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Research

Original Investigation
Risk of Stroke at the Time of Carotid Occlusion

Catherine Yang, BHSc; Chrysi Bogiatzi, MD; J. David Spence, MD

IMPORTANCE Many patients with asymptomatic carotid stenosis are offered carotid stenting
for the prevention of carotid occlusion. However, this treatment may be inappropriate if the
risk of stroke is low at the time of occlusion and with intensive medical therapy.

OBJECTIVES To determine the risk resulting from progression to occlusion among patients
with asymptomatic carotid stenosis and to assess the role of severity of carotid stenosis or
the presence of contralateral occlusion as factors that may predict the risk of stroke or death
after occlusion of a previously asymptomatic carotid stenosis.

DESIGN, SETTING, AND PARTICIPANTS We conducted a retrospective analysis of data collected
from patients at the Stroke Prevention Clinic of Victoria Hospital from January 1, 1990 (when
annual surveillance with carotid ultrasonography first began), through December 31, 1995, or
the Stroke Prevention at University Hospital from January 1, 1995, through December 31,
2012. The last date of follow-up was August 26, 2014.

EXPOSURES A new carotid occlusion during annual monitoring with carotid duplex
ultrasonography (index occlusion).

MAIN OUTCOMES AND MEASURES |Ipsilateral stroke or transient ischemic attack, death from
ipsilateral stroke, or death from unknown cause.

RESULTS Among 3681 patients in our clinic database with data on sequential annual carotid
ultrasonographic examinations during the study period, 316 (8.6%) were asymptomatic
before an index occlusion that occurred during observation. Most of the new occlusions (254
of 316 [80.4%]) occurred before 2002, when medical therapy was less intensive; the
frequency decreased by quartile of years (P < .001, X2 test). Only 1 patient (0.3%) had a
stroke at the time of the occlusion, and only 3 patients (0.9%) had an ipsilateral stroke during
follow-up (all before 2005). In Kaplan-Meier survival analyses, neither severity of stenosis

(P = .80, log-rank test) nor contralateral occlusion (P = .73) predicted the risk of ipsilateral
stroke or transient ischemic attack, death from stroke, or death from unknown cause at a
mean (SD) follow-up of 2.56 (3.64) years. In Cox proportional hazards regression analyses,
only age (P = .02), sex (P = .01), and carotid plaque burden (P = .006) significantly predicted
risk of those events.

CONCLUSIONS AND RELEVANCE The risk of progression to carotid occlusion is well below the

risk of carotid stenting or endarterectomy and has decreased markedly with more intensive
medical therapy. Preventing carotid occlusion may not be a valid indication for stenting.
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ncreasing evidence indicates that with modern intensive

medical therapy most patients (90%) with asymptom-

atic carotid stenosis (ACS) are more likely to be harmed
than to benefit from carotid endarterectomy or carotid
stenting.® Unfortunately, many patients, particularly in the
United States, undergo such procedures. In the United
States, more than 90% of carotid intervention is for asymp-
tomatic stenosis?; in Denmark, the rate is 0%.> Such a wide
range of practice brings into question the advisability, and
even the ethics, of routine intervention for ACS.

Some or much of this intervention is performed with the
objective of preventing carotid occlusion, the underlying as-
sumption being that carotid occlusion would carry a high risk
of stroke. However, this approach to routine intervention in ACS,
which may be based on analogy to coronary occlusion, ignores
the substantial protection offered by the circle of Willis.

Carotid endarterectomy and carotid stenting should prob-
ably be conducted to prevent emboli, rather than to increase
blood flow to the brain.® The circle of Willis is usually effec-
tive at maintaining blood flow in the face of unilateral carotid
occlusion and is often protective even in the face of bilateral
carotid occlusion.

Some interventionalists may invoke severity of stenosis or
the presence of contralateral carotid occlusion as reasons to per-
form carotid stenting or endarterectomy. We therefore sought
to determine the risk resulting from progression to occlusion
among patients with ACS and to assess the role of severity of
carotid stenosis or the presence of contralateral occlusion as fac-
tors that may predict the risk of stroke or death after occlusion
of'a previous ACS. We also evaluated the frequency of index oc-
clusion over time. Our hypotheses were that the risk of stroke
at the time of carotid occlusion was low and that the fre-
quency of index carotid occlusion was decreasing over time, af-
ter implementation in our clinic (in 2002-2003) of more inten-
sive medical therapy based on plaque measurement.?”

Methods

Data Sources
We conducted a retrospective analysis of data collected from
all patients at the Stroke Prevention Clinic of Victoria Hospi-
tal from January 1, 1990 (when annual surveillance with ca-
rotid ultrasonography first began), through December 31,1995,
or the Stroke Prevention Clinic at University Hospital from
January 1, 1995, through December 31, 2012. The last date of
follow-up was August 26, 2014. The protocol was approved by
the Western University Human Subjects Ethics Review Board.
Data were from the electronic medical record of the patients’
physician and anonymized before analyses were performed.
Cases were identified by first listing all patients in the da-
tabase with a carotid occlusion and then searching their clinic
file to determine whether a prior carotid ultrasonographic ex-
amination was on record that did not reveal occlusion on that
side and office visits going back at least 18 months before the
index occlusion. The date of the first ultrasonographic exami-
nation revealing new occlusion was recorded as the time of the
index occlusion. Eligible patients were asymptomatic before
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the index occlusion. Asymptomatic was defined as not hav-
ing had a neurologic event (transient ischemic attack [TIA] or
stroke) in the carotid territory within 18 months before the in-
dex occlusion based on the rate of decrease in symptoms
among symptomatic patients randomized to surgery in the
North American Symptomatic Carotid Endarterectomy Trial.®

Outcomes

Events recorded were TIA, stroke, and death. Outcomes were
ascertained by clinic notes and hospital records. Cause of death
was ascertained from hospital records or faxed from family phy-
sicians’ offices or, if the family physician was no longer in prac-
tice, from family members (if they were confident that they
knew the cause of death). Cause of death was recorded as un-
known if it could not be determined. A TIA was defined as an
episode of focal neurologic symptoms diagnosed by a stroke
neurologist as being caused by cerebral ischemia, with symp-
toms persisting less than 24 hours and no corresponding le-
sion seen on brain imaging. A stroke was an episode of focal
neurologic dysfunction caused by cerebral ischemia, with
symptoms and signs persisting 24 hours or longer or symp-
toms and signs persisting less than 24 hours with a correspond-
ing infarction seen on brain imaging.

The TIA and stroke events were classified as ipsilateral or
contralateral to the side of the index occlusion and by their
stroke subtype (large artery atherosclerosis, cardioembolic,
small vessel disease, other rare or unusual causes, and unde-
termined), using the SPARKLE (Subtypes of Ischaemic Stroke
Classification System) classification.®

The primary outcome was a combination of ipsilateral
stroke, ipsilateral TIA, or death from ipsilateral stroke or un-
known cause. The decision to include TIA in the primary out-
come was based on the concept that the occurrence of TIAs
would likely lead to intervention. A secondary outcome was
combined ipsilateral stroke, death from ipsilateral stroke, or
death from unknown cause. Among this patient population,
48 became symptomatic during follow-up and had carotid
intervention.

Stenosis Severity

Stenosis was measured by carotid Doppler peak velocity. We
used cutoffs for levels of percent stenosis that were validated
for our laboratory from angiography in the Asymptomatic Ca-
rotid Surgery Trial (ACST)'° and in angiograms from 100 pa-
tients (200 carotid arteries) followed up in our ultrasonogra-
phy laboratory during the North American Symptomatic
Carotid Endarterectomy Trial study,® with the percentage of
angiographic stenosis measured in the central radiology
laboratory of that trial.

Plaque Measurement

As described previously,!! carotid total plaque area was mea-
sured using a high-resolution duplex ultrasonographic scan-
ner. Plaque was defined as a local thickening of the intima
greater than 1 mm in thickness. Measurements were made in
magnified longitudinal views of each plaque seen in the right
and left common, internal, and external carotid arteries. The
plane in which the measurement of each plaque was made was
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chosen by panning around the artery until the view showing
the largest extent of that plaque was obtained. The sum of
cross-sectional areas of all plaques seen between the clavicle
and the angle of the jaw was taken as the total plaque area.

Statistical Analysis

Data were analyzed with SPSS statistical software, version 22.0
(SPSS Inc). Continuous variables were assessed by analysis of
variance and categorical variables by x? analyses. Kaplan-Meier
survival analyses were conducted to evaluate the effects of vari-
ous features of the carotid artery disease on event-free survival
assessing log-rank probabilities, and Cox proportional hazards
regression analyses (backward Wald) were performed to assess
effects of covariates on event-free survival.

. |
Results

Among 3681 patients in our clinic database with data on se-
quential annual carotid ultrasonographic examinations dur-
ing the study period, 316 (8.6%) were asymptomatic before an
index occlusion that occurred during observation. Results are
presented for those patients. Mean (SD) age was 66.4 (10.5)
years, 225 (71.2%) were men, 246 (77.8%) were hypertensive,
and 216 (68.4%) had hyperlipidemia. The mean (SD) duration
of patient follow-up was 2.56 (3.64) years (maximum, 20.22
years). Prior asymptomatic occlusion on the contralateral side
was present in 10 patients. Three of the patients with index oc-
clusions had no significant plaque or stenosis before the oc-
clusion, suggesting that the occlusion may have been due to
dissection or embolism.

Most of the index occlusions occurred before the initia-
tion of more intensive therapy based on plaque measurement?’
(eTable 1in the Supplement), the implementation of which be-
gan in 2002 and was in effect after 2003. By quartile of years

Original Investigation Research

of index occlusion, 254 occurred before 2002, 39 in 2002-
2007, 16 in 2007-2010, and 7 after 2010 (P < .001, ¥ test).
Figure 1shows the proportion of patients in the database with
index occlusions by year.

Atbaseline before the index occlusion, 42 patients (13.3%)
had a previous myocardial infarction, 69 (20.6%) had diabe-
tes mellitus, 69 (21.8%) still smoked, 167 (52.8%) had quit smok-
ing, and 38 (12.0%) had never smoked. The mean (SD) smok-
ingburden was 26.81 (23.11) pack-years. Baseline characteristics
of the patients are presented by stenosis groups in Table 1 and
by the presence of prior occlusion of the contralateral inter-
nal carotid artery in eTable 2 in the Supplement. Patients with

Figure 1. Percentage of Patients in the Clinic With New Index Occlusion
by Year
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Among 3681 patients in the database, the percentage of patients who
progressed to occlusion was much higher before 2002; the frequency
decreased markedly after implementation in 2002-2003 of more intensive
therapy based on plaque measurements. Error bars indicate 95% Cl.

Table 1. Baseline Characteristics of the Study Population by Stenosis Groups®

Stenosis, %

<60 60-80 81-90 >90

Characteristic (n=159) (n=80) (n=19) (n=58) P Value
Age, y 65.60 (11.62)  67.00 (9.00) 67.05(10.08) 66.88 (10.08)  .60°
Blood pressure, mm Hg

Systolic 148 (24) 148 (24) 147.63 (24.10) 152.83 (25.08) .16°

Diastolic 80 (14) 77 (12) 78 (8) 79 (16) 50

2 b

Total plaque area, cm 3.42 (1.72) 4.46 (1.87) 4.49 (1.82) 5.52(2.09) <.05 Abbreviations: HDLC, high-density
Cholesterol, mg/dL lipoprotein cholesterol;

Total 176 (49) 169 (42) 163 (58) 152 (46) .03° LE'-lc- 'OW-Idensity lipoprotein

t .
HDLC 48 (14) 45 (14) 44 21) 43 (16) 16° cholestero
s Sl conversion factors: To convert total

LbLC 98 (43) 93 (38) 86 (35) 79 (34) 39 cholesterol, HDLC, and LDLC values
Triglycerides, mg/dL 158 (146) 165 (125) 164 (108) 146 (95) .90° to millimoles per liter, multiply by
Total homocysteine, mg/L 1.41 (0.47) 1.79 (1.01) 1.29 (0.37) 147 (0.51)  .13° 0.0259; triglycerides to millimoles

. - per liter, multiply by 0.0113; and

No. (%) of patients homocysteine to micromoles per

Male 111 (69.8) 61 (76.3) 14 (73.7) 39 (67.2) .65°¢ liter, multiply by 7.397.

Smoking 39 (24.5) 47 (15.0) 4(21.1) 69 (21.8) .22¢ @ Data are presented as mean (SD)

Diabetes mellitus 23 (14.5) 16 (22.5) 7 (36.8) 65 (20.6) 02¢ unless otherwise indicated.

b . )
Claudication 16 (10.1) 10 (12.5) 2 (10.5) 36 (11.4) 87¢ Pa"?;izdeterm'”ed by analysis of
vari .
Myocardial infarction 21 (13.2) 13 (16.3) 2 (10.5) 42 (13.3) .76¢

€ Pvalues determined by X2 test.
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more severe stenosis were more likely to have diabetes (P = .02)
and more likely to have a lower (with treatment) level of low-
density lipoprotein cholesterol (P = .03). No significant differ-
ences were found in baseline characteristics of patients with
prior contralateral occlusion.

Only 1 patient (0.32%) had an ipsilateral stroke at the
time of the occlusion, and only 3 patients (0.9%) had an ipsi-
lateral stroke during follow-up. During follow-up after the
index occlusion, 71 patients died; the mean (SD) time of
death was 7.2 (4.9) years after the occlusion. Table 2 lists the
causes of death. Cause of death was unknown in 16 patients
because it was not in the hospital record, the family physi-
cian had died or retired from practice, or family members

Table 2. Causes of Death

No. (%) of

Patients
Cause of Death (N=71)
Cancer 9(12.7)
COPD 2(2.8)
Sudden death or cardiac arrest 8(11.3)
Congestive heart failure 5(7.0)
Intracranial hemorrhage 1(1.4)
Myocardial infarction 11 (15.5)
Pulmonary embolism 1(1.4)
Sepsis (eg, pneumonia, aspiration, other infection) 8(11.3)
Renal failure 2(2.8)
Stroke 1(1.4)
Parkinson disease 3(4.2)
Other hemorrhage 2(2.8)
Mesenteric ischemia 1(1.4)
Complications from ileostomy 1(1.4)
Unknown 16 (22.5)

Abbreviation: COPD, chronic obstructive pulmonary disease.

Risk of Stroke at the Time of Carotid Occlusion

could not be contacted or were unsure of the cause of death
at the time we conducted the analyses.

For the purpose of the Kaplan-Meier survival analyses, we
assumed that all deaths of unknown cause were stroke deaths;
despite this conservative assumption, neither percent steno-
sis of the index artery before occlusion nor previous contra-
lateral occlusion predicted survival free of ipsilateral stroke or
TIA, death from any stroke, or death from unknown cause.
Figure 2 shows survival free of those events by groups of per-
cent stenosis (<60%, 60%-80%, 81%-90%, and >90%); no sig-
nificant difference was found (P = .80). There was also no sig-
nificant difference in event-free survival by prior contralateral
occlusion (P = .73, log-rank test; eFigure in the Supplement).
However, as shown in Figure 3, carotid plaque burden mea-
sured as total plaque area significantly predicted reduced
event-free survival (P = .006).

Occurrence of the secondary outcome (survival free of ip-
silateral stroke, death from ipsilateral stroke, or death from un-
known cause) was similar for contralateral occlusion (P = .30)
and the stenosis groups (P = .20). Outcome for stroke or death
was also similar for the stenosis groups (P = .60) and contra-
lateral occlusion (P = .17). Survival free of ipsilateral stroke
could not be computed because there was only 1 case.

The results of Cox proportional hazards regression analy-
sis (backward Wald) are provided in eTable 3 in the Supple-
ment. With age, sex, diabetes, stenosis groups, contralateral
occlusion, and total plaque area as covariates, the only signifi-
cant predictors of the primary outcome were age (P = .02), male
sex (P = .01), and total plaque area (P = .006).

|
Discussion

In our stroke prevention clinic and premature atherosclerosis
clinic, high-risk patients with vascular disease undergo

Figure 2. Event-Free Survival by Groups of Percent Stenosis of the Index Carotid Artery

In Kaplan-Meier analysis, survival
after the index carotid occlusion free
of ipsilateral stroke or transient
ischemic attack, death from
ipsilateral stroke, or death from
unknown cause was not predicted

(P = .80, log-rank test) by severity of
stenosis before the index occlusion
by groups (<60%, 60%-80%,
81%-90%, and >90%). Plots were
truncated at 2000 days because of
low numbers surviving after that
time, but the P values from log-rank
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tests are for the entire follow-up
period.
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Figure 3. Event-Free Survival by Quartile of Carotid Plaque Burden

In Kaplan-Meier analysis, survival free
of ipsilateral stroke or transient
ischemic attack, death from
ipsilateral stroke, or death from
unknown cause was significantly
predicted (P = .006, log-rank test) by

quartile of carotid plaque burden
(total plaque area) at the time of the
occlusion (<283 mm?, 283-377 mm?,
377-535 mm?, and =535 mm?). Plots
were truncated at 2000 days
because of low numbers surviving
after that time, but the P values from
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log-rank tests are for the entire
follow-up period.

annual carotid ultrasonographic examinations to quantify their
carotid plaque burden for the purpose of “treating arteries
instead of risk factors.””® 19 We took advantage of that cir-
cumstance to analyze the risk of stroke at the time of a de novo
carotid occlusion. We found that among patients with asymp-
tomatic carotid disease, only 1 of 316 (0.3%) had a stroke at the
time of a new carotid occlusion. Neither severity of stenosis
of the index artery before occlusion nor the presence of a prior
contralateral carotid occlusion predicted the risk of events
during follow-up after the occlusion.

Among patients receiving intensive medical therapy, the
risk of stroke at the time of a carotid occlusion is thus much
lower than the risk of intervention. Even in the Carotid Revas-
cularization Endarterectomy vs Stenting Trial (CREST),'? the
30-day risk of stroke or death for asymptomatic patients was
2.5% for stenting and 1.4% for endarterectomy; the 4-year risk
was 4.5% for stenting and 2.7% for endarterectomy. In real-
world practice, the risk is much higher: Wang et al* reported
that in Medicare patients the 1-year risk of stroke or death was
16.7% for stenting and 11.0% for endarterectomy. More re-
cently, Jalbert et al'® found that among Medicare patients sub-
jected to carotid stenting, the 30-day rate of death was 1.7%,
the risk of stroke or TIA was 3.3%, and the risk of myocardial
infarction was 2.5%. During a mean follow-up time of 2 years,
mortality was 27.7% among asymptomatic patients. The
CREST-2 trial'* is under way with a contemporaneous medi-
cal therapy arm; the corresponding European trial does not
have a medical arm. Given the marked decrease in the risk of
asymptomatic stenosis since 2005, it is not legitimate to use
the event rate in the medical arm of studies conducted more
than a decade ago to justify routine intervention based on the
risks in the CREST trial, which had no medical arm.*

Patients with carotid stenosis are at high risk of death, but
asindicated in Table 2, most of the deaths are not from stroke.
Carotid stenting or endarterectomy can therefore not be ex-
pected to improve those outcomes.

jamaneurology.com

Spence et al'! reported in 2002 that carotid plaque bur-
den, measured as total plaque area, was a strong predictor of
cardiovascular events, after adjustment for coronary risk fac-
tors, and others have found that total plaque area is a stron-
ger predictor of myocardial infarction'®” or stroke'® than ca-
rotid intima media thickness. Our finding that carotid plaque
burden was a stronger predictor of cardiovascular events than
stenosis confirms our previous report in 2004.'° The burden
of carotid atherosclerosis predicts outcome more strongly than
the percent stenosis.

Few previous studies?®-?! have investigated the neurologic
consequences of progression to internal carotid occlusion, and
to our knowledge, only 1 previous study® focusing solely on ca-
rotid occlusion in asymptomatic patients has been conducted.
Naylor et al® analyzed the consequences of new occlusion in the
ACST: “for every 700 asymptomatic patients with a 70-99%
asymptomatic stenosis treated medically, seven will occlude
their carotid artery each year, but only 1 of the 700 will suffer
an ipsilateral stroke ”>® 63® This result validates our findings.

This study has some limitations. We did not perform brain
imaging unless patients had a stroke, so we cannot state the
frequency of silent infarction. We also did not investigate the
adequacy of collateral circulation, including the patency of the
ipsilateral external carotid artery. Furthermore, we did not
study patients who became symptomatic and had interven-
tion for that reason. It is also possible that some patients who
did not return for follow-up may have had events that were
missed because they went to a different hospital; however, our
hospital is the only tertiary care hospital and the designated
regional stroke hospital in Southwestern Ontario (the region
from which patients were referred). Patients who did not re-
spond to notification of follow-up appointments (or their fam-
ily or family physician) were called to determine their status.

Spence et al?? found in 2005 that among patients with ACS,
the absence of microemboli detected by transcranial Doppler
ultrasonography was associated with such a low risk of stroke
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(1%) and such a tight 95% CI (1.01-1.36) that such patients could
not be expected to benefit from endarterectomy or stenting
unless it could be performed with a risk less than 1%. Most of
the events occurred in the first year.?? Microemboli were
present in 12.6% of patients before 2003; then with more in-
tensive therapy as described in eTable 1in the Supplement, the
prevalence of microemboli decreased to 3.7% of patients with
ACS,? suggesting stabilization of plaque. The annual rate of ip-
silateral stroke associated with ACS has decreased to less than
1% during the past 20 years.?22 Therefore, most patients with
ACSwould be better served by intensive medical therapy than
by carotid endarterectomy or carotid stenting.® Naylor et al°
calculated that even assuming an operative risk of zero, 93%
of endarterectomies would have been unnecessary, even in the
historical studies that are used to justify intervention.
Progression of stenosis, although often touted as a rea-
son for intervention, is of limited use in identifying patients
who should have intervention.>® Although Hirt?* reported
that progression of stenosis was predictive of events in the
ACST, both Spence et al® and Naylor et al® pointed out that
the proportion of patients was very small: “Among the 1469
patients in the study, there were events in only 50 (3.4%),
among the 117 (8%) of patients with progression by >2 grades
of stenosis. It must also be understood that the ACST trial
was conducted before the widespread implementation of
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intensive medical therapy that has diminished the stroke
risk picture markedly.”24® 655

The small proportion of patients with ACS (approxi-
mately 10%) who could benefit from endarterectomy can be
identified by the presence of microemboli on transcranial Dop-
pler ultrasonography?:22-2> or reduced cerebrovascular
reserve,?® and a number of other modalities are being stud-
ied that may slightly increase this proportion. Other methods
for identifying high-risk asymptomatic stenosis that are
in development include ulceration on 3-dimensional
ultrasonography,?” echolucency,?®2° plaque texture, intra-
plaque hemorrhage on magnetic resonance imaging, neovas-
cularity on contrast ultrasonography of carotid plaques, and
plaque inflammation on positron emission tomography with
fluorodeoxyglucose.®3°

. |
Conclusions

The risk of ipsilateral stroke at the time of carotid occlusion
was well below the risk of carotid stenting or carotid endar-
terectomy, and the percent stenosis or contralateral occlu-
sion did not identify patients who would benefit from inter-
vention. Preventing carotid occlusion may not be a valid
indication for intervention.

ARTICLE INFORMATION
Accepted for Publication: June 16, 2015.

Published Online: September 21, 2015.
doi:10.1001/jamaneurol.2015.1843.

Author Contributions: Dr Spence had full access to
all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.

Study concept and design: Bogiatzi, Spence.
Acquisition, analysis, or interpretation of data: All
authors.

Drafting of the manuscript: Yang, Spence.

Critical revision of the manuscript for important
intellectual content: Bogiatzi.

Statistical analysis: All authors.

Administrative, technical, or material support:
Bogiatzi, Spence.

Study supervision: Bogiatzi, Spence.

Conflict of Interest Disclosures: None reported.

Funding/Support: Ms Yang reported that while
conducting this research at the Stroke Prevention &
Atherosclerosis Research Centre she was the
recipient of a summer student scholarship from the
Canadian Stroke Network of the Canadian Institutes
of Health Research. No other disclosures were
reported.

Role of the Funder/Sponsor: The funding source
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and the decision to
submit the manuscript for publication.

REFERENCES

1. Marquardt L, Geraghty OC, Mehta Z, Rothwell
PM. Low risk of ipsilateral stroke in patients with
asymptomatic carotid stenosis on best medical

treatment: a prospective, population-based study.
Stroke. 2010;41(1):e11-e17.

2. Spence JD, Coates V, Li H, et al. Effects of
intensive medical therapy on microemboli and
cardiovascular risk in asymptomatic carotid
stenosis. Arch Neurol. 2010;67(2):180-186.

3. Naylor AR. Time to rethink management
strategies in asymptomatic carotid artery disease.
Nat Rev Cardiol. 2012;9(2):116-124.

4. Wang FW, Esterbrooks D, Kuo YF, Mooss A,
Mohiuddin SM, Uretsky BF. Outcomes after carotid
artery stenting and endarterectomy in the Medicare
population. Stroke. 2011;42(7):2019-2025.

5. Naylor AR, Schroeder TV, Sillesen H. Clinical and
imaging features associated with an increased risk
of late stroke in patients with asymptomatic carotid
disease. Eur J Vasc Endovasc Surg. 2014;48(6):
633-640.

6. Spence JD, Pelz D, Veith FJ. Asymptomatic
carotid stenosis: identifying patients at high enough
risk to warrant endarterectomy or stenting. Stroke.
2014;45(3):655-657.

7. Spence JD, Hackam DG. Treating arteries instead
of risk factors: a paradigm change in management
of atherosclerosis. Stroke. 2010;41(6):1193-1199.

8. Barnett HJM, Taylor DW, Eliasziw M, et al; North
American Symptomatic Carotid Endarterectomy
Trial Collaborators. Benefit of carotid
endarterectomy in patients with symptomatic
moderate or severe stenosis. N Engl J Med. 1998;
339(20):1415-1425.

9. Bogiatzi C, Wannarong T, McLeod Al, Heisel M,
Hackam D, Spence JD. SPARKLE (Subtypes of
Ischaemic Stroke Classification System),
incorporating measurement of carotid plaque
burden: a new validated tool for the classification of

JAMA Neurology November 2015 Volume 72, Number 11

ischemic stroke subtypes. Neuroepidemiology.
2014;42(4):243-251.

10. Executive Committee for the Asymptomatic
Carotid Atherosclerosis Study. Endarterectomy for
asymptomatic carotid artery stenosis. JAMA.
1995;272:1421-1428.

11. Spence JD, Eliasziw M, DiCicco M, Hackam DG,
Galil R, Lohmann T. Carotid plaque area: a tool for
targeting and evaluating vascular preventive
therapy. Stroke. 2002;33(12):2916-2922.

12. Brott TG, Hobson RW I, Howard G, et al; CREST
Investigators. Stenting versus endarterectomy for
treatment of carotid-artery stenosis. N Engl J Med.
2010;363(1):11-23.

13. Jalbert JJ, Nguyen LL, Gerhard-Herman MD,

et al. Outcomes after carotid artery stenting in
Medicare beneficiaries, 2005 to 2009. JAMA Neurol.
2015;72(3):276-286.

14. Brott TG. Carotid Revascularization and Medical
Management for Asymptomatic Carotid Stenosis
Trial (CREST-2). https://clinicaltrials.gov/ct2/show
/NCT02089217. Accessed August 26, 2014.

15. Spence JD. Management of asymptomatic
carotid stenosis. Neurol Clin. 2015;33(2):443-457.

16. Johnsen SH, Mathiesen EB, Joakimsen O, et al.
Carotid atherosclerosis is a stronger predictor of
myocardial infarction in women than in men:

a 6-year follow-up study of 6226 persons: the
Tromsg Study. Stroke. 2007;38(11):2873-2880.

17. Inaba Y, Chen JA, Bergmann SR. Carotid plaque,
compared with carotid intima-media thickness,
more accurately predicts coronary artery disease
events: a meta-analysis. Atherosclerosis. 2012;220
(1):128-133.

18. Mathiesen EB, Johnsen SH, Wilsgaard T, Banaa
KH, Lachen ML, Njglstad I. Carotid plaque area and
intima-media thickness in prediction of first-ever

jamaneurology.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Western University User on 03/09/2023


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2015.1843&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2015.1843
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2015.1843&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2015.1843
http://www.ncbi.nlm.nih.gov/pubmed/19926843
http://www.ncbi.nlm.nih.gov/pubmed/20008646
http://www.ncbi.nlm.nih.gov/pubmed/21989048
http://www.ncbi.nlm.nih.gov/pubmed/21617150
http://www.ncbi.nlm.nih.gov/pubmed/25266404
http://www.ncbi.nlm.nih.gov/pubmed/25266404
http://www.ncbi.nlm.nih.gov/pubmed/21799163
http://www.ncbi.nlm.nih.gov/pubmed/21799163
http://www.ncbi.nlm.nih.gov/pubmed/20413738
http://www.ncbi.nlm.nih.gov/pubmed/9811916
http://www.ncbi.nlm.nih.gov/pubmed/9811916
http://www.ncbi.nlm.nih.gov/pubmed/24862944
http://www.ncbi.nlm.nih.gov/pubmed/24862944
http://www.ncbi.nlm.nih.gov/pubmed/7723155
http://www.ncbi.nlm.nih.gov/pubmed/7723155
http://www.ncbi.nlm.nih.gov/pubmed/12468791
http://www.ncbi.nlm.nih.gov/pubmed/20505173
http://www.ncbi.nlm.nih.gov/pubmed/20505173
http://www.ncbi.nlm.nih.gov/pubmed/25580726
http://www.ncbi.nlm.nih.gov/pubmed/25580726
https://clinicaltrials.gov/ct2/show/NCT02089217
https://clinicaltrials.gov/ct2/show/NCT02089217
http://www.ncbi.nlm.nih.gov/pubmed/25907915
http://www.ncbi.nlm.nih.gov/pubmed/17901390
http://www.ncbi.nlm.nih.gov/pubmed/21764060
http://www.ncbi.nlm.nih.gov/pubmed/21764060
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2015.1843

Risk of Stroke at the Time of Carotid Occlusion

ischemic stroke: a 10-year follow-up of 6584 men
and women: the Tromsg Study. Stroke. 2011;42(4):
972-978.

19. lemolo F, Martiniuk A, Steinman DA, Spence JD.
Sex differences in carotid plaque and stenosis. Stroke.

2004;35(2):477-481.

20. Nicholls SC, Bergelin R, Strandness DE.
Neurologic sequelae of unilateral carotid artery
occlusion: immediate and late. J Vasc Surg. 1989;10
(5):542-547.

21. Johnson BF, Verlato F, Bergelin RO, Primozich
JF, Strandness E Jr. Clinical outcome in patients
with mild and moderate carotid artery stenosis.

J Vasc Surg. 1995;21(1):120-126.

22. Spence JD, Tamayo A, Lownie SP, Ng WP,
Ferguson GG. Absence of microemboli on
transcranial Doppler identifies low-risk patients
with asymptomatic carotid stenosis. Stroke. 2005;
36(11):2373-2378.

jamaneurology.com

23. Constantinou J, Jayia P, Hamilton G. Best
evidence for medical therapy for carotid artery
stenosis. J Vasc Surg. 2013;58(4):1129-1139.

24. Hirt LS. Progression rate and ipsilateral
neurological events in asymptomatic carotid
stenosis. Stroke. 2014;45(3):702-706.

25. Markus HS, King A, Shipley M, et al.
Asymptomatic embolisation for prediction of stroke
in the Asymptomatic Carotid Emboli Study (ACES):
a prospective observational study. Lancet Neurol.
2010;9(7):663-671.

26. Paraskevas Kl, Spence JD, Veith FJ, Nicolaides
AN. Identifying which patients with asymptomatic
carotid stenosis could benefit from intervention.
Stroke. 2014;45(12):3720-3724.

27. Madani A, Beletsky V, Tamayo A, Munoz C,
Spence JD. High-risk asymptomatic carotid
stenosis: ulceration on 3D ultrasound vs TCD
microemboli. Neurology. 2011;77(8):744-750.

Original Investigation Research

28. Topakian R, King A, Kwon SU, Schaafsma A,
Shipley M, Markus HS; ACES Investigators.
Ultrasonic plaque echolucency and emboli signals
predict stroke in asymptomatic carotid stenosis.
Neurology. 2011;77(8):751-758.

29. Kakkos SK, Griffin MB, Nicolaides AN, et al;
Asymptomatic Carotid Stenosis and Risk of Stroke
(ACSRS) Study Group. The size of juxtaluminal
hypoechoic area in ultrasound images of
asymptomatic carotid plaques predicts the
occurrence of stroke. J Vasc Surg. 2013;57(3):609-
618.el.

30. Bogiatzi C, Cocker MS, Beanlands R, Spence JD.
Identifying high-risk asymptomatic carotid stenosis.
Expert Opin Med Diagn. 2012;6(2):139-151.

JAMA Neurology November 2015 Volume 72, Number 11

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Western University User on 03/09/2023

1267


http://www.ncbi.nlm.nih.gov/pubmed/21311059
http://www.ncbi.nlm.nih.gov/pubmed/21311059
http://www.ncbi.nlm.nih.gov/pubmed/14739419
http://www.ncbi.nlm.nih.gov/pubmed/14739419
http://www.ncbi.nlm.nih.gov/pubmed/2810540
http://www.ncbi.nlm.nih.gov/pubmed/2810540
http://www.ncbi.nlm.nih.gov/pubmed/7823350
http://www.ncbi.nlm.nih.gov/pubmed/16224084
http://www.ncbi.nlm.nih.gov/pubmed/16224084
http://www.ncbi.nlm.nih.gov/pubmed/24075112
http://www.ncbi.nlm.nih.gov/pubmed/21799164
http://www.ncbi.nlm.nih.gov/pubmed/20554250
http://www.ncbi.nlm.nih.gov/pubmed/20554250
http://www.ncbi.nlm.nih.gov/pubmed/25358698
http://www.ncbi.nlm.nih.gov/pubmed/21849642
http://www.ncbi.nlm.nih.gov/pubmed/21849657
http://www.ncbi.nlm.nih.gov/pubmed/23337294
http://www.ncbi.nlm.nih.gov/pubmed/23337294
http://www.ncbi.nlm.nih.gov/pubmed/23480656
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2015.1843

	Risk of stroke at the time of carotid occlusion
	Citation of this paper:

	Risk of Stroke at the Time of Carotid Occlusion

