
omplete occlusion of the carotid artery can lead to
reduced cerebral perfusion pressure in the distal circulation
if collateralbloodflow is poor(1). Up to 15%of patients
presenting with anterior circulation ischemia have complete
occlusion of the ipsilateral carotid artery (2â€”4).Their annual
risk for subsequent stroke is 5%â€”10%(5). The presence of
hemodynamic compromise has long been hypothesized as a
factor in the pathogenesis of recurrent ischemic stroke in
such patients (6,7). Recently, the St. Louis Carotid Occlu
sion Study (STLCOS) demonstrated that severe hemody
namic compromise (increased oxygen extraction fraction
[OEF]measuredwithPETin the cerebralhemispheredistal
to the occlusion) was an independent predictor of subse
quent ipsilateral stroke in patients with symptomatic carotid
occlusion (8). Similar results with a smaller group of
patients have been reported by Yamauchi et al. (9).

No therapy with proven benefit currently exists for
patients with complete carotid occlusion. The Extracranial
to-Intracranial (ECIIC) Bypass Trial was a large, interna
tional, randomized, and controlled trial that showed no
benefit of EC/IC bypass over medical therapy in patients
with symptomatic carotid occlusion (10). At the time of that
trial, however, there was no way to assess the hemodynamic
status of the distal cerebral circulation. It is now established
that many patients with complete carotid artery occlusion
have normal cerebral hemodynamics as a result of circle of
Willis collateralization (6) and, therefore, would have little
to gain from EC/IC bypass. Thus, the failure of the ECIIC
Bypass Trial may have been because of the inclusion of
many patients who would not benefit from surgery.

The STLCOS demonstrated that PET determination of
increased OEF identifies patients with carotid occlusion at
high risk for ischemic stroke (8). Although EC/IC bypass
can reverse increased OEF (11â€”13),whether this reversal
results in a reduction in subsequent stroke occurrence is
unknown. A trial of EC/IC bypass for these select patients
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has been proposed to answer this question (10). Before
embarking on a clinical trial using PET to select patients
with symptomatic carotid occlusion for ECIIC bypass, a
thorough examination of the cost-effectiveness of this 2-step
strategyshouldbeperformed(14).Thisanalysiswould
support the proposed trial if the 2-step approach proved
likely to be cost effective. In addition, the cost-effectiveness
analysis could allow one to investigate the health and

economic impact of different variables, such as various PET
screening thresholds to identify surgical candidates.

In this report, we compared the costs and effectiveness of
2 strategies in patients with symptomatic carotid occlusion:
(1) medical treatment alone and (2) screening with PET
followed by EC/IC bypass (if OEF was elevated). To
compare these strategies, we created a Markov model to
simulate the effect on costs and outcome of medical therapy
alone (aspirin [ASA]) versus EC/IC bypass in patients with
high OEF identified by PET.

MATERIALSAND METHODS

ClinicalSelection
The cohort used in this analysis consisted of 45 patients with

recent symptoms of cerebral ischemia who had been documented
as having complete occlusion of the ipsilateral carotid artery.
Outcomes for these patients from the STLCOS were used in the

medical treatment strategy of the model. The patients in the
STLCOS were similar in age, sex, and cardiovascular risk factors
to patientsenrolledin severalothertrialsof surgeryforcerebrovas
cular disease (EC/IC Bypass Trial [11], the North American
SymptomaticCarotidEndarterectomyTrial [NASCET] [15], and
theAsymptomaticCarotidAtherosclerosisStudy [16]) (10,17).

To obtain the 45-member cohort, 2 additional clinical exclusion
criteria were applied to the STLCOS participants: the presence of
retinal symptoms only and the last ischemic symptom >120 d

before enrollment. We chose to exclude patients with retinal
ischemia only because their risk of stroke is less than that of
patients with cerebral ischemia and therefore would be less likely
tojustify EC/ICbypass (18,19). The 120-dexclusion criterionwas
a rule applied to the ECIIC Bypass Trial and the NASCET (10,15).
Applying these 2 clinical exclusion criteria left 45 patients with
recent cerebral ischemia and ipsilateral carotid occlusion. In the
STLCOS, this high-risk subset suffered 13 ipsilateral strokes in
3.1 yof follow-up.

Model

We createda model (Markovmodel) to simulate the effects of
different screening and treatment strategies over a l0-y time
horizon for the cohort of the 45 STLCOS patients with symptom
atic carotid artery occlusion (Fig. 1).The Markov model simulation
began with a 1-mo cycle (to incorporateperi-operativemorbidity
and mortality for patients selected by PET for EC/IC bypass),
followed by a 5-mo cycle, and subsequently by 6-mo cycles using a
computer spreadsheet program (Microsoft Excel 5.0; Microsoft
Corp., Seattle, WA) (20).

Markov models are commonly used to estimate relative out
comes of different medical treatments in terms of costs and

quality-adjusted life years (QALYs). In models, patients are
allocated and subsequently reallocated to 1 of several different
health states. Transition from 1health state to another is determined
by transition probabilities. Each of these states is assigned a utility
orquality-of-lifeadjustmentfactor,as well as a medicalcost. Costs
and QALYs are summed at discreet intervals (cycles) and dis
counted over time.

In this study,we estimatedcosts and QALYs associated with 2
methods of treatment of patients with symptomatic carotid artery
occlusion (ASA-only versus PET screening followed by EC/IC
bypass in selected patients). The model was created using a
spreadsheet (Microsoft Excel 5.0; Microsoft Corp.). For ASA-only
simulation, actual outcomes (stroke, death, current health)

of 45 patients from STLCOS were entered at the midpoint

FIGURE 1. Decisiontree illustrating
Markov chain used in analysis. For each pa
tient, 3 possibleoutcomedescriptionswere:
(I) currenthealth,(2) strokesurvivor,and
(3)dead.InASA-treatment-onlychain(A),
patients moved from current health state to
strokesurvivoror death states based on
outcomesobservedin STLCOSforfirst 2 y.
After 2 y, model used probabilitiesof stroke
or death interpolated from EC/IC Bypass
Trial survival data for medicallytreated co
hon. In PET screeningand selective EC/IC
bypassalgorithm(B),all patientsunderwent
screening PET examinations. Those with
high OEF underwentEC/IC bypass(BI)
and those with normal OEF receivedASA
(B2). EC/lC BypassTrial data were used to
determine probabilities ofeach of3 possible
outcomes for patients with increased OEF
whounderwentsurgery.Patientswithnor
mal OEF moved from current health to
strokesurvivoror death states as in chainA
(observedoutcome in STLCOS followed by
EC/ICBypassTrialdata).

A

B
Selective EC/IC Bypass

.,
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InputvariableBasecaseRangeSourceOutcomesStroke

risks:medicalYears
1and2STLCOSNASTLCOSAfter

2 y (annual)3%1 .5%â€”4.5%STLCOS,(11)Stroke
risks:surgicalPerioperative

(within30d)stroke11.1%5.7%â€”22%(11)Any
stroke,months2â€”127%3.5%â€”14%(11)Any
stroke,year252.5%â€”1O%(11)Any
strokeafter2 y(annual)3%0.8%â€”6%(11)Death

ratesPenoperative
(within30d)death1 .1%0.5%â€”1.7%(11)Acute

stroke(deathwithin1y)20%10.O%@3O.0%STLCOS,(11,15)Chronic
stroke(annual)*10%5.0%â€”15.0%(24,26)Nonstroke

death(annual)4%2%â€”6%STLCOS,(11)UtilitiesCurrent

health0.900.80â€”1.00(27â€”29)StrokeMild0.760.50-0.90STLCOS,

(27)Moderate/severe0.390.20â€”0.60STLCOS,
(27)Costs

(1998dollars)PET$1
,960$980â€”$2900MedicaredataSurgery$24,200$12,000â€”$36,000Estimate,

(30)Acute
strokecare (1Sty)$29,100$14,000â€”$43,000(25,31â€”34)Chronic

strokecare(afteryear1)$11 .000$5,500â€”$17,000(27,34)Death$5,700$2,900â€”$8,600Estimate,
(27)Annual

discount3.0%0%â€”6%(21)

of 1-,5-, and6-mo cycles out to 2 y.After2 y, the transitionratesor
probabilities listed in Table 1were used to assign surviving patients
to the different health states. These values were entered in the
spreadsheet as variables. The costs and QALYs associated with
each health state were totaled at the end ofeach cycle. A 3% annual
discount of both costs and QALYs was applied. At the end of 10 y,
the totalaccumulatedQALYsandcosts were calculated.Similarly,
the QALYs and costs for patients identified by PET as having
normal OEF (in either the base-case or high-specificity simula
tions) in the PET screening model were calculatedin an identical
manner.The transitionrateslisted in Table I were used for all 10 y
of the model for patients identified as having high OEF. Readers
interested in greater detail are encouraged to contact the correspond
ing author for a copy of the spreadsheet.

We examined the expected outcomes of the following 2
strategies: (I) ASA therapy alone, in which no PET scan was
performed and all patients received ASA; and (2) PET screening, in
which all patients took ASA and were examined with PET, and
those with high OEF underwent EC/IC bypass. Medical treatment
consisted of ASA instead of warfarin. In the STLCOS no signifi
cant advantageof warfarmnover ASA was observed (10). In the
EC/IC Bypass Trial, the other major source of outcome data for the
analysis, medical treatment was ASA (1300 mg/d) (11). In the
PET-screening strategy, all patients were assumed to be surgical
candidates and to have agreed to surgery, if indicated. PET was
performed on day I of the simulation. Surgery was performed on
day 2 on those patients with increased OEF by PET. The surgical
procedure was a microsurgical end-to-side anastamosis of the
superficial temporal or occipital artery to a cortical branch of the
middle cerebral artery.

We used the midcycle correction to attributethe date of an

adverse event (20). For example, we assumed pen-operative

strokes occurred on day 15 of the first 30-d cycle. Both total
QALYs and costs were discounted at an annual rate of 3% (21). The
incremental costs per incremental QALYgained were calculated.

PET-ScreeningThresholdfor E@I1CBypass
In the STLCOS we identified patients as having normal or

increased OEF based on comparison of the ratio of the left to right
hemispheric quantitative OEF values to the normal range (observed
in a group of I8 healthy volunteers). However, further analysis of
the STLCOS data demonstratedthat a less complicated, count
based(withoutarterialsampling)methodofOEF measurementcan
be substitutedfor the quantitativetechnique with no loss in the
ability to predict subsequent stroke (22). This count-based tech
nique has advantages over the quantitative method in the setting of
a multicenter trial (22).

In the initial simulation of the model (referred to as the
â€œbase-caseâ€•analysis), we used the a priori count-based OEF
threshold to select patients for EC/IC bypass. This threshold was
generated from the range ofcount-based OEF ratios measured in 18
normal volunteers in the STLCOS (0.935â€”1.065).A ratio outside of
this range was considered abnormal. This threshold was used in the
primary analysis of the STLCOS data to categorize patients as
having normal or increased OEF. In addition, we evaluated
different thresholds to identify the optimal in terms of cost
effectiveness. We subjected the most cost-effective OEF threshold
to sensitivitytestingin a secondaryanalysis.

ProbabilitiesofAdverseOutcomes
In the ASA-alone cohortwe used the strokeoutcomes for each

patient from the STLCOS for the first 2 y of the model. After the
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StrategyTotal
costs

(inmillionsof U.S.dollars)Total
effectiveness
(QALYs)IncrementalcostsIncremental

effectiveness
(QALY5)Cost

per
QALYgainedAll

medicalPETscreening$2.10233Base-case$2.55256$450,00022.8$
20,000High-specificity$2.09255â€”$

5,00022.2CostsavingBase-case
vs. high-specificity$460,0000.6$780,000

first 2 y, we estimated the annual rate of any stroke as 3% per year,

based on interpolation of the Kaplanâ€”Meierstroke-free survival
curves (from months 24â€”60)for medically treated patients in the
EC/IC bypass trial. The number of patients followed beyond 2 y in
the STLCOSwas too small for the accuratelyestimationof stroke
risk. In addition, there is evidence that severe hemodynamic
impairment may spontaneously improve over time, possibly as a
result of improved flow through collateral channels (23).

In the base case, we used a rate for acute stroke-relateddeath
(within the first year after a stroke) of 20% (11,15,24â€”26).We
estimated the annual rate of chronic stroke-related death (l y
after stroke) as 10% from observational studies of stroke patients
(24,26). Based on clinical trials of similar patients (11,15,16) and
the STLCOS data, we estimated the base-case annual rate of
nonstroke-related death as 4%.

In the PET-screeningstrategy,patients identified with normal
OEF received ASA. As in the ASA-alone strategy, we used the 2-y
stroke outcomes for each of these patients based on the 2-y stroke
outcomes in the STLCOS, and then used the literature-based stroke
rate of 3%/y after the first 2 y. The rates of acute and chronic
stroke-related deaths and of nonstroke-related deaths used for these
patients were the same as those in the ASA-alone treatment cohort.
Patients identified with increased OEF underwent ECIIC bypass.
The 30-d probabilities of penioperative stroke and death were
11.1% and 1.1%, respectively (11). We estimated the subsequent
rates of stroke from the Kaplanâ€”Meierstroke-free survival curves
for the surgical patients in the ECIIC bypass trial as 7% for months
2â€”12,5% for year 2, and 3% for each year thereafter. The rates of
stroke-related and nonstroke-related death were the same as for the
ASA-alone group.

Quality of Life Estimates
Each health state in the Markov modelâ€”stroke-free,stroke, and

deathâ€”wasassigned a quality-of-life estimate, known as a utility.
By definition, the utility of death was 0, whereas that of perfect
health was 1.0.We estimated the utility ofstroke-free current health
as 0.90 (27â€”29).The utility for stroke was based on the severity of
the 10 nonfatal ipsilateral strokes observed in the relevant 45-
membercohort in the STLCOS. Six of these strokes received the
0.76utilityof minorstroke,becausethepoststrokeBarthelscore
was at least 95 (27). The remaining 4 strokes were assigned the
utility of moderate to severe strokes, 0.39, reported from the same
utility study (27).

CostEstimates
We estimatedcosts (expressed in 1998 dollars) from a societal

perspective (Table 1). We used the medical component of the
ConsumerPrice Index to adjustall costs to 1998 dollars (30). The
Medicare reimbursement of $1960, including physician fees, for an
FDG PETexaminationof the lungforpulmonarynoduleswas used
as an estimate for the cost of a screening PET study (General

American/Medicare B, June 1998). Because ECIIC bypass is no
longer routinely performed or reimbursed by Medicare, we esti
mated its cost as the cost of craniotomy and clipping of an
asymptomatic, unruptured intracranial aneurysm (1998 adjusted
cost, $24,200) (3!). Both procedures require a craniotomy and an
operative microscope for vascular work. We obtained estimates of

acute and long-term stroke care costs from the relevant literature
(32â€”35).We did not include costs resulting from lost wages, as
these are difficult to estimate and small in this population (33). We
assumed that the diagnosis of carotid occlusion was made on
cerebral angiography obtained for the purposes of identifying
operable carotid stenosis. Consequently, we did not include the
risks and costs of this diagnostic evaluation in the model.

Sensitivity Analyses
We performed sensitivity analyses to determine which variables

had the greatest effect on the cost-effectiveness estimates and to
determine a range of plausible cost-effectiveness estimates. The
range of values examined is shown in Table I . In addition, we
examinedtheeffect of severalvariationsin thedesign of themodel,
such as including the risks and costs of presurgical evaluation

($1000) and angiography ($3000 and a 0.6% stroke rate). We
examined the effect of changes in the sensitivity and specificity of
the OEF threshold.

RESULTS

Base Case
With ASA therapy alone, the estimated total costs (over

10 y) of stroke and death for the cohort of 45 patients with
recent cerebral symptoms and carotid artery occlusion was
$2.01 million (Table 2). In the first 2 y, 14 strokes (12
ipsilateral and 2 contralateral) occurred (Fig. 2). The total
QALYs accumulated over 10 y for this group was 233.

PETscreening,usingthebase-case(a priori)OEFthresh
old, identified 9 patients with normal OEF and 36 patients
with increased OEF. These 36 patients underwent ECIIC
bypass and only 8 strokes occurred within the first 2 y (Fig.
2). All 12 patients in whom ipsilateral strokes occurred in the
first 2 y with ASA therapy alone were identified by PET as
having high OEF, so all 12 were included in the group of 36
patients who underwent surgery. These 36 patients suffered
stroke at the rates observed in the EC/IC Bypass Trial for the
surgical group. This 2-part strategy yielded 256 QALYs over
10y, a gain of 22.8 versusmedicaltherapyalone.The cost
was $2.55 million, for an incremental cost of $20,000 per

QALYgainedversusmedicaltherapy.

TABLE2
Cost-Effectivenessof ScreeningandTreatmentin45 SymptomaticPatients
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Secondary Analysis of OEF Threshold
A more specificOEF threshold that cost less and was

nearly as effective as the base-case, a priori, OEF threshold
was found in a secondary data analysis (Table 2, Fig. 3). This
threshold was identified in Figure 3 as the point with the
greatest effectiveness (highest total QALYs on the y-axis) at
the lowest total cost (x-axis). Screening with this OEF
threshold identified 18 surgical candidates, including 9 of
the 12 patients who would have had a stroke during the first
2 y with ASA therapy alone. A total of 8.5 ipsilateral and
contralateral strokes were incurred during the first 2 y with
the more specific screening strategy (Fig. 2). This more
specificthresholdyieldedatotalof255QALYsover10y,a
gain of 22.2 compared with medical therapy alone. How
ever, screening with this threshold lost 0.6 QALYs corn
pared with the base-case OEF threshold. The total cost was
$2.09 million, less than either ASA therapy alone or the
2-step PET-screening strategy (Table 2). Therefore, the more
specific OEF threshold dominated ASA therapy alone,
because it was less expensive and yielded more QALYs. The
marginal cost-effectiveness of the base-case threshold corn
pared with the more specific threshold was $780,000 (an
incremental cost increase of $460,000 for an incremental
QALYgainof 0.6).

SensitIvIty Testing
The results were sensitive to the perioperative stroke rate

and the stroke risk reduction conferred by EC/IC bypass.
When the low estimates for peri- and postoperative stroke
rates were used, the base-case PET screening strategy
yielded more QALYs than the more specific strategy, but the
incremental cost per QALY gained remained more than
$100,000, compared with the more specific OEF threshold.
When estimates of perioperative and postoperative stroke
rates were high, the more specific model, which excluded
more patients from surgery, saved more QALYs than the

base-case PET screening strategy. Costs with the more
specific model remained less than ASA therapy alone, even
for the higher peri- and postoperative stroke rates.

The results were more sensitive to changes in the sensitiv
ity and specificity of the OEF threshold. If 1 additional
patient with high OEF and subsequent stroke was not sent
for EC/IC bypass, the incremental QALYs gained over
medical therapy would fall from 22.2 to 21.2 with the
high-specificity threshold. The marginal cost per QALY
compared with the base-case PET screening threshold would
fall from $776,000 to $97,000.

Changes in surgical costs affected the incremental cost
effectiveness more than changes in other costs. Varying the
cost of EC/IC bypass from 50%â€”150% of the base-case
estimate ($24,200) led to costs-per-QALY gained versus
ASA therapy alone of $500 to $40,000 for the base-case
screening threshold and of less than zero (i.e., cost saving) to
$9,000 for the more specific screening threshold. The addition
of presurgical evaluation costs and of the costs and risks of
angiography had little effect on the results of the model.

DISCUSSION

EC/IC bypass for patients with symptomatic carotid
occlusion and increased OEF as detected by PET would
prolong quality-adjusted survival when compared with ASA
therapy alone. In the base-case analysis, using an a priori
OEF threshold,the 2-stepstrategycost $19,600per QALY
gained compared with ASA therapy alone. This cost per
QALY is comparable with many other commonly performed
medical procedures, such as craniotomy and clipping for
unruptured, asymptomatic cerebral aneurysms ($24,200 per
QALY)(31); screeningand endarterectomyfor asymptom
atic carotid stenosis ($40,900 per QALY) (36); or prescrib
ing warfarin rather than ASA for stroke prophylaxis in a
hypertensive patient with atrial fibrillation ($8,000 per
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OEF
A = +1- 0.01
B = +1-0.03
C = +1-0.05
D = +1- 0.065 (Base-case)
E= +1-0.I2
F = +1- 0.14 (High-specificity)
G=+/-0.l6
H = +1-0. I7
I =+1-0.28

FIGURE3. Secondaryanalysisof OEF
threshold:totalcosts(x-axis)versusquality
adjusted life years accumulated(y-axis)
over 10 y. Figuredemonstrateseffect of
changesin OEF thresholdusedto identify
patientsas having increasedOEF (and
thereforeto have EC/IC bypass)on total
costs and total effectiveness.Lettersabove
eachpointcorrespondto thresholdvaluefor
normal range of OEF ratios (see legend).
Mostcost-effectivepoint(F)wassubjected
tosecondaryanalysisasmorespecificOEF
threshold. Apnon OEFthreshold was 0.935â€”
I .065 (point D). ASA-therapy-alonepoint
(nosurgery)isincludedforcomparison.

QALY) (27). A more specific (post hoc) OEF threshold cost
less than ASA treatment (saved money) and still improved
quality-adjusted survival compared with ASA therapy alone.
The more specific threshold was only slightly less effective
than the base-case OEF threshold (22.2 and 22.8 QALYs,
respectively, gained over 10 y).

The rates of peri- and postoperative stroke associated with
ECIIC bypass had only a minimal effect on the results.
Screening with the more specific OEF threshold (followed
by surgery for those with high OEF) remained cost-effective
even with worst-case estimates of these 2 rates. This result is
not surprising, given the high risk of stroke in the medically
treated patients who have high OEF. We assumed that
patients with increased OEF who underwent EC/IC bypass
would have rates of stroke similar to those in patients in the
EC/IC Bypass Trial. Patients with high OEF may have a
greater risk of peri- and postoperative stroke than patients
with normal OEF, however. A clinical trial is required to
determine the risk of peri- and postoperative stroke in
patients with high OEF. The results were also sensitive to
changes in the accuracy of the more specific (post hoc) OEF
threshold. This threshold will need to be validated prospec
tively.

Why does this analysis suggest that ECIIC bypass may be
effective in reducing stroke in patients with symptomatic
carotid occlusion when the ECIIC Bypass Trial, a large,

prospective, and randomized trial of EC/IC bypass versus
ASAin similarpatients,failedto demonstratea benefitwith
surgery? In the EC/IC Bypass Trial, 423 patients with
symptomatic carotid occlusion were randomized to medical
therapy and 385 to EC/IC bypass. The number of strokes in
the groups was similar: 123 in the medical group and 121 in
the surgical cohort during an average follow-up period of
55.8 mo (11). The risk for ipsilateral stroke at 2 y was
approximately 14% in the medical patients and 18% in the
surgical patients (11). One limitation of the EC/IC Bypass
Trialwas that therewas no methodavailableat the time of
the trial to assess cerebral hemodynamic status. if ECIIC
bypass had been performed only on patients with recent

cerebral ischemia and increased OEF, many pen-operative
strokes could have been prevented with little loss in surgical
efficacy.

The STLCOS demonstrated that there is a group of
patients with high OEF at high risk for subsequent ipsilateral
stroke (10). In the STLCOS, the risk of ipsilateral stroke at
2 y for the entire group of 81 patients was 15.8%, similar to
medically treated patients in the EC/IC Bypass Trial.
However, patients with increased OEF had a 2-y ipsilateral
stroke risk of 26.5%, compared with 5.3% in patients with
normal OEF. Using the 2 clinical exclusion criteria of retinal
symptoms and last ischemic symptom >120 d before
enrollment, a higher risk cohort of45 patients was identified.
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The risk of ipsilateral stroke at 2 y in this cohort was 26.7%.
The risk of stroke at 2 y for patients with high OEF in the
base-case screening model was 33.3% (12/36), whereas it
was 50% (9/18) with the high-specificity threshold. It seems
likely, therefore, that the EC/IC Bypass Trial failed to
demonstrate a benefit with surgery because of the inclusion
of a large number of patients with normal OEF and for
whom no net benefit would be expected.

The results of this study support a trial of PET screening
followed by EC/IC bypass in carefully selected patients with
symptomatic carotid occlusion. Would this trial be a reason
able expense of limited research dollars? Approximately
730,000 first-ever or recurrent strokes occur each year in the
United States (37). Up to 15% of patients presenting with
carotid territory stroke are found to have carotid occlusion
(2â€”4).There is approximately 1 patient with carotid occlu
sion for every 4 patients with severe carotid stenosis
presenting with transient ischemic attacks (38). This propor
tion may be higher in patients presenting with stroke. Many
of these patients would not be surgical candidates, however.
A more accurate estimate of the number of patients who
would ultimately undergo ECIIC bypass may be generated
from the number of patients who undergo carotid endarterec
tomy for symptomatic stenosis. Approximately 100,000
carotid endarterectomies were performed in 1994 (75,000 in
Medicare beneficiaries) (39). There were 108,000 Medicare
beneficiaries with high-grade carotid stenosis who under
went carotid endarterectomy in 1996 (39). Assuming the
number of patients covered by other third-party payers is
similar to the number for 1994, approximately 130,000
patients underwent carotid endarterectomy for high-grade
stenosis in 1996. Half of these patients were likely to have
been symptomatic (40). Therefore, there were roughly
65,000 carotid endarterectomies performed in 1996 for
symptomatic carotid stenosis. If there is 1 operable patient
with carotid occlusion for every 4 patients with operable
symptomatic carotid stenosis, then approximately 16,000
patients per year with symptomatic carotid occlusion could
undergo screening with PET, with more than a third of these
patients proceeding to EC/IC bypass (using the high
specificity threshold).

There are other diagnostic methodologies, such as MRI,
transcranial Doppler ultrasound, stable xenon CT, and
SPECT,thatalsoprovidemeasurementsofcerebralhemody
namics. Some of these tools may be more widely available
than PET. Why not substitute these for PET? First, these
techniques may not be as specific as the PET measurement
of increased OEF for identifying patients at risk for stroke
resulting from hemodynamic factors. These other methods
primarily rely on impaired blood flow responses to vasodila
tory stimuli (from which the presence of autoregulatory
vasodilation is inferred) to identify patients with hemody
namic compromise. Several studies of patients with carotid
occlusion have reported a relationship between the presence

of autoregulatory vasodilation as measured by these tech
niques and the risk of subsequent stroke (14,41). These

studies have been criticized, however, for possible biases
arising from various methodological problems, such as the
inclusion of large numbers of censored patients and the use
of retrospectively identified hemodynamic criteria to group
patients (41). In addition, 2 studies with prospectively
defined hemodynamic criteria have found no significant
relationship between the presence of autoregulatory vasodi
lation and the risk of subsequent stroke (41). Second, at
present, the measurement of oxygen extraction can only be
made with PET, and the correlation between impaired blood
flow responses (as measured by these techniques) with
increased OEF as measured by PET is variable (41). New
imaging modalities will need to be validated against PET
or by predicting subsequent stroke before use in a clinical
trial (41).

Finally, how limited is the availability of PET? There are
approximately 70 clinical PET facilities in the United States,
with at least 1 scanner in most major cities (42). PET
screening for increased OEF in patients with symptomatic
carotid occlusion would not need to be done on an emergent
or inpatient basis and therefore could be accomplished using
existing facilities at a projected rate of approximately 223
patients per year at each existing facility. The measurement

of oxygen extraction requires the administration of 150..
labeled radiopharmaceuticals (â€˜50-labeledlabeled water and
â€˜5O-labeledoxygen for the count-based method), which are
not currently used in many PET centers. The equipment
required for their synthesis would have to be installed. The
additional costs of this installation were not included in this
analysis.

CONCLUSION

ECIIC bypass will be cost-effective in patients with
symptomatic carotid occlusion who have increased OEF
identified by PET and if the peri- and postoperative stroke
rates are similar to those reported in the EC/IC Bypass Trial.
A clinicalthal of medicaltherapyversusPET followedby
ECIIC bypass (if OEF is elevated) is therefore warranted.
The more specific OEF threshold identified in this analysis
should be used in this trial for selecting patients for EC/IC
bypass.
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