid atherosclerosis and its determinants: a population-based ultrasonography study. Atherosclerosis 1990;81:33-40.
33. Jungquist G, Hanson BS, Isacsson SO,
Janzon L, Steen B, Lindell SE. Risk
factors for carotid artery stenosis: an
epidemiological study of men aged 69
years. J Clin Epidemiol 1991;44(45):347-53.
34. Heiss G, Sharrett AR, Bames R,
Chambless LE, Szklo M, Alzola C.
Carotid atherosclerosis measured by Bmode ultrasound in populations: associations with cardiovascular risk factors
in the ARIC study. Am J Epidemiol
1991;134(3):250-6.
35. Faggioli GL, Curl GR, Ricotta JJ. The
role of carotid screening before coronary artery bypass. J Vasc Surg 1990;
12:722-9.
36. Jausseran JM, Bergeron P, Reggi M,
Chiche G, Serra-Rosset G, Courbier R.
Single staged carotid and coronary arteries surgery. Indications and results.
J Cardiovasc Surg (Torino) 1989;30
(3):407-13.
37. Lusiani L, Visona A, Castellani V, Ronsisvalle G, Pagnan A, Bonanonome A,
et al. Prospective evaluation of combined carotid and coronary surgery. Eur
J Cardiothorac Surg 1987;1(1):16-9.
38. Salasidis GC, Latter DA, Steinmetz OK,
Blair JF, Graham AM. Carotid artery duplex scanning in preoperative assessment
for coronary artery revascularization: the

association between peripheral vascular
disease, carotid artery stenosis, and
stroke. J Vasc Surg 1995;21(1):154-62.
39. Ricotta JJ, Faggioli GL, Castilone A,
Hassett JM. Risk factors for stroke after cardiac surgery: Buffalo CardiacCerebral Study Group. J Vasc Surg
1995;21(2):359-64.
40. Pillai L, Guttierez IZ, Curl GR, Gage
AA, Balderman SC, Ricotta JJ. Evaluation and treatment of carotid stenosis
in open-heart surgery patients. J Surg
Res 1994;57(2):312-5.
41. Balderman SC, Gutierrez IZ, Makula
P, Bhayana JN, Gage AA. Noninvasive
screening for asymptomatic carotid
artery disease prior to cardiac operation.
Experience with 500 patients. J Thorac
Cardiovasc Surg 1983;85(3):427-33.
42. Wareing TH, Davila-Roman VG, Daily
BB, Murphy SF, Schechtman KB, Barzilai B, et al. Strategy for the reduction of
stroke incidence in cardiac surgical patients [see comment]. Ann Thorac Surg
1993;55:1400-8. Comment in: Ann
Thorac Surg 1994;58(6):1788-9.
43. Gentile AT, Taylor LM, Moneta GL,
Porter JM. Prevalence of asymptomatic
carotid stenosis in patients undergoing
infrainguinal bypass surgery. Arch Surg
1995;130:900-4.
44. Ahn SS, Baker JD, Walden K, Moore
WS. Which asymptomatic patients should
undergo routine screening carotid duplex
scan? Am J Surg 1991;162:180-4.
45. Klop RB, Eikelboon BC, Taks AC.
Screening of the internal carotid arteries in patients with peripheral vascular
disease by colour-flow duplex scanning. Eur J Vasc Surg 1991;5:41-5.
46. Alexandrova NA, Gibson WC, Norris
JW, Maggisano R. Carotid artery
stenosis in peripheral vascular disease. J
Vasc Surg 1996;23:645-9.
47. Marek J, Mills JL, Harvich J, Cui H, Fujitani RM. Utility of routine carotid duplex screening in patients who have claudication. J Vasc Surg 1996;24(4):572-9.
48. How to read clinical journals: III. To
learn the clinical course and prognosis
of disease. CMAJ 1981;124(7):869-72.
CJS, Vol. 41, No. 3, June 1998

213

