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Abstract
Objective: To determine whether the addition of carotid endarterectomy to aggressive medical management
can reduce the incidence of cerebral infarction in patients with asymptomatic carotid artery stenosis.

Design: Prospective, randomized, multicenter trial.
Setting: Thirty-nine clinical sites across the United States and Canada.

Patients: Between December 1987 and December 1993, a total of 1662 patients with asymptomatic carotid
artery stenosis of 60% or greater reduction in diameter were randomized; follow-up data are available on 1659. At
baseline, recognized risk factors for stroke were similar between the two treatment groups.

Intervention: Daily aspirin administration and medical risk factor management for all patients; carotid
endarterectomy for patients randomized to receive surgery.

Main Outcome Measures: Initially, transient ischemic attack or cerebral infarction occurring in the distribution
of the study artery and any transient ischemic attack, stroke, or death occurring in the perioperative period. In
March 1993, the primary outcome measures were changed to cerebral infarction occurring in the distribution of the
study artery or any stroke or death occurring in the perioperative period.

Results: After a median follow-up of 2.7 years, with 4657 patient-years of observation, the aggregate risk over
5 years for ipsilateral stroke and any perioperative stroke or death was estimated to be 5.1% for surgical patients
and 11.0% for patients treated medically (aggregate risk reduction of 53% (95% confidence interval, 22% to 72%)).

Conclusion: Patients with asymptomatic carotid artery stenosis of 60% or greater reduction in diameter and
whose general health makes them good candidates for elective surgery will have a reduced 5-year risk of
ipsilateral stroke if carotid endarterectomy performed with less than 3% perioperative morbidity and mortality is
added to aggressive management of modifiable risk factors.
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(JAMA. 1995;273:1421-1428)

More than 500 000 new strokes occur annually in the United States, and it has been estimated that carotid
artery disease may be responsible for 20% to 30% of them [1]. The annual stroke event rate for asymptomatic
patients with hemodynamically significant carotid artery stenosis ranges from 2% to 5% [2-5]. Carotid artery
stenosis usually is identified after transient ischemic attack (TIA), but for many patients, cerebral infarction caused
by artery-to-artery embolism or carotid occlusion is the initial event. Progression of asymptomatic carotid artery
stenosis to occlusion is unpredictable and can be disastrous; at the time of occlusion, disabling stroke may occur in
20% of patients, and thereafter in 1.5% to 5% annually [6-8]. On the other hand, the 30-day major morbidity and
mortality for patients who undergo surgery for asymptomatic stenosis ranges from 0.0% to 3.8%, and that for
patients with symptomatic stenosis may be 6% [9]. Because the role of carotid endarterectomy (CEA) for
asymptomatic carotid artery stenosis had not been proved [10-12], the Asymptomatic Carotid Atherosclerosis Study
(ACAS) was initiated in 1987 [13]. The ACAS is an investigator-initiated randomized trial designed to test whether
CEA should be a component of management for selected patients with asymptomatic stenosis of the common carotid
bulb, the internal carotid sinus, or both. The question addressed was: Will CEA added to aggressive reduction of
modifiable risk factors and administration of aspirin reduce the 5-year risk of ipsilateral cerebral infarction in
individuals with asymptomatic hemodynamically significant carotid artery stenosis?

Secondary objectives were to determine the surgical success in lesion removal and the incidence of recurrent
carotid stenosis, the rate of progression or regression of carotid atherosclerosis in the medically treated
comparison group, and the incidence of all other vascular events, such as TIA, myocardial infarction, and death
related to vascular disease during follow-up.

METHODS
The design and organization of the ACAS are detailed elsewhere [13]. Thirty-nine clinical centers were chosen
from an applicant pool of 55. All obtained institutional review board approval of the study protocol.

Recruitment

Study participants were recruited from ultrasound vascular laboratories, practitioners who auscultated carotid
bruits, and physicians who found carotid stenosis during evaluation for peripheral vascular surgery or contralateral
CEA.

Inclusion criteria were age between 40 and 79 years; compatible history and findings on physical and
neurological examinations; performance of required laboratory and electrocardiographic examinations no earlier
than 3 months before randomization; patient accessibility and willingness to be followed for 5 years; and valid
informed consent.

Exclusion criteria were cerebrovascular events in the distribution of the study carotid artery or in that of the
vertebrobasilar arterial system; symptoms referable to the contralateral cerebral hemisphere within the previous
45 days; contraindication to aspirin therapy; a disorder that could seriously complicate surgery; or a condition that
could prevent continuing participation or was likely to produce disability or death within 5 years. (Detailed
information regarding eligibility and exclusion is available on request from the corresponding author.)

The ACAS definition of hemodynamically significant carotid stenosis required that at least one of three criteria
was met: arteriography within the previous 60 days indicating stenosis of at least 60% reduction in diameter (if the
arteriogram was performed 61 to 364 days before randomization, Doppler ultrasonography was required to verify
that the artery had not occluded); Doppler examination within the preceding 60 days showing a frequency or
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velocity greater than the instrument-specific cut point with 95% positive predictive value (PPV); or Doppler
examination showing a frequency or velocity greater than the instrument-specific 90% PPV cut point confirmed by
ocular pneumople-thysmographic (OPG-Gee) examination performed within the previous 60 days.

A patient could enter the study with unilaterally or bilaterally asymptomatic, hemodynamically significant
stenosis, but only one artery was the study artery. If two arteries were eligible, the one with the greater stenosis
was selected. If the stenoses were identical, the left carotid artery was chosen. Patients randomized to surgery on
the basis of Doppler or Doppler with OPG-Gee were required to have an arteriogram prior to CEA. If a
postrandomization arteriogram revealed the contralateral artery to have the greater stenosis, it then became the
study artery. The nonstudy artery was managed medically unless a cerebrovascular event occurred, at which time
CEA could be considered.

Arteriographic Measurements

The minimal residual lumen (MRL) and the distal lumen (DL) were measured on the same radiograph. The MRL
was the smallest lumen diameter at the site of the stenotic lesion. The DL was the diameter at the first point
distal to the MRL at which the arterial walls became parallel. Percentage of stenosis was calculated as 100 x
(1-(MRL/DL)).

Ultrasound Measurements

Because of the heterogeneity among ultrasound devices and techniques, we established a cut point for each by
comparing Doppler ultrasonography with arteriograms performed within 42 days of each other. Doppler cut points
were computed for peak systolic frequency or, if indeterminant, end diastolic frequency, based on data from 50
consecutive patients [14].

Randomization

An ACAS neurologist and an ACAS surgeon gave joint approval for entering patients. Once the eligibility criteria
had been confirmed and after informed consent was obtained, the patient was randomized using the permuted
block method with at least three different block sizes determined randomly, stratified by center, gender, number
of eligible arteries, and previous contralateral CEA. The assignment category was communicated to each clinical
center by the statistical coordinating center through an individualized computer program arranged so that the
clinical center could neither predict nor reject an assignment.

Medical Treatment

All patients received 325 mg of regular or enteric-coated aspirin daily (provided by Sterling Health USA, New
York, NY). Stroke risk factors and their modification were reviewed with all patients at the time of randomization
and again during subsequent interviews and telephone follow-up. This included discussion of diastolic and systolic
hypertension, diabetes mellitus, abnormal lipid levels, excessive consumption of ethanol, and tobacco use.
Whenever possible, the recommendations of the ACAS Risk Factor Reduction Committee were followed (available on
request from the corresponding author).

Surgical Treatment

In addition to 325 mg of aspirin daily and risk factor modification counseling, patients randomized to the
surgical arm received the normal evaluation and care of a surgical patient. They were scheduled to undergo CEA
within 2 weeks of randomization. If an arteriogram or cranial computed tomogram (CCT) had not been performed,
the patient underwent the procedure(s) before CEA. The arteriogram must have demonstrated a stenosis of 60% or
greater. Patients with a postrandomization, presurgery arteriogram demonstrating less than 60% stenosis or a
distal abnormality such as aneurysm, arteriovenous malformation, or siphon stenosis exceeding the proximal
stenosis did not undergo surgery but were retained in the surgical arm for comparison analyses. Asymptomatic
cerebral infarction demonstrated by CCT was not an exclusion for surgery [15]. No attempt was made to
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standardize or control anesthesia or surgical techniques used by the 117 ACAS-credentialed surgeons [16].

The surgeon, the ACAS neurologist, and the ACAS patient coordinator examined each patient 24 hours after
CEA. All deficits occurring through the 30-day perioperative period required the administration of the end point
review process (described below).

Follow-up

Follow-up evaluations were conducted at 1 month and thereafter every 3 months, alternating between clinic
visits and telephone contacts. During the clinic visit, patients completed a medical history questionnaire and
TIA/stroke questionnaire and underwent physical and neurological examinations and a Mini-Mental State
Examination [17]. Risk reduction management was reviewed and aspirin adherence was determined by pill count.

Doppler ultrasound studies were repeated at the 3-month follow-up, every 6 months thereafter during the first
24 months, then yearly, and at potential or verified end point or at exit from the study after 5 years; CCT was
repeated at potential end point or exit. Electrocardiogram was repeated when clinically indicated and at exit.

Patients were instructed to notify the coordinator if symptoms suggesting possible TIA or stroke occurred. The
coordinator scheduled urgent evaluations by the ACAS neurologist and surgeon, and activated the end point
verification system.

In addition to identification of events from clinic visits and telephone contacts, hospital discharge diagnoses
and death certificates were reviewed for coronary events and strokes.

End Point Definition and Verification

A TIA was defined as a focal ischemic neurological deficit of abrupt onset lasting at least 30 seconds and
resolving completely within 24 hours. Deficits persisting longer than 24 hours were classified as stroke [18]. All
strokes or deaths occurring within 30 days after randomization in the surgical and 42 days in the medical groups
were included as end points to reflect operative morbidity and mortality. The difference in times reflected an
average 12-day interval between randomization and surgery.

Initial review was conducted under a stringent timetable involving one external expert masked for local
diagnosis, treatment assignment, clinical center, and temporal relationship to surgery (if done). In addition, every
potential event was abstracted, masked, and reviewed together by all six experts on the End Point Review
Committee. Our analyses are based on their diagnoses.

Secondary analyses considered any stroke and perioperative death; any stroke and any death; and any
ipsilateral TIA and stroke and any perioperative TIA, stroke, or death. The ACAS used categories 2 through 5 of the
Glasgow scale to determine a major stroke, defined as a stroke resulting in moderate or severe disability,
persistent vegetative state, or death [19].

Statistical Analyses

Initially, the primary end points for evaluation of the two treatments were ipsilateral TIA, stroke, or any
perioperative TIA, stroke, or death. The primary analysis is the comparison of the 5-year risk of cerebrovascular
events in the two groups. Because both treatments were in wide use, a two-sided test of the null hypothesis
(alpha=.05) was chosen. Power calculations included all randomized patients according to original treatment
assignments (intention-to-treat analysis). Assuming an annual event rate in the worse-outcome group of 3% for TIA
and 1% for cerebral infarction, these calculations indicated that 750 patients were needed in each treatment arm
for 90% power to detect a 35% difference in 5-year event rates, allowing for as much as 20% loss to follow-up.
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The results of the Veterans Affairs trial [20] demonstrated that CEA is preferable to medical management for
preventing TIA in asymptomatic carotid stenosis, and the North American Symptomatic Carotid Endarterectomy Trial
[21] demonstrated that infarction following TIA is better managed surgically. Neither resolved the issue of whether
CEA prevents unheralded cerebral infarction. Therefore, in March 1993, the ACAS Executive Committee and the Data
and Safety Monitoring Committee voted to restrict the primary end point to stroke and perioperative complications
or death.

For baseline comparisons, we used two-tailed t tests for comparing the means of continuous variables and chi
squared (chiz) for comparing distributions of categorical variables, with no adjustment for multiple comparisons.
Kaplan-Meier estimates of 5-year aggregate risk were compared between treatment groups using either
Greenwood's formula for variances, for a large-sample test ignoring randomization stratification [22], or
randomization tests, respecting randomization strata [23]. In the initial years of treatment comparison, 1991
through 1993, the tests were for 2-, 3-, or 4-year aggregate risk. The randomization test was the primary method
for interim treatment comparisons (see below). By the time of study closure P values from the two methods agreed
within.002, so that all test results and confidence intervals (Cls) reported are based on large-sample tests unless
otherwise noted.

Semiannual treatment comparison analyses were used to advise the Data Safety and Monitoring Committee
whether a significance boundary had been crossed. The stopping rule was a modified OBrien-Fleming [24] rule for
maintaining the desired overall significance level despite repeated testing. The modification was for testing at
selected intervals rather than predetermined numbers of events. The five analyses originally planned were changed
to 10, because recruitment lagged and TIA was deleted as a primary end point. The critical value for the test
statistic was 6.00 at the first test and 2.07 for the 10th, as compared with 1.96 for a single test at the
significance level.05. The study was stopped after the eighth test, when the critical value was 2.38, corresponding
to a nominal significance level of.017.

Treatment comparisons are reported herein in terms of relative risk reduction, the 5-year risk reduction due
to surgery as a proportion of risk in the medical group [25]. Absolute treatment group-specific risk levels are also
provided for calculation of absolute risk reduction. For the primary event the number of patients treated to
prevent one event over 5 years was calculated as the inverse of the absolute risk reduction [25].

Intention-to-treat analyses were used for all comparisons unless otherwise indicated, regardless of
postrandomization ineligibility or crossover. End points for medical patients who received CEA after verified
ipsilateral end point were categorized as perioperative if they occurred within 30 days of CEA. All tests were two
tailed.

COHORT CHARACTERISTICS

During the 6 years of the study, more than 42 000 patients were screened and 1662 patients were randomized.
Twenty-four centers contributed more than 30 patients each, and 13 contributed more than 50 patients. The
average number of patients recruited per center was 43.

From March 1988 through October 1993, 12 080 CEAs were performed at the sites. Six percent (683) were
performed on "likely eligible nonrandomized” patients of ACAS physicians, 6% (758) were performed on already
randomized ACAS patients, and the rest were performed on symptomatic patients, ineligible patients, or patients
of surgeons not collaborating in the ACAS.

Patient characteristics are presented in Table 1. Of the 1662 randomized patients, three in the surgery group
were lost to follow-up after randomization and are excluded from analysis, leaving 1659. The 825 surgical and 834
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medical patients were compared for 189 baseline characteristics, with only six tests yielding nominal statistically
significant differences at the.05 level. Two thirds of the patients were men, 95% were white, and 48% were aged
60 through 69 years. Mean age was 67 years; mean weight, 81 kg for men and 67 kg for women; mean systolic blood
pressure, 146 mm Hg; mean diastolic blood pressure, 78 mm Hg; and mean total cholesterol concentration, 5.90
mmol/L (228 mg/dL). Approximately 75% of patients had a bruit associated with the study artery, and in 43%, a
contralateral carotid bruit was heard; 21% had a previous myocardial infarction, and 21% a previous coronary artery
bypass. Sixty-four percent had hypertension, 26% were cigarette smokers, and 23% had diabetes mellitus.
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Tanie 1. —Baseline Charactenstcs of Randomized
Fatients by Treaiment Assignment, in Percentages®
A ——
Treatment
Assignment
i i
Surgical Medical
Bazeline Characteristic (n=B25) (n=834)
Age, ¥
40-48 & 2
50-58 13 15
§0-68 b0 46
70-78 36 38
Race
White o4 o5
Biack 3 3
Other 2 2
Sex
iF: 66 86
F 34 34
History
Coronary ariery diseaset 63 £9
Hypertensioni &4 84
Cancer 12 10
Diabetes melltus 25 21
Lung disease at enlry & 5
Current cigaretie smoker 28 24
Bilaterally eligible srteries 10 ;i
Frevicus contralateral
Endarterectomy 20 19
TiA or stroke§ 22 27
EC-C bypass <1 0
Subciavian bypass <% <1
Bruits in neck|]
ipsiteters] 76 74
Gontralateral 44 43
infarct on CT scany
Any location 22 Pl
ipaiiateral sitent a3 o
Contralateral occlusion
by Doppler 10 )
R R R R R R L e e
*114 ingicates transient ischemic attack, EC-IC, exter-
nal carotid—internal carcid: and CT, computed tomographic.
1Defined as positive history of angina, coronary artery
bypass, previcus myeocardial infarction, or abnomasl elec-
trocardiogram,
1Positive response to "Has your doctor ever told you
that you had high Bood pressure or were hyperiensive?”
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Table 1. Baseline Characteristics of Randomized Patients by Treatment Assignment, in Percentages

Four hundred seven patients (25%) had had a previous hemispheric event contralateral to the study artery, and
1155 (70%) were asymptomatic in the distribution of both arteries.

Thirty-nine percent of patients were randomized on the basis of an arteriogram showing at least 60% stenosis
of the carotid artery. Fifty-five percent were randomized with a Doppler PPV cut point of at least 95%, and 6% with
a Doppler cut point of at least 90% confirmed by OPG-Gee. The positive predictive value of Doppler, estimated from
the postrandomization presurgery angiogram, was 93%.

Table 2shows the distribution of percentage of stenosis for prerandomization and postrandomization
arteriograms before CEA. Because the health status of patients who received prerandomization arteriograms may
differ from that of those who did not, a weighted estimate based on both categories is included. Five percent of
patients had stenosis of the randomized artery less than 60%; 39%, 60% to 69% stenosis; 28%, 70% to 79% stenosis;
25%, 80% to 89% stenosis; and 5%, 90% to 99% stenosis, for a mean percentage of stenosis of 73%.

atls 2 ~—Arteriograpiic Stenosis of the Ipsilstersl Carotid Artary

R B B A A R R B S S O RO R S el
Prerandomizaticn Arterlogram

i 3 Fostrandamization
Vo Stonosis Meadicat Surgicat Fotaf %) Pregurgery Arteriograns
059 Mot applicable HA A 32 (3
8062 131 37 268 (42} 139 (24}
TO-7% 54 §3 187 8} 116 (26
BO-B% 78 i 154 (24} 107 (28}
S0-0% 13 s 33 (5 248
Totat 313 g 842* 4121

I e L R T R T e e o s R v ey |
*Tweo patiedts ware WHssiig, ohe it aach group.
Tiwo patonts were mising.

Table 2. Arteriographic Stenosis of the Ipsilateral Carotid Artery

The Central Reading Center classified 536 baseline CCTs [15] as showing cerebral infarction. If an infarct was
present, it was further classified by age, size, distribution, and volume. Local and central readers agreed on 89% of
the cases. Using the Central Reading Center as the standard, the sensitivity of local reading was 71% and the
specificity was 94%.

RESULTS
Of the 825 surgical patients, 101 did not have ipsilateral arteriography or CEA, 45 because of patient refusal

despite prior agreement to accept either treatment. Twelve patients were rejected for surgery because of severe
cardiac disease. Three had a stroke or died before arteriography or surgery was performed. Arteriograms found 33
patients to be ineligible, six because of intracranial abnormalities and 27 because of less than 60% carotid artery
stenosis. Eight patients did not have surgery for various other reasons. Of the 834 patients randomized to medical
treatment, 45 received CEA without a verified ipsilateral TIA or stroke. Thus, 146 (9%) patients did not receive the
assigned treatment. Eleven patients dropped out from follow-up in the medical and nine in the surgical group.

During the perioperative period, 19 surgical patients (2.3%) had a stroke or died. Two patients had a stroke,

one died prior to hospitalization, and five had a cerebral infarction as a direct result of arteriography, one of
whom died. There were 10 nonfatal strokes and one fatal myocardial infarction during the 30-day postsurgery
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period. In the comparable perioperative period for the medical group, three patients (0.4%) had a cerebral
infarction (two patients) or died (one patient). For the surgical group, the risk in the perioperative period was
2.3% (95% Cl, 1.28% to 3.32%), whereas for the medical group it was 0.4% (95% Cl, 0.0% to 0.8%).

All patients randomized to the surgical group were required to have arteriography. Of the 414 patients who
underwent arteriography prior to CEA, five experienced a cerebral infarction, for an arteriographic complication
rate of 1.2%. It is estimated that if all 724 patients receiving CEA had undergone arteriography as a part of the
ACAS, 8.7 arteriographic cerebral infarctions would have occurred in addition to the 11 primary events in the 30
days following surgery, for an overall rate of 2.7% for cerebral infarction or death from the procedure.

Sixteen fatalities, potentially due to strokes, were reviewed by the Cerebrovascular End Point Review
Committee. In no case was there a difference between the End Point Review Committee diagnosis and the local
physician diagnosis. These events included six hemorrhagic strokes, two cerebral infarctions in the distribution of
the randomized artery, three cerebral infarctions in the nonrandomized distribution, and five deaths not due to
stroke.

Treatment Comparisons

The study achieved its significance boundary after a median of 2.7 years of follow-up, with 9% of patients
having completed 5 years; 26%, 4; 44%, 3; 68%, 2; and 87%, 1 year of follow-up. Because surgical patients were at
greatest risk during the first month after endarterectomy, whereas the risk for medical patients was distributed
throughout 5 years, comparisons near term greatly understated the differences expected after 5 years. Table
3presents the observed number of events and also the Kaplan-Meier estimates predicted if all patients had been
followed for 5 years. The estimated 5-year risk of ipsilateral stroke and any perioperative stroke or death was
11.0% for the medical group and 5.1% for the surgical group. The reduction in 5-year ipsilateral stroke risk in the
surgical group was 53% of the estimated 5-year risk in the medical group (95% Cl, 22% to 72%). The P value for the
test of the difference between the treatment groups in 5-year risk of primary event was.004 by the large-sample
test and the randomization test. For the primary end point of ipsilateral stroke and any perioperative stroke or
death, the survival curves in the Figure 1cross near 10 months and become significantly reduced in the surgical
group by 3 years (P<.05).

Facle 3 wNumeor af Obmerved Lvonts inedan & - Tesr & llow-up, Ezhmeied Mumber and “escontzge of Dvonts in & Yaam, Sececian Gue o Surgary in <5 exr
Fiak gz o Propafion of BRk n e Mpdicad Group (90% 56, and Lega-Fample & value R Vieatment Siegap DEteence, by Svens Type®
e e e T L A e L s o e S P s L S e e L e A ]
Heapaot (i) Furgivhl {rnsdE)
B Y | Feadueae Dna
CIEsatyac] Kepfar-#inc Qbnacrad Haplao-Meier In SCIgary it Sy Rlak
Ne. af Evertn Eatrmmie of &y Wa. pf Eveats Enfitatd 64 5 osa Proportion ol Risk
iF e 2.7-y Evend Alak, il Malslap 2.7y Teriit FASH, ity Medd|esl Grabp
Euany Typm Fofloa-up Nes, 4500 Tallowang M. 3] 105% CI| L
|psradera sdrehe o Aoy petopeaHee sirako or goa'.‘u Eod Uz s EI..: vvvvvvvvv e N ;«Z =2 )] PO BN L e WL | - il
Ftaion ipalata s DTCEk o Ay
Ik e e sk oka ar deeath o AOE O Fa 403 4) DAE (0T 8 G %
Ioalixra TE8, ot alroks or Sy Sorictasiive T14 o
stohn 5r teaih ihe 100 (19,2 & ar @ QB [0 R0 0.0 =007
Py aEiha O Gt peetjionkliud 34o5Th i LG LT ) S 02 (HRA) L5 1000w L5 ]
Ay mAIGT FroRe o anTCRorstes doath At foiEn L =2 S3mA) Fanl-030a e 25 |
Iny sherka ar daadh fic.) nEE: s 5t 137 214 (05 &) 2,70 |-0.62 b £.27F it
[hny Znmjor Bl o duoks 1% 2320 5 15 172207 RUREN B v - i

Y| pdicatis etSdmnda inounl, and 144, ranalsnt mehoonbe altsck. I

Table 3. Number of Observed Events in Median 2.7-Year Follow-up, Estimated Number and Percentage of Events in 5
Years, Reduction Due to Surgery in 5-Year Risk as a Proportion of Risk in the Medical Group (95% Cl), and Large-
Sample P Value for Treatment Group Difference, by Event Type
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Figure 1. Proportion of patients without end point at a given time during follow-up, by treatment group, using
Kaplan-Meier estimation method. Solid line indicates medical patients; broken line, surgical patients; and TIA,
transient ischemic attack

The results for secondary end points are in the same direction although not always statistically significant
Table 3and Figure 1. Ipsilateral TIA or stroke or any perioperative TIA, stroke, or death--the original primary end
point for the ACAS--showed a 57% reduction in 5-year risk for the surgery group (95% Cl, 39% to 70%). In terms of any
stroke or death, the surgery group had a 20% reduction in events (95% Cl, -2% to 37%). The reduction due to CEA in
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major ipsilateral stroke or perioperative death was 43% (95% Cl, -17% to 72%). Table 4shows the causes of death
were similar for the two groups, except for death not proved to result from myocardial infarction.
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Table 4. —Number of Deaths, Overall and by
Treaiment Group, in the ACAS, December 1987
Through December 31, 1804%
L]
Treatment Group
i |
Cause of Death Surgical Medical
Perioperative only 3 1
ipsilateral stroke 2 3
Stroke on contralateral gide
or posterior circuiation 1 2
Cerebral hemorrhage 3 4
Acuie myocardial infarction 21 24
Other cardiac disease 15 24
Other vascular disorder 1 2
Respiratory failure 10 >
Cancer 1B 13
Tuberculosis 1 0
Renal failure 4 2
Gastrointestinal system
disease 4 3
Nervous system disease 1 0
Trauma 2 o
Uinknown 0 2%
Total Deaths 83 89
Deaths per 100 person-years
of follow-up 3.5 3.8
e
*ACAS indicates Asymptomatic Carotid Atheroscle-
rosis Study.
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Table 4. Number of Deaths, Overall and by Treatment Group, in the ACAS, December 1987 Through December 31,
1994

Table 5summarizes results for ipsilateral stroke or any perioperative stroke or death by patient subgroups. In
men, CEA reduced the 5-year event rate by 66% (95% Cl, 36% to 82%); in women, the event rate was reduced by 17%
(95% Cl, -96% to 65%). However, the difference between genders was not statistically significant (P=.10). The
proportion of women with perioperative complications was 3.6%, compared with 1.7% for men (P=.12). However,
among patients who had no perioperative event, 5-year risk was reduced by 56% for women (95% Cl, -50% to 87%),
compared with a reduction of 79% for men (95% Cl, 52% to 91%) (data not shown). Table 5shows a larger risk
reduction due to CEA for younger patients, but the difference is not statistically significant (P=.50).
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Table 5. Number and Percentage of Perioperative Strokes or Deaths, Number of Observed Events in Median 2.7-Year
Follow-up, Estimated Number and Percentage of 5-Year Ipsilateral Strokes or Perioperative Strokes or Deaths, and
Reduction Due to Surgery in 5-Year Risk as a Proportion of Risk in the Medical Group, With 95% Cl, by Subgroup

Reanalysis excluding the 146 crossovers, ie, restricted to those patients who received the assigned treatment,
shows that surgery reduced 5-year stroke risk by 55% (95% Cl, 23% to 74%). Alternatively, for the 1155 patients who
had no contralateral TIA, stroke, or endarterectomy prior to randomization, surgery reduced the 5-year stroke risk
by 46% (95% Cl, 0% to 71%) Table 5.

The percentage of stenosis for the 642 patients who received an arteriogram within 6 months preceding
randomization is shown in Table 5. Throughout the three groups, ie, for patients with 60% to 69%, 70% to 79%, and
80% to 99% stenosis, there was no statistically significant gradation in reduction of 5-year risk of primary event,
but sample sizes were small. The patients for this comparison all had an arteriogram performed before
randomization, so the risk of stroke from undergoing an arteriogram was not included in the calculations. If a 1.2%
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arteriogram risk were added to the surgery groups at the three stenosis levels, the risk reductions become 0.35,
0.49, and 0.13, respectively, which are consistent with the overall results of the ACAS.

COMMENT

The ACAS was designed to test the efficacy of CEA for preventing ipsilateral stroke during a 5-year period. Even
though this report includes patients followed up for a median of only 2.7 years, with 9% having completed 5 years
of follow-up, the data demonstrate a statistically significant (P=.004) difference between the estimated 5-year
ipsilateral stroke rates of 11.0% for the medical and 5.1% for the surgical group. Moreover, the results are in the
same direction for all subgroups considered, including deciles of stenosis (although not statistically significant
because of small sample size), and for various secondary cerebrovascular end points. Furthermore, the results are
virtually the same when restricted to all patients receiving the assigned treatment, and are almost identical for
patients without previous contralateral symptoms or endarterectomy.

Approximately 70% of our medical and surgical patients had arteriographic stenoses less than 80%. Even so, the
estimated 5-year ipsilateral stroke rate in the ACAS medical group was 11.0% (about 2.3% annually). The stroke
rate in the medically managed group decreased to the lower end of the previously reported range, perhaps as a
result of vigorous risk factor management and exclusion of high-risk patients.

There were no significant differences in primary event rates between patient groups with and without
symptoms or previous CEA of the contralateral carotid artery. With an annual mortality rate of 3.7%, approximately
89% of patients survived long enough to benefit from the protective effect of the operation, because the crossover
in favor of surgery occurred within the first year.

Four other randomized prospective studies of CEA for asymptomatic carotid artery stenosis have been reported.
One did not include stenosis exceeding 90% [26], another was terminated early because of excess cardiac events
[27], and a third, the European Asymptomatic Carotid Surgery Trial, is ongoing [28].

The fourth, the Veterans Affairs Cooperative Trial, randomized 444 patients and published results based on a
mean follow-up of 47.9 months. The Veterans Affairs study differed from the ACAS in that only men were studied
and all patients had an arteriogram [20].

Like the Veterans Affairs trial, the ACAS showed an advantage for CEA in preventing TIAs, cerebral infarctions,
and death in men. In addition, the ACAS showed an advantage in reducing the risk of ipsilateral stroke alone. Our
results are consistent with others that established that symptomatic patients with carotid stenosis greater than
70% were best treated by CEA [21,29].

Because a 10% difference in lumen diameter on arteriogram is approximately 0.5 mm, and the lumen area
stenosis difference is only 6%, this cannot be measured accurately, and when miniaturized images are used, these
differences cannot be discerned. Therefore, we believe that stenoses with 60% and 70% reductions in diameter are
both hemodynamically significant, and that putative difference by decile is within the range of observer variability

[30-32].

It has been suggested that arteriography should have been required for all ACAS patients to ensure that only
those with greater than 60% stenosis were entered. However, it was the judgment of the ACAS group that the
hazards and costs of arteriography were not warranted for patients in our medical group. This was borne out by
the 1.2% stroke rate from arteriography. Our Doppler criteria were established to maintain a PPV of 95% [14].
Retrospective analysis of all postrandomization, presurgery arteriograms demonstrated that our actual PPV was
93%. This indicates that our medical patients did indeed have significant carotid artery stenosis, with fewer than
5% having less than the required 60%.
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If all patients who underwent surgery had received arteriography as part of the surgical treatment, the
absolute risk reduction would have been from 11.0% to 5.6%. Using ACAS eligibility requirements, 19 CEAs would be
necessary to prevent one stroke over 5 years [25]. This ratio would be less if patient subsets at higher risk for
stroke could be identified.

A CEA can be performed with a low complication rate even in elderly patients. In selected instances, some ACAS
surgeons now operate without arteriography on the basis of noninvasive studies [33,34] and sometimes discharge
patients 24 hours following surgery [35]. These and other measures may reduce costs if proved generally feasible.

CONCLUSIONS

The ACAS has demonstrated that the incidence of cerebral infarction can be reduced by CEA and that stringent
quality control measures can reduce surgical morbidity and mortality. A major reason was the 30-day morbidity and
mortality of ACAS patients, estimated to have been 2.7% if all surgery patients had undergone arteriography as
part of the study. This includes arteriographic complications of 1.2%. These results may be improved further by
reducing risk associated with contrast arteriography. The ACAS has established that men with a good life
expectancy who have asymptomatic carotid artery stenosis with at least 60% reduction in diameter are protected
from stroke by CEA, whereas the results for women are less certain. Following CEA, the relative stroke risk
reduction for men and women combined is 53%, with an absolute 5-year risk reduction from 11.0% to 5.1%. The
5-year reduction in stroke risk among men was 66% and among women 17%, perhaps because of the higher
perioperative complication rate in women. Excluding arteriographic and perioperative complications, the risk
reduction was 79% for men and 56% for women.
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Cranial Computerized Tomography Reading Center.--University of Cincinnati (Ohio): Thomas G. Brott, MD;
Thomas A. Tomsick, MD; Joseph Broderick, MD; Laura Sauerbeck, RN; Christine Blum, RN.

Cerebrovascular End Point Review Committee.--Mark Dyken, MD, chair; John C. M. Brust, MD; Arthur R. Dick, MD;
Robert A. Gotshall, MD; Albert Heyman, MD; Phillip D. Swanson, MD.
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Participating Centers (in order of number of patients randomized, number of patients in brackets, and
personnel listed in the following order: Principal Investigator, Co-Investigator, Coordinator, and Other Key
Personnel, Current and Past)

Lehigh Valley Hospital, Allentown, Pa (142): John Castaldo, MD; Gary Nicholas, MD; Joan Longenecker; Peter
Barbour, MD; Alan Berger, MD; Victor J. Celani; Nancy Eckert, RN; James Goodreau, MD; Judith Hutchinson, RN;
Donna Jenny, RN; Zwu-Shin Lin, MD; Alice Madden, RN; James L. McCullough, MD; Kenneth McDonald, MD; William
Pistone, MD; Alexander D. Rae-Grant, MD; James Redenbaugh, MD; James Rex, MD; Christopher J. Wohlberg, MD.

Marshfield Clinic, Wisconsin (121): Percy Karanjia, MD; Mark Swanson, MD; Sandra Lobner, LPN; R. Lee Kolts, MD;
Marvin E. Kuehner, MD; Bradley C. Hiner, MD; Kenneth P. Madden, MD; Robert D. Carlson, MD; J. Steven Davis, MD;
Thomas Gallant, MD; John J. Warner, MD; Ann Faust, RVT; Nancy Fryza, RVT; John Hasenauer, RVT; Mary Regner, RVT;
Linette Ronkin, RVT; Sharon Schaefer, RVT; Dawn Strack, RVT; Lynn C. Turner, RVT; Ann Walgenbach, RVT; Julie
Graves; Sara Michalski; Linda Schuette.

Columbia University, New York, NY (91): J. P. Mohr, MD; Donald Quest, MD; Annette Cruz; Ralph Sacco, MD; T. K.
Tatemichi, MD; Randolph Marshall, MD; Henning Mast, MD; Oscar Ramos, MD; James Correll, MD; Richard Libman, MD;
George Petty, MD; Anilda Cabrere, MD; Lorraine Oropeza, RN, RVT; Tina Gonzalez.

University of Kentucky Chandler Medical Center, Lexington (88): Byron Young, MD; Creed Pettigrew, MD; Ruthie
Sadler, RN; Robert Dempsey, MD; Eric Endean, MD; Jerry Sherrow, RVT; Marcie Hauer, RN; Charles Lee, MD; Jane
Norton; Michael McQuillen, MD; Sally Mattingly, MD; Steven Dekosky, MD; Andrew Massey, MD.

Hopital de lEnfant Jesus, Quebec City, Quebec (86): Denis Simard, MD; Jean-Francois Turcotte, MD; Charlotte
Benguigui, RN; Jacques Cote, MD (deceased); Jean-Marie Bouchard, MD; Claude Roberge, MD; Denis Brunet, MD;
Fernand Bedard; Reginald Langelier, MD; Marcel Lajeunesse; Jean Marc Bigaouette; Jasmin Parent.

University of California at San Diego (78): Patrick Lyden, MD; Robert Hye, MD; Stacy Lewis, RN; Gerry Cali, RN;
Traci Babcock, RN; Barbara Taft-Alvarez, RN; John Rothrock, MD; Mark Brody, MD; Richard Zweifler, MD; Mark
Sedwitz, MD; Bruce Stabile, MD; Julie A. Freischlag, MD; Yehuda G Wolf, MD; James Sivo; John Forsythe; Melody
Adame.

Loyola University Medical Center, Maywood, Ill (77): William H. Baker, MD; Sudha Gupta, MD; Katy Burke;
Howard P. Greisler, MD; Fred N. Littooy, MD; Michael A. Kelly, MD.

University of Tennessee, Memphis (74): James T. Robertson, MD; William Pulsinelli, MD; Judith A. Campbell, RN,
BSN; John Crockarell, MD; Clarence Watridge, MD; J. Acker, MD; Samard Erkulwater, MD; Michael Jacewicz, MD; Gail
Walker; Patrick OSullivan, MD; Curtis Sauer, MD; Ken Vasu, MD; Kenneth Gaines, MD; Bijan Bakhitian, MD; Tulio E.
Bertorini, MD; Susan Bennett, PA-C; Terrye Thomas, BSN; Nan Stahl, RN; Connie Taylor, RN; Mary Ann Giampapa; Joan
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Connell; Judy Riley; Angeleah Bradley; Jeanette Davis, RN; Kathy Newman; Rebecca Manning; Marcella McCrea.

University Hospital, London, Ontario (63): Vladimir Hachinski, MD; Gary Ferguson, MD; Cheryl Mayer, RN; Henry
J. M. Barnett, MD; S. J. Peerless, MD; A. M. Buchan, MD; Howard Reichman, MD; Andrew Kertesz, MD; Stephen Lownie,
MD; Carole White, RN; Allan Fox, MD; Richard Rankin, MD.

Victoria Hospital, London, Ontario (61): J. David Spence, MD; H. W. K. Barr, MD; Leslie Paddock-Eliasziw, RN; L.
J. P. Assis, MD; J. H. W. Pexman, MD; Maria DiCicco, RVT; Barb Tate, RN; Caroline James, RVT.

Virginia Mason Clinic, Seattle, Wash (57): Edmond Raker, MD; James Coatsworth, MD; Sandy Harris, RN; Hugh
Beebe, MD; Richard Birchfield, MD; Kathy Butler-Levy; Robert Crane, MD; David Fryer, MD; James MacLean, MD; Laird
Patterson, MD; Terence Quigley, MD; John Ravits, MD; Lynne Taylor, MD; Stacy Pullen, RDMS; Shannon Boswell, RDMS;
Karen Kenny, RDMS, RVT.

University of Cincinnati Ohio (55): Thomas Brott, MD; Joseph Broderick, MD; Thomas Tomsick, MD; Laura
Sauerbeck, RN; L. R. Roedersheimer, MD; Richard Fowl, MD; John Tew, MD; Richard Kempczinski, MD; Robert Reed,
MD; Richard Welling, MD; Christine Blum, RN; Bill Schomaker, RN.

Bowman Gray School of Medicine of Wake Forest University, Winston-Salem, NC (52): David Lefkowitz, MD; J.
Michael McWhorter, MD; Charles L. Branch, MD; Jean Satterfield; Robert Cordell, MD; Richard Dean, MD; George
Plonk, MD; Gary Harpold, MD; James F. Toole, MD; Francis Walker, MD; Cathy Nunn, RN RVT; Larry Myers, MBA, RDMS,
RVT; Charles Tegeler, MD; Sharon Hardin, RVT, RCMS; Dana Meads, RT-R, RVT.

University of lowa Hospital and Clinics, lowa City (49): Harold P. Adams, Jr, MD; Christopher M. Loftus, MD; Lynn
A. Vining, RN; Birgette H. Bendixen, MD, PhD; Jose Biller, MD; John D. Corson, MD; Patricia H. Davis, MD; John C.
Godersky, MD; David L. Gordon, MD; Michael R. Jacoby, MD; Laurens J. Kappelle, MD; Timothy F. Kresowik, MD; E.
Eugene Marsh Ill, MD; Betsy B. Love, MD; Asad R. Shamma, MD; Karla J. Grimsman, RN; Dawn M. Karboski, RN; Ed V.
Miller, RVT.

Johns Hopkins Bayview Medical Center, Baltimore, Md (46): Constance Johnson, MD; Calvin Jones, MD; Brenda
Stone, CRNP; Mairi Pat Maguire, RN; Christopher Earley, MD; Peter Kaplan, MD; John Cavaluzzi, MD; Gerald Waters,
PA-C; Betty Chachich, RN.

St John's Mercy Medical Center, St Louis, Mo (44): Arthur Auer, MD; William Logan, MD; Mary Wilcox, RN, BSN;
Barbara Green, MD; Joseph Hurley, MD; Richard Pennell, MD; John Woods, MD; Richard Levine, MD; James Nepute,
MD; Jeffrey Thomasson, MD; Claire Blackburn, RN, RVT; Marcia Foldes, BSN, RVT; Kathy Klemp, RN, RVT; Becky
Nappier, RT, RVT; Karen Rutherford, BSN, RVT; Sally Schroer, RN, BSN; Jena Hogan, RN, RVT; Lynne Thorpe, RN, RVT.

University of Arizona Health Sciences Center, Tucson (42): William M. Feinberg, MD; Glenn C. Hunter, MD;
Denise C. Bruck, AAS; Victor M. Bernhard, MD; Kenneth E. McIntyre, MD; L. Philip Carter, MD; Scott S. Berman, MD;
Joseph L. R. Mills, MD; Enrique L. Labadie, MD; Darry S. Johnson, MD; Constantine G. Moschonas, MD; Robert H.
Hamilton, MD; Scott C. Forrer, MD; Joachim F. Seeger, MD; Raymond F. Carmody, MD; Brenda K. Vold, RN, BSN;
Richard L. Carlson; Joan E. Laguna; John P. Krikawa; Jenifer J. Devine, RN, BSN, RVT; Amalia M. Castrillo; Sheryl L.
Kistler, RN, RVT; Betty Ledbetter; Kathleen (Sue) Dorr.

University of Mississippi Medical Center, Jackson (39): Robert R. Smith, MD; Armin F. Haerer, MD; Robin L.

Brown, RN, BSN; William Russell, MD; Edward Rigdon, MD; Robert Rhodes, MD; Evelyn Smith, RVT; Michael Graeber,
MD; David Doorenbos, MD; S. H. Subramony, MD; David L. Gordon, MD.
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Milton S. Hershey Medical Center, Hershey, Pa (35): Robert G. Atnip, MD; Robert W. Brennan, MD; Diane
Friedman, RN, MSN; Marsha M. Neumyer, RVT; Brian L. Thiele, MD; Florence Smith, RN; John D. Barr, MD; R. Bradford
Duckrow, MD; Cindy Janesky, MD; Jon W. Meilstrup, MD; Kevin P. McNamara, MD; Lawrence D. Rodichok, MD; Leslie
Stewart, MD; Maureen Sullivan, MD; Mark Wengrovitz, MD.

University of Texas Southwestern Medical Center, Dallas (35): G. Patrick Clagett, MD; Hal Unwin, MD; Wilson
Bryan, MD; Chris Matkins; Carolyn Patterson; Candy Alway, RDMS; Patty Boyd; Mary Inman, RN; Christie Albiston; Eva
Scoggins; John Swilling.

University of California at Los Angeles (35): Wesley S. Moore, MD; Stanley N. Cohen, MD; Kathleen G. Walden,
RN; Samuel S. Ahn, MD; Edwin C. Amos, MD; J. Dennis Baker, MD; Bruce H. Dobkin, MD; Carlos E. Donayre, MD; Julie
A. Freischlag, MD; Hugh A. Gelabert, MD; Sheldon E. Jordan, MD; Herbert |I. Machleder, MD; William J. Quinones-
Baldrich, MD; Jeffrey L. Saver, MD; Suzie M. El-Saden, MD; Richard C. Holgate, MD; Bradley A. Jabour, MD; J. Bruce
Jacobs, MD; Theresa M. Abraham, RN; Candace L. Vescera, RN; Jeanine A. von Rajcs, RN; Vicki L. Carter, RN, RVT;
Dale T. Carter, RVT; De Ette Dix-Goss, RVT; Eugene C. Hernandez, RVT.

Oregon Health Sciences University, Portland (34): Lloyd Taylor, MD; Bruce Coull, MD; Letha Loboa, RN, RVT;
Gregory Moneta, MD; John Porter, MD; Richard Yeager, MD; Lucy Whittaker, RN.

Yale University, New Haven, Conn (34): Lawrence M. Brass, MD; Richard J. Gusberg, MD; Anne M. Lovejoy, PA-C;
Pierre B. Fayad, MD; Bauer Sumpio, MD, PhD; George H. Meier, MD; Vicky M. Chang, ANP, MSN; Karen Marzitelli, ANP,
MSN; Douglas Chyatte, MD; Lynwood Hammers, DO; Fran Lepore, RDMS, RT; Frank J. Pavalkis, PA-C; Jill Mele; Donna
Kisiel, PA-C.

University of Arkansas for Medical Sciences, Little Rock (32): Robert W. Barnes, MD; Michael Z. Chesser, MD; R.
Lee Archer, MD; Bernard W. Thompson, MD; Colette MacDonald; Gary W. Barone, MD; John F. Eidt, MD; David
Harshfield, MD; David McFarland, MD; Jess R. Nickols, MD; E. Carol Howard, BSN, RN, RVT; M. Lee Nix, BSN, RN, RVT;
Judy Kaye Overstreet, RN, RVT; Rhonda Troillett, RDMS, RVT.

Medical College of Virginia (Virginia Commonwealth University), Richmond (27): John Taylor, MD; H. M. Lee, MD;
Patricia Akins; John W. Harbison, MD; Rhonda M. Pridgeon, MD; Warren L. Felton, MD; Marc Posner, MD; M. Sobel,
MD; Guy Clifton, MD; Chris Conway; Anne Cockrell; Warren Stringer, MD; Jean Wingo; Brenda Nichols; Wendy Smoker,
MD; Ruth Fisher.

Barrow Neurological Institute at St Joseph's Hospital and Medical Center, Phoenix, Ariz (26): Robert F. Spetzler,
MD; James L. Frey, MD; Joseph M. Zabramski, MD; Sonna Lea Hunsley, RN; Heidi Jahnke, BSN; Kathryn L. Plenge, MD;
Rosemary Holland, RVT; Roberta Turner, RVT; Duane Strava, RVT; Susan Stumpff, RVT; John Hodak, MD; Richard A.
Flom, MD; Bruce L. Dean, MD; Richard A. Thompson, MD.

Oschner Clinic, New Orleans, La (21): Richard Hughes, MD; Bruce Lepler, MD; John Bowen, MD; Cheryl Benoit,
CCRC; Larry Hollier, MD; John Ochsner, MD; Richard Strub, MD; Vickie Lang; Vicki Cahanin.

University of Medicine and Dentistry of New Jersey, Newark (20): Robert W. Hobson Il, MD; Fred Weisbrot, MD;
Stephen Kamin, MD; Tom Back; Zafar Jamil, MD; Carolyn Rogers; Bea Lainson; Larry Hart.

New England Medical Center, Boston, Mass (19): Louis Caplan, MD; Thomas ODonnell, MD; Loretta Barron, RN;

Michael Pessin, MD; Dana DeWitt, MD; William Mackey, MD; Michael Belkin, MD; Robert McGlaughlin, RVT; Paula
Heggerick, RVT.
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Henry Ford Hospital, Detroit, Mich (17): Calvin B. Ernst, MD; K. M. A. Welch, MD; Judith Wilczewski, RN; Wendy
Robertson, PA-C; Sheila Daley, RN; Joseph P. Elliot, Jr, MD; Daniel J. Reddy, MD; Alexander D. Shephard, MD; Roger
F. Smith, MD; Steven Levine, MD; Nabih Ramadan, MD; Gretchen Tietjen, MD; Panaytios Mitsias, MD; Mark Gorman,
MD; Michalene McPharlin, RN; Suresh Patel, MD; Rajeev Deveshwar, MD; Nora Lee, MD; James Kokkinos, MD.

University of New Mexico, Albuquerque (13): Askiel Bruno, MD; Eric Weinstein, MD; James Kunkel, MD
(deceased); Anna Kratochvil, RN; Edie Johnson, RN, MSN, FNP; Susan Steel, RN.

Sunnybrook Health Science Centre, University of Toronto, North York, Ontario (11): John Norris, MD; David
Rowed, MD; Beverley Bowyer, RN; Marek Gawel, MD; Perry W. Cooper, MD; Dianne Brodie, RVT.

Harbin Clinic, Rome, Ga (10): John S. Kirkland, MD, PhD; Jay A. Schecter, MD; Nell W. Farrar, PA-C; Raymond
Capps, MD; E. Leeon Rhodes, MD; D. Michael Rogers, MD; Jeffrey T. Glass, MD; Robert Naguszewski, MD; William
Naguszewski, MD; Bobbie Maddox; Bobbie Dollison; Lynda Moulton; Polly Cole; Paul Kinsella; Alisa Ansley; Noell
Britz.

Roanoke Neurological Associates, Virginia (10): Don H. Bivins, MD; Edwin L. Williams Il, MD; Jesse T. Davidson
I1l, MD; William Elias, MD; Donna Atkins, RN; Phyllis B. Turner, RN, RVT; J. Gordon Burch, MD; Donald B. Nolan, MD;

Renee Speese; Candace D. Foley, RN.

Singing River Hospital, Pascagoula, Miss (6): Terrence J. Millette, MD; Dewey H. Lane, MD; Cynthia Almond, RN,
RVT; Roland J. Mestayer I1I, MD.

California Pacific Medical Center, San Francisco (4): Phillip Calanchini, MD; Robert Szarnicki, MD; Pat
Radosevich; Linda Elias; Peggy McCormick; Charles Gould, MD; Forbes Norris, MD; Eric Denys, MD; Robert Bernstein,
MD; Donna Dubono; Keith Atkinson; Mark Peters.

Northwestern University Medical School, Chicago, Ill (4): Bruce Cohen, MD; James Yao, MD; Susan Roston, RN;
Donna Blackburn, RN; Jose Biller, MD; Jeffrey Saver, MD; Linda Chadwick, RN; Douglas Chyatte, MD; Walter
McCarthy, MD; William Pearce, MD; Jeff Frank, MD; Ernesto Fernandez-Beer, MD; James Patrick, MD.

University of Rochester, New York (3): Richard Green, MD; Richard Satran, MD; John Ricotta, MD; James
DeWeese, MD; Joshua Hollander, MD; Mollie OBrien, RN; JoAnne McNamara, RN; Sandra Rose, RT, RDMS; Dahne
Cohen, MD.

Cleveland Clinic, Ohio (1): Anthony Furlan, MD; John Little, MD; Bernadine Bryerton, RN; Cathy Sila, MD; Isam
Awad, MD; Marc Chimowitz, MD; Sylvia Robertson, ARRT, RDMS; Cindy Becker, ARRT, RDMS; David Paushter, MD.
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