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Absence of Microemboli on Transcranial Doppler Identifies
Low-Risk Patients With Asymptomatic Carotid Stenosis

J. David Spence, MD; Arturo Tamayo, MD; Stephen P. Lownie, MD;
Wai P. Ng, MD; Gary G. Ferguson, MD, PhD

Background and Purpose—Carotid endarterectomy clearly benefits patients with symptomatic severe stenosis (SCS), but
the risk of stroke is so low for asymptomatic patients (ACS) that the number needed to treat is very high. We studied
transcranial Doppler (TCD) embolus detection as a method for identifying patients at higher risk who would have a
lower number needed to treat.

Methods—Patients with carotid stenosis of =60% by Doppler ultrasound who had never been symptomatic (81%) or had
been asymptomatic for at least 18 months (19%) were studied with TCD embolus detection for up to 1 hour on 2
occasions a week apart; patients were followed for 2 years.

Results—319 patients were studied, age (standard deviation) 69.68 (9.12) years; 32 (10%) had microemboli at baseline
(TCD+). Events were more likely to occur in the first year. Patients with microemboli were much more likely to have
microemboli 1 year later (34.4 versus 1.4%; P<<0.0001) and were more likely to have a stroke during the first year of
follow-up (15.6%, 95% CI, 4.1 to 79; versus 1%, 95% CI, 1.01 to 1.36; P<<0.0001).

Conclusions—Our findings indicate that TCD— ACS will not benefit from endarterectomy or stenting unless it can be
done with a risk <1%; TCD+ may benefit as much as SCS if their surgical risk is not higher. These findings suggest
that ACS should be managed medically with delay of surgery or stenting until the occurrence of symptoms or emboli.
(Stroke. 2005;36:2373-2378.)

Key Words: asymptomatic carotid stenosis m endarterectomy m transcranial Doppler m ulcer
m ultrasound m unstable plaque

arotid endarterectomy is clearly beneficial for patients
with severe (>70%) symptomatic stenosis,! but patients
with moderate or asymptomatic stenosis are at lower risk and
will benefit less from endarterectomy.? The Asymptomatic
Carotid Artery Surgery (ACAS) trial® showed a statistically
significant benefit of surgery for patients with asymptomatic
stenosis >60%, but the number needed to treat to prevent one
event in 2 years was very high, approximately 67.* As in the
European Asymptomatic Carotid Surgery Trial (ACST) trial
reported recently, there was no benefit of surgery for the first
4 years and no benefit in women.® Furthermore, the surgical
risk in ACAS and ACST (a 3% risk of morbidity or mortality)
was substantially lower than in average practice. Such com-
plication rates are seldom seen outside highly selective
clinical trials. In a large regional survey of Medicare records,
endarterectomy carried a 5.2% 30-day rate of stroke or death,
so that in ~60% of states, there was no benefit of endarter-
ectomy for asymptomatic patients.”
Carotid stenting carries a substantial risk: in the CAVATAS
trial,® the risk of stenting was 10%, and in SAPPHIRE, in
which two thirds of patients were asymptomatic, the proce-

dural risk of stenting with distal protection was 5%, with a
1-year event rate of 10%.°

It would therefore be useful to have methods for determin-
ing which patients with asymptomatic stenosis have a level of
risk higher than that of surgery or stenting. One approach to
identifying high-risk patients is transcranial Doppler detec-
tion of microemboli. Two small studies'®!'! in mixed popu-
lations (ACS and SCS) have suggested that microemboli
detected by transcranial Doppler are associated with a higher
risk of stroke. In this article, we report the results of follow-up
for 2 years with respect to the presence of microemboli on
transcranial Doppler in patients with asymptomatic carotid
stenosis.

Methods

Patient Population

Consecutive patients with internal carotid stenosis =60%, based on
a peak velocity =170 cm/s, a cutoff equivalent to that based on peak
frequency shift established for our laboratory in the ACAS trial,3
were included in the study. The patients were referred for asymp-
tomatic stenosis or were identified during annual follow-up in the
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Stroke Prevention Clinic of the London Health Sciences Centre.
Some had experienced previous transient ischemic attack (TIA) but
had been asymptomatic for at least 18 months, which placed them at
a low risk similar to that of never symptomatic.'?

Transcranial Doppler

All patients underwent a routine transcranial Doppler study (TCD)
with a 2-MHz probe to identify intracranial stenosis. This was
followed by monitoring of both middle cerebral arteries, preferably
in the M1 segment, through a posterior or middle temporal window.
Middle cerebral arteries were identified bilaterally within depths of
insonation between 35 to 56 mm from the temporal window and
monitored for up to 1 hour on 2 occasions a week apart using a
Spencer Mark 500 head-fixation device. Because the headgear is
somewhat uncomfortable, and because some patients had difficulty
lying still for long periods, monitoring was stopped after at least 40
minutes, or if the test was positive, exhibiting more than 2 micro-
emboli ipsilateral to the stenosed carotid artery. Two TCD machines
were used to monitor patients: a Nicolet TC 4040 Pioneer for the first
150 patients, and for the remainder, a PMD 100 (TCD 100 mol/L)
flow Trax Power M-Mode Doppler. Microembolic signals were
defined by unidirectionality, duration of <300 ms, and intensity of
>8 dB above the Doppler background, with adjustment of gain to
enhance detection; settings for microemboli detection were: leading
cols 255 mm, trailing cols 255 mm, microemboli-threshold 9 mm,
and rejection 55 mm, corresponding to international consensus
recommendations.'? All monitoring was performed and analyzed by
the same observer (AT). All sessions were recorded on the hard drive
for review and confirmation of microembolic signals noted during
monitoring. TCD monitoring was repeated annually. Figure 1 shows
an example of a microembolic event.

Risk Factors

Age and sex were self-reported by the patients and supported by
hospital records. Pack-years of smoking were defined as number of
packs per day of cigarettes smoked multiplied by the number of years
smoked. Blood pressure was measured in both arms recumbent with
an automated device (Dinamapp), and the pressure in the arm with
the higher pressure was recorded as baseline blood pressure.

Figure 1. Microembolic signal on transcranial Doppler. (A)
M-mode recording; the arrow points to an image of a microem-
bolus; (B) the Doppler velocity envelope; the arrow points to the
high-intensity transit signal created by the microembolus.

Biochemical and Genetic Determinations

After a 12-hour fast, blood was taken for biochemical determina-
tions. Plasma total homocysteine (tHcy) was measured by high-
performance liquid chromatography.!#!5 Plasma triglycerides and
total and high-density lipoprotein cholesterol were determined as
described.!4-17

Blinding and Ascertainment

Ascertainment of events and follow-up embolus detection at yearly
intervals were conducted blind to the microembolic status at base-
line. Events were ascertained initially from interviews at annual
follow-up or at earlier visits in the case of TIA or stroke and verified
from review of hospital records. Strokes were defined as focal
central nervous system deficits lasting more than 24 hours, with
other causes excluded clinically and by computed tomography or
magnetic resonance imaging. In the case of deaths outside the
hospital, information was obtained from family members and from
the referring physician.

Statistical Methods

Data were recorded in an Excel spreadsheet, which was converted
to SPSS files for analysis in SPSS PC+ version 12. Analysis of
variance was used to compare groups with respect to continuous
variables; x? was used to compare groups with respect to categori-
cal variables. Kaplan-Meier survival analysis was performed and the
log-rank statistic computed to compare event-free survival between
TCD++ and TCD— cases. Point estimates and variances are provided
as mean (SD). All probability values are 2-sided. Relative risk and
95% CI were computed for stroke at 1 year by microembolic status.

Results

There were 319 patients enrolled, mean age 69.65 (SD 8.83)
years; 37.6% were female; 32 (10%) had microemboli at
baseline (TCD+). Emboli were bilateral in one case; in all
others, the emboli were present on the side of the index
stenosis (the more severe stenosis if bilateral). Contralateral
occlusion of the internal carotid was present on the left in
7.4% and on the right in 5.2% of cases; there was no stenosis
on the right in 15% or on the left in 9.8% of cases. Fifty-nine
(18.5%) had a remote TIA (ie, at least 18 months before they
entered the study); these were not differently distributed
among those with and without microemboli (P=0.26). Ten
patients (4.1%) withdrew from the study; of these, only
one had an event. In addition to those enrolled, 39 others
were screened; 32 were excluded because of lack of
temporal windows for transcranial Doppler and 7 were
excluded because of atrial fibrillation.

During the first year 11 (3.4%) died, 8 (2.5%) had a stroke,
8 (2.5%) had TIAs, and 13 (4.1%) had a myocardial infarc-
tion. Causes of death were: 3 myocardial infarction, 3 sudden
death, 2 stroke, one lung cancer, one renal failure, and one
pulmonary hypertension. Five (1.6%) patients underwent
endarterectomy because of the onset postenrollment of TIAs;
of these, 4 had microemboli at baseline. Microemboli were
present in 32 (10%) of patients at baseline. For the 2-year
follow-up, 210 patients were available, because 62 had not
yet completed 2 years of follow-up, 11 had died, and 36 had
missed and rescheduled appointments after the 2-year point
had passed. During year 2, 8§ (2.5%) died, 7 (2.2%) had a
myocardial infarction (MI), 5 (1.6%) had endarterectomy, 2
(0.6%) had a stroke, and one (0.3%) had a TIA. Causes of
death were: 4 myocardial infarction, 2 congestive heart
failure, one gastric cancer, and one pneumonia. In all, 53
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TABLE 1. Baseline Characteristics of the Study Population by Microembolic
Status: TCD+ vs TCD—

Embolic Status at Baseline

TCD—, TCD+, P Value
Baseline Characteristic, mean=SD n=287 n=32 (ANOVA)
Age, ¥ 69.68+8.99 69.41+7.38 0.87
Systolic blood pressure, mm Hg 145.4+2225 144.6+21.12 0.83
Diastolic blood pressure, mm Hg 73.7+11.98 73.4+14.86 0.91
Total cholesterol, mmol/L 4.61=1.02 4.58+0.92 0.91
Triglycerides, mmol/L 1.79+1.52 1.78+0.91 0.98
High-density lipoprotein cholesterol, mmol/L 1.34+0.49 1.29+0.39 0.62
Total homocysteine, wmol/L 10.1+4.53 16.20=10.07 <0.0001
Categorical Variables

Embolic Status at Baseline

TCD—, TCD+, Exact
Baseline Characteristic n=287 n=32 Significance x?
Male 62.7% 59.4% 0.43
Smoking 16.7% 37.5% 0.017
Diabetes 17.8% 28.1% 0.12
Claudication 20.6% 37.5% 0.029
Myocardial infarction 21.6% 21.9% 0.56
Angina 38% 34.4% 0.42
Previous TIA 19.2% 12.5% 0.26

ANOVA indicates analysis of variance.
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(16.6%) patients had stroke, death, MI, or endarterectomy.
Table 1 shows the baseline characteristics of the population;
Table 2 shows results after 1 and 2 years of follow-up by the
presence or absence of microemboli at baseline.

At 1 year of follow-up, microemboli were present in only
1.4% of those who were TCD— at baseline versus 34.4% of

TABLE 2. Emboli, Events, and Endarterectomy During the First
and Second Year of Follow-Up by the Presence or Absence of
Microemboli at Baseline

Year 1 Year 2
Emboli at Emboli at

Event, n (%) TCD—  TCD+ Value TCD—  TCD+ Value*

287 32 205 5
Emboli at 4 1 3 3
follow-up 14% 344% <0.0001 1.0% 9.4% 0.004
TIA 4 4 1 0

14%  12.5% 0.004 03% 0% 0.90
Death 7 4 6 2

24%  12.5% 0.017 21%  6.3% 0.19
M 10 3 5 2

3.5% 9.4% 0.13 17% 6.3% 0.15
Stroke 3 5 2 0

1.0% 156% <0.0001 0.7% 0% 0.81
Endarterectomy 3 2 2 3

19%  6.3% 0.08 0.7%  9.4% 0.008

*P values are from x? analysis.

those who were TCD+ at baseline (P<<0.0001); at 2 years,
microemboli were present in only 1% of baseline TCD—
versus 9.4% of baseline TCD+ (P=0.004).

Ten patients went on to endarterectomy because they
became symptomatic (TIAs); these patients were signifi-
cantly more likely to be TCD+ (Table 2). None of the events
was a postoperative event.

Patients with microemboli were somewhat but not signifi-
cantly more likely to be taking aspirin, angiotensin-converting
enzyme inhibitors, statins, or clopidogrel (Table 3).

Degree of stenosis at baseline was not a predictor of events,
perhaps because the severity of stenosis was not widely
distributed: the mean severity was 79+14%.

There were no significant differences in traditional risk
factors except for smoking, which was more prevalent among
patients with microemboli at baseline. Plasma total homocys-
teine was significantly higher among patients with microem-
boli. Among TCD+, the relative risk was 15.6% (odds ratio,

TABLE 3. Medical Therapy at Baseline in Patients With and
Without Emboli

Embolic Status

— P
Medication TCD+ TCD— Value
ACE inhibitor 62.5% 47.8% 0.083
Aspirin 81.3% 66.3% 0.061
Clopidogrel 28.1% 19.2% 017
Statin 78.1% 71.7% 0.30
B vitamins 71.9% 59.8% 0.13
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17.9): 15.6% (95% CI, 4.1 to 79) had a stroke in the first year
versus 1% among TCD— (95% CI, 1.01 to 1.36; P<<0.0001).
In Cox regression, after adjustment for age, sex, cholesterol,
and smoking, the difference was not significant (P=0.38).
Only 2 strokes occurred in year 2, both among TCD-—
(P=0.81).

Figure 2 shows a Kaplan-Meier plot of survival free of
stroke among patients with microemboli compared with those
with no microemboli at baseline (log rank P<<0.0001).

There were 8 strokes during the first year of follow-up; all
but one were large-artery infarcts. Five occurred among
patients with emboli at baseline and 3 among those without
emboli at baseline (P<<0.0001). One of the strokes among
patients without baseline microemboli occurred in year 2,
after the patient had become positive for microemboli.
Among those with microemboli, all but one stroke were
ipsilateral to the baseline microemboli; the exception was
attributed to atrial fibrillation. Three of the ipsilateral strokes
were preceded by TIAs ipsilateral to the microemboli (2
retinal, 1 hemispheric). None of the strokes was fatal, but 4
were disabling.

Discussion
We found that among patients without microemboli at base-
line, only 1% had a stroke in the first year, meaning that they
would only stand to benefit from either endarterectomy or
stenting if it could be done with a risk of <1%. The
confidence limits were very tight around the negative esti-
mate, so it can be stated confidently that TCD— would be
better off with intensive medical management and delay of
surgery or stenting until the occurrence of symptoms or
emboli. The numbers of strokes were small and the confi-
dence limits wider around the positive estimate, so that
although TCD+ had a 15.6-fold increase in risk of stroke and
would be more likely to benefit, this hypothesis should be
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Figure 2. Survival free of stroke or death by microembolic sta-
tus at baseline. A Kaplan-Meier plot shows that patients with
microemboli at baseline were more likely to experience a stroke
or death during 2 years of follow-up; most of the events
occurred soon after the microemboli were detected. Log rank
P<0.0001.

tested in clinical trials. Although it may seem obvious that
they would benefit, the possibility that they may have a
higher risk during surgery or stenting should be kept in mind.
That the difference was not significant in Cox regression is
probably not relevant to clinical decision-making, because
age and sex are not treatable, and decisions about revascu-
larization are made about individuals, not groups.

The presence of microemboli was not an independent
predictor of MI or death, suggesting that the association with
stroke was indeed likely to have been causal rather than
confounded by some other unmeasured risk factor, in which
case it would probably have predicted MI as well as stroke.

Although we did not study symptomatic patients, it seems
likely that TCD embolus detection would also be helpful in
deciding which patients with moderate symptomatic carotid
stenosis (50% to 70%), a group with a risk intermediate
between that of severe symptomatic and severe asymptomatic
stenosis, might benefit more from endarterectomy. A recent
study by Markus and McKinnon supports that hypothesis.!8

We also confirmed that patients with asymptomatic
carotid stenosis are at very high risk, not only of stroke, but
also of death or MI: in the first year, 11 died, 8 had a
stroke, and 13 had a MI. In the second year, 8 died, 2 had
a stroke, and 7 had a MI. It is important to recognize that
MI is more common than stroke in these patients and that
intensive medical therapy is indicated in such patients.
Indeed, these events occurred despite intensive medical
therapy: the patients were all followed in our Stroke
Prevention Clinic and were advised to take a Mediterra-
nean diet (high in whole grains, fruits, vegetables, and
beneficial oils, and low in cholesterol and animal fat), quit
smoking, exercise, take aspirin or clopidogrel; most were
prescribed statins with or without fibrates, angiotensin-
converting enzyme (ACE) inhibitors (or angiotensin recep-
tor blockers if they were unable to take ACE inhibitors),
and vitamins to reduce levels of total homocysteine.
Patients with microemboli had been taking somewhat more
intensive medical therapy (Table 3), so their higher risk
cannot be explained by lack of medical therapy. It seems
likely that the decline in events and microemboli from
baseline to 2 years was related to plaque stabilization with
medical therapy, as discussed subsequently.

It is interesting that our patients had a lower risk overall,
1.6% per year, than did patients in the medical arm of the
ACAS trial (2% per year).? This may be explained by the
effect of more intensive medical therapy and in that way
reflects the decline in stroke apparently resulting from treat-
ment of risk factors in the Oxfordshire studies recently
reported by Rothwell et al.’® Also of interest, we found even
greater risk of stroke for patients with microemboli than did
Markus et al in a smaller mixed population of symptomatic
and asymptomatic cases.!'! It seems likely that this is based on
a lower rate of events for asymptomatic patients without
emboli and probably also on the shorter duration of monitor-
ing in some cases because of discomfort. Similarly, our
TCD+ had a higher risk than those described by Abbott et al,
who repeated the TCD embolus detection on a 6-month
basis.?°
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Performing endarterectomy with a complication rate of
<3% is a tall order. It was achieved in the ACAS trial®> and
again in ACST.5 The results of the latter trial were similar to
those in ACAS and, in combination with Toole’s subsequent
call for population screening,?! are bound to encourage even
more inappropriate endarterectomy. It should be noted that
although in ACAS there was a significant reduction of
ipsilateral stroke, ACST showed, rather than a reduction of
ipsilateral stroke, a reduction of the total of strokes on either
side, a result that throws into doubt the benefit of surgery.
Rothwell has reviewed some of the problems of applying to
patients in actual practice the results of randomized trials,??
and Rothwell and Goldstein have recently questioned the
benefit of endarterectomy for asymptomatic patients, partic-
ularly in women.??

Even more worrisome is the widespread and growing ten-
dency for cardiologists to stent asymptomatic carotid arteries
despite the absence of any randomized, controlled trial evidence
that carotid stenting is as safe as the <3% benchmark for
complications of endarterectomy. The CAVATAS investigators
asserted that angioplasty was as safe as endarterectomy, but as
we pointed out?* it was only as safe as bad endarterectomy:
the surgical complication rate of 9.9% was slightly exceeded
by the 10% complication rate of angioplasty.?* Stenting is
safer with distal protective devices that trap plaque fragments,
but the recent results of the SAPPHIRE study indicate that in
patients at high risk of surgery with >50% symptomatic or
>80% ACS at high risk of surgery, surgical risk was 10%
versus 5% for stenting with distal protection.® The 1-year rate
of death, stroke, or MI was 12.2% with stenting versus 20.1%
with endarterectomy, but there was no significant reduction
of stroke alone. Because carotid stenting would not be
expected to reduce the risk of MI, any benefit of stenting is
questionable. Two thirds of patients in that trial were asymp-
tomatic; our results make it clear that most of them could not
have benefited from stenting.

The much higher levels of plasma total homocysteine in
patients with microemboli suggest that homocysteine may
have a role in aggravating plaque instability or in activating
thrombi on the surface of rough plaques.?>-27

Conclusions

Our results suggest that a policy of waiting until microemboli
or symptoms occur would be preferable to immediate endar-
terectomy or stenting in patients with asymptomatic stenosis.
Among patients with asymptomatic carotid stenosis, the
absence of microemboli detected by TCD was associated
with such a low risk of stroke (1%), with such tight 95%
confidence limits (1.01 to 1.36) that such patients could not
be expected to benefit from endarterectomy or stenting unless
it could be done with a risk <1%. Most of the events occurred
in the first year. Those with microemboli had a 15.6-fold
increase in the risk of stroke over 1 year and thus represent a
group who may benefit from intervention as much as do
symptomatic patients, assuming that their surgical risk is not
higher. Because the confidence limits were wide (4 to 79),
this hypothesis should be tested in randomized, controlled
trials.
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