Differential incidence of ipsilateral ischemic stroke in patients with
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ABSTRACT
Objective: To investigate incidences of ipsilateral ischemic stroke (IS) and other outcomes for medically and surgically
treated asymptomatic carotid stenosis (ACS).

Methods: The Swedish vascular registry (Swedvasc) was used to identify patients undergoing carotid intervention, who
had a contralateral nonoperated ACS (medically treated ACS), as well as patients with surgically treated ACS from 2008
to 2017. Swedvasc was merged with the national stroke register to determine stroke incidence. Hospital records were
obtained to determine stroke type and laterality. Primary outcome was ipsilateral IS beyond the perioperative 30-days
period. Secondary outcomes included any stroke and all-cause mortality. For surgically treated ACS, perioperative stroke
or death and the composite outcome perioperative stroke or death plus late ipsilateral IS were analyzed. Cox regression
was used to analyze the influence of clinical risk factors and assess risk differences between groups.

Results: There were 1457 patients with medically treated ACS and 1023 patients with surgically treated ACS. Patients
with medically treated ACS were almost 5 years older than those with surgically treated ACS. Mean yearly incidences of
outcomes for medically and surgically treated ACS were 1.1% and 0.3% for ipsilateral IS, 2.4% and 1.2% for any stroke, and
5.6% and 3% for all-cause mortality. Clinical risk factors were not significantly associated with ipsilateral IS in either
group, including severity of baseline stenosis (50%-69% vs 70%-99%). Comparing ipsilateral IS for medically treated ACS
with perioperative stroke or death (2.6%) plus late ipsilateral IS for surgically treated ACS resulted in a projected min-
imum number needed to treat by surgery of 71 to avoid one ipsilateral IS over 5 years.

Conclusions: The incidence of ipsilateral IS was low in patients with medically treated ACS and very low in those treated
surgically. The present results suggest that the best medical treatment is preferable for most patients with ACS. (JVS-

Vascular Insights 2026;4:100535.)
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The management of asymptomatic carotid stenosis
(ACS) remains an issue of debate. Early randomized
controlled trials (RCTs) showed net benefit of carotid
endarterectomy (CEA) in addition to standard medical
treatment.? In contrast, modern studies of medically
treated ACS show decreasing rates of ipsilateral
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ischemic stroke (IS) with improved medical treatment
including statins—presently the mean incidence of
ipsilateral IS in studies of medically treated ACS is esti-
mated to be 1% per-year or less (some studies included
stenosis >50%).>* With event rates at this level, it has
been questioned whether the perioperative risk of
stroke or death, which may be up to 3%, is warranted
for patients with ACS (although this study included
>50%).> However, it has been also argued that recruit-
ment bias and/or loss of high-risk patients from long-
term follow-up may limit external validity of RCTs.* In
addition, the risk of ipsilateral IS for medically treated
ACS may be several times higher than average in
different high-risk groups, for example, severe
compared to moderate degree of carotid stenosis (CS)
and for high-risk plaque features.*®”

Partly reflecting the above uncertainties, guidelines
and national practices for the management of ACS
vary.®® The most recent up-date of guidelines from the
European Society for Vascular Surgery (ESVS) 2023
high-light the need for a validated algorithm to identify
persons with ACS who are at high risk for stroke on the
best medical treatment.® Currently, ESVS recommends
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that intervention should be considered in patients with
significant (60%-99%) ACS having at least one high-risk
feature and an expected survival more than 5 years.
Notably, several of the high-risk features are not evalu-
ated in routine work-up in most countries. Furthermore,
it is known that rates of surgical intervention for ACS vary
strongly between countries.'® In Sweden, less than 4% of
carotid procedures are presently performed for ACS,
whereas in the United States, the majority of carotid in-
terventions are for ACS.'"

The very low event rates found in recent RCTs of
ACS'*"® suggest that valuable complementary informa-
tion may be obtained from observational, “real-world”
studies, with possibly higher event rates. The aim of
this nationwide, register-based observational cohort
study was to determine the incidence of ipsilateral IS
of two groups of patients with ACS:

1. Patients operated for symptomatic CS who at the
time of surgery had a significant ACS (>50%) on the
nonoperated side who were treated medically post-
operatively: “medically treated ACS.”

2. Patients with a primary operation for ACS: “surgically
treated ACS.”

Our assumption was that both groups would have me-
dium to high risk for events: (1) medically treated ACS
due to bilateral CS at the outset combined with previous
intervention for symptomatic CS on the contralateral
side and (2) surgically treated ACS due to increasing
scrutiny in the selection of patients offered intervention
for ACS in Sweden with possible high prevalence of
high-risk features. In both groups, associations between
ipsilateral IS and clinical factors were investigated, to
identify if possible, factors which may aid in future risk
stratification. Although the groups were not directly
comparable, differences in risk and risk profiles were
assessed by multivariate Cox regression. The study fol-
lowed the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines." Patients had con-
sented to being reported to the Swedvasc and Riks-
stroke registers, and the study was approved by the
Central Ethical Review Board in Stockholm (EPN 2017/
1223-31/2).

METHODS

Study population. The Swedish National Registry for
Vascular Surgery (Swedvasc) was used to identify pa-
tients with carotid interventions from July 1, 2008, to
September 30, 2017. Swedvasc has high coverage, for ca-
rotid procedures close to 100%." All patients with ACS in
Swedvasc were eligible for inclusion; a specific popula-
tion size was not calculated.

Group 1 (medically treated ACS) was defined as pa-
tients who at the time of primary CEA for symptomatic
CS, had significant, nonoccluded ACS on the nonoper-
ated (ie, contralateral) side and were alive more than
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ARTICLE HIGHLIGHTS

- Type of Research: Multiple-center, retrospective,
nation-wide, register-based (Swedish vascular regis-
try, Swedvasc, and Swedish Stroke Register) cohort
study of medically and surgically treated asymptom-
atic carotid stenosis (ACS) with prospectively
collected data
Key Findings: Two groups of patients with ACS were
compared; 1457 patients were treated medically,
and 1023 patients were treated surgically. The
mean incidence of ipsilateral stroke was 11% and
0.3% per-year, respectively, but when taking periop-
erative complications into account, the net benefit
of surgery was limited.
- Take Home Message: The net gain of surgical treat-
ment for ACS is limited because of low event rates
on medical treatment.

30 days after surgery. (Significant stenosis in Swedvasc
is defined as 50% to 99% according to North American
Symptomatic Carotid Endarterectomy Trial). Medical
treatment was prescribed according to European guide-
lines and included antihypertensive treatment, lipid-
lowering treatment, and antiplatelet therapy available
at the time of the study period. In diabetic patients,
the goal is strict glycemic control. Anticoagulants were
used in relevant cases.

Group 2 (surgically treated ACS) was defined as pa-
tients with a first intervention for ACS by either CEA or
carotid artery stenting (CAS) during the observation
period.

Patients were censored after relevant outcome event,
at death or if they had additional carotid interventions.

Outcome events. The Swedish stroke register, Riks-
stroke, was used to identify patients with stroke after ca-
rotid intervention. Swedvasc and Riksstroke data were
merged on the basis of Swedish national identity num-
ber. All 72 hospitals in Sweden treating patients with
stroke report to Riksstroke, which has high coverage.'®
For patients with stroke, hospital records were obtained
and evaluated as described previously in order to
determine type of stroke (ischemic or hemorrhagic) and
likely supplying artery.!” Two experienced stroke physi-
cians performed the evaluation based on hospital re-
cords including radiological information.

Primary outcome was ipsilateral IS in the territory of
the studied carotid artery, occurring beyond the periop-
erative period (30 days after carotid intervention).

Secondary outcomes were stroke of any type and all-
cause mortality beyond the perioperative period. All-
cause mortality was obtained from Swedvasc, which in-
cludes date of death for deceased patients and is cross-
matched to the Swedish National Population Registry.
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For surgically treated ACS, perioperative stroke or
death within 30 days of surgery was analyzed as a sepa-
rate secondary outcome event. Perioperative stroke
events were obtained from Swedvasc, which registers
perioperative complications, and/or from Riksstroke.
Perioperative deaths were obtained from Swedvasc.
The composite outcome perioperative stroke or death
plus ipsilateral IS after the perioperative period was
also analyzed.

The databases used in this study could only provide
ordinal data on baseline stenosis severity (50%-69% vs
70%-99%). Registry-data did not include information
on baseline computed tomography/magnetic reso-
nance imaging findings; “high risk for stroke” criteria as
defined in the 2023 ESVS carotid guidelines; cause of
death; severity of late strokes, and details on medical
treatment or compliance.

Clinical factors and comorbidities. The influence of
clinical factors on risk of ipsilateral IS was analyzed. Car-
diovascular risk factors were age, sex, smoking, hyper-
tension, and diabetes. Comorbidities included heart
disease and pulmonary disease. For medically treated
ACS, the degree of stenosis in the studied artery was
analyzed, comparing moderate (50%-69%) to severe
(70%-99%) stenosis. For surgically treated ACS, degree
of original stenosis, and presence and degree of contra-
lateral stenosis was investigated. Definitions of the above
factors have been provided previously."”

Statistical analyses. Descriptive statistics were used to
characterize the two groups. Continuous variables are
presented as means with standard deviation if normally
distributed, otherwise as median with interquartile
range. Nominal and ordinal variables are provided as
numbers with percentages. The two groups were
compared by independent Student t-test for age and
with y? test for nominal and ordinal variables.

Outcomes are presented as number (%) of events,
mean follow-up time, and mean yearly incidences.
Kaplan-Meier survival curves are shown as one minus sur-
vival. Cox regression was performed to investigate the in-
fluence of clinical factors on primary outcome. The
difference in risk between medically and surgically
treated ACS was investigated by multivariate Cox regres-
sion in an age- and sex-adjusted model. Hazard ratios
(HR) are presented with 95% confidence intervals (Cl).

Overall outcome for medically and surgically treated
ACS was assessed by comparing ipsilateral IS for medi-
cally treated ACS with the composite outcome perioper-
ative stroke or death plus late ipsilateral IS for surgically
treated ACS in an unadjusted analysis. The time to
break-even point and number needed to treat (NNT)
to avoid one ipsilateral IS over 5 years in the surgical
group were determined.

A P value of <05 was considered
significant.

statistically
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RESULTS

Cohort characteristics

Fig 1 shows how the cohort was established. There
were 1457 patients with medically treated ACS and
1023 patients with surgically treated ACS. Clinical char-
acteristics of the two groups are presented in Table. Pa-
tients in the medically treated group were on average
almost 5 years older than those in the surgically treated
group; they were also more likely to be female and to be
active smokers. Other cardiovascular risk factors had
similar distributions in the two groups. In the medically
treated group 156 patients (10.7%) were censored
because of additional carotid intervention, generally in
the studied carotid artery. In the surgically treated
group, 72 patients (7%) were censored, generally due
to intervention on the contralateral carotid.

Outcomes

Number of outcome events, yearly incidences, and
mean follow-up times for ipsilateral IS, stroke of any
type, and all-cause death for medically and surgically
treated ACS are presented in Supplementary Table | (on-
line only). The corresponding Kaplan-Meier curves are
shown in Fig 2, A-C.

Outcomes and risk factors for medically treated
ACS. For medically treated ACS, there were 57 primary
events ipsilateral IS over a mean follow-up time of
3.55 years, corresponding to a mean incidence of 1.1%
per-year (5-year cumulative incidence of 3.7%).

Number of strokes of any type were 119, out of which
nine were hemorrhagic. For four patients, the type of
stroke could not be determined since hospital records
were not obtained. Mean incidence for stroke of any
type was 2.4% per-year (5-year cumulative incidence of
7.4%). In total, 296 patients died during the observation
period, corresponding to a mean mortality of 5.6% per-
year (5-year cumulative incidence of 15.8%).

In the medically treated group, no clinical risk factors
were associated with significantly increased HR for ipsi-
lateral IS by univariate Cox regression, Supplementary
Table Il (online only).

Outcomes and risk factors for surgically treated
ACS. Perioperative stroke occurred for 27 of patients
with surgically treated ACS (ie, 2.6%). There were no peri-
operative deaths.

For surgically treated ACS, there were 17 primary events
ipsilateral IS over a mean follow-up of 515 years, corre-
sponding to a mean incidence of 0.3% per-year (5-year cu-
mulative incidence of 1.3%). Stroke of any type occurred in
64 patients, six of which were hemorrhagic. For one pa-
tient, the type of stroke could not be determined due to
lack of hospital record. Mean incidence for stroke of any
type was 1.2% per-year (5-year cumulative incidence of
46%). In total, 156 patients died during follow-up, corre-
sponding to a mean mortality of 32.0% per-year (5-year cu-
mulative incidence of 9.8%).
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Carotid interventions in Swedvasc
1st July 2008 to 30st September 2017
(unique patients)

e

Primary operation for
symptomatic carotid stenosis by CEA or CAS
and alive > 30 days after surgery [14]

8 836

7 589

Operated with CEA,
having a significant. non-occluded stenosis
in the non-operated carotid artery
"Medically treated ACS’

Primary operation for
asymptomatic carotid stenosis by CEA or CAS
and followed up > 30 days after surgery
*Surgically treated ACS’

1457 1023

Table. Cohort characteristics

In the surgically treated group, no clinical risk factors Comparison of risks and risk profiles for medically and
were associated with significantly increased HR for ipsi- surgically treated ACS
lateral IS by univariate Cox regression, including degree The two groups differed significantly in clinical risk fac-
of baseline ipsilateral stenosis (50%-69% vs 70%-99%), tors, in particular age and sex. In an attempt to quantify
Supplementary Table Il (online only). the risk difference, the adjusted, excess risk in the
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Fig 2. A-C, Kaplan-Meier curves of medically treated asymptomatic carotid stenosis (ACS; red) and surgically
treated ACS (blue) for the outcomes (A) ipsilateral ischemic stroke (/S), (B) any stroke and (C) all-cause mortality.
Please note that y-axis scale is the same for all stroke outcomes (A and B) but not for all-cause mortality (C).

medical compared with the surgical group was calcu-
lated in a multivariate, age- and sex-adjusted Cox regres-
sion model for all investigated outcomes. The results are
shown in Supplementary Table Il (online only). The
adjusted HR for ipsilateral IS in the medical compared
with the surgical group was 293 (95% CI, 1.66-5.17),
P < .0001. Medical as compared with surgical treatment
was the only significant risk factor in this model. For
stroke of any type, the adjusted HR for medically as
compared with surgically treated ACS was 1.65 (95% ClI,
119-2.28), P = .003. For all-cause death, the adjusted
HR for medically compared with surgically treated ACS
was 1.52 (95% Cl, 1.23-1.87), P < .0001. Age above 80 years
as compared with below 65 years was the most consis-
tent risk factor across outcomes.

Assuming that excess risk for all-cause death reflects
the remaining inherent risk difference between the
groups after adjustment, the estimated risk reduction
obtainable by surgery can be estimated by dividing HR
for ipsilateral IS with that for death, 2.93/1.52 = 1.93. This
suggests surgical treatment may reduce the relative
risk of ipsilateral IS by 48%, not taking into account peri-
operative complications.

Comparison of overall outcome

For the surgically treated group, the composite sec-
ondary outcome perioperative stroke plus ipsilateral
stroke beyond the perioperative period is shown in
Fig 3, red curve. Ipsilateral IS in the medically treated
group is shown in blue for comparison. Based on the
fact that (1) medically treated ACS had a more adverse
risk profile than surgically treated ACS and (2) surgically
treated ACS had very low incidence of ipsilateral IS, we
compared the two groups with establish an unadjusted
“best case scenario” for the overall effect of surgery.
Time to the ‘break-even” point (equal numbers of
strokes in the two groups) was 2.7 years. NNT in order
to avoid one ipsilateral IS over 5 years in the surgically
treated group was 71.
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Fig 3. Kaplan-Meier time-to-event curve for overall
adverse outcome. Red: ipsilateral ischemic stroke for
medically treated asymptomatic carotid stenosis (ACS).
Blue: composite outcome perioperative stroke within
30 days and ipsilateral ischemic stroke after 30 days for
surgically treated ACS.

With respect to stenosis severity, severe (70%-99%)
compared with moderate (50%-69%) stenosis was asso-
ciated with numerically higher HRs for ipsilateral IS in
both the medically and surgically treated groups,
although neither association reached statistical signifi-
cance (Supplementary Table Il, online only).

DISCUSSION

Contrary to our original hypothesis, we find a low mean
incidence of ipsilateral IS, 1.1% per-year, in a group of
medically treated ACS with previous CEA for symptom-
atic CS on the contralateral side. This is only marginally
higher than mean incidence in a study of medically
treated ACS identified by screening, 0.9% per-year, and
in a recent meta-analysis of studies published after
2010, 0.88%.*“ For surgically treated ACS, incidence of
late ipsilateral IS was very low, 0.3% per-year. Compared
with the recently published Carotid Revascularization
and Medical Management for Asymptomatic Carotid
Stenosis Study (CREST)-2 study, yearly incidence of ipsi-
lateral IS was lower in both groups of our study, but peri-
operative stroke or death was higher than in CREST-2.'®
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In the medically treated group, risk factor profiles did
not explain the low observed incidence of ipsilateral IS.
The prevalence of cardiovascular risk factors and comor-
bidities was at least as high as in Chang et al® Mean
yearly incidence of any stroke and all-cause death
were higher than in our study of symptomatic CS, sup-
porting the notion of a high-risk group."” The results sug-
gest good protection by medical treatment, also in
patients with previous CEA for symptomatic CS. None
of the investigated clinical factors were associated with
significantly increased HR for ipsilateral IS. This may be
due to limited event rate and power but also gives an
indication of the study size and observation time that
will be required to allow for reliable subgroup analysis
in future studies of ACS.

For the surgically treated group, the annual incidence
of ipsilateral IS was 0.3% per-year. This is similar to that
found in Asymptomatic Carotid Surgery Trial (ACST-2)
and marginally higher than that of the recent Stent-
Protected Angioplasty in Asymptomatic Carotid Artery
Stenosis vs Endarterectomy (SPACE-2) study.'*"® The
low event rate severely limited the power of risk factor
analysis, and no clinical factors were significantly asso-
ciated with increased HR for ipsilateral IS. Concerning
perioperative complications, the rate of perioperative
stroke was similar to that in ACST-2 and SPACE-2. How-
ever, ACST-2 included a 70% to 99% (locally validated
criteria), whereas SPACE-2 included 50% to 99% (ac-
cording to North American Symptomatic Carotid End-
arterectomy Trial).*"® Overall, our assumption of
elevated risk in the surgically treated group compared
with RCTs does not appear justified. Within the surgi-
cally treated group, no significant difference in the
risk of late ipsilateral IS was observed between patients
treated with CEA and CAS (Supplementary Table Il, on-
line only). However, only approximately 12% of patients
underwent CAS, limiting the statistical power of this
comparison.

Although CREST-2 demonstrated a statistically nonsig-
nificant marginally better outcome in surgically treated
patients, the NNT remained relatively high.'® As revascu-
larization in the study was performed by high-volume
surgeons (or high-volume interventionalists in relevant
cases), the generalizability of the results to routine clin-
ical practice may be limited. Moreover, other studies
have failed to demonstrate a net benefit of surgical
intervention in patients with CS classified as low
risk.”>'® There is limited knowledge on how patients
with ACS in Sweden are selected for surgery and further
research would be valuable. Notably, we found a longer
follow-up time for surgically treated ACS. This is likely
due to decreasing numbers of operations for ACS in
Sweden over the observation period, from more than
200 per-year in 2008 to 42 per-year in 2017. A high pro-
portion of patients in the surgically treated group thus
came from the first half of the observation period,
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resulting in longer mean observation times. Although
we cannot exclude minor differences in medical treat-
ment between the groups due to differences in recruit-
ment dates, medical treatment guidelines included
platelet inhibition, statins and antihypertensive treat-
ment for the entire observation period.

The medically and surgically treated ACSs were not
comparable with respect to risk profile. Differences in
clinical characteristics, in particular age, and higher rela-
tive risk in the medically treated group for most out-
comes indicate that the medical group had a more
adverse risk profile than the surgical group. Results are
not inconsistent with a relative risk reduction for ipsilat-
eral IS by surgical treatment of around 50%. However,
since the incidence was low also in the medically
treated group, the absolute risk reduction for ipsilateral
IS that can be achieved by surgery is expected to be
limited and likely well below 1% per-year.

Despite differences in risk profile, we compared overall,
crude adverse outcome between the two groups: ipsilat-
eral IS for medically treated ACS with the composite
outcome perioperative stroke/death plus ipsilateral IS
for surgically treated ACS. This may be considered
“best case” scenario for the effect of surgery, considering
the more adverse risk profile in the medical group and
very low incidence of late ipsilateral IS in the surgical
group. The time to break-even was 2.7 years, and NNT
was 71 to avoid one ipsilateral IS over 5 years. The corre-
sponding observation time is more than 350 patient-
years. Had the groups been matched, the above figures
would likely have been higher.

Strengths and limitations. A major strength of the
study is its national coverage: nearly 100% of patients
undergoing carotid intervention in Sweden are included
in Swedvasc.

However, several limitations should be considered
when interpreting the findings. First, the two study
groups are not directly comparable. The most notable
difference is age, with patients in the medically treated
group being older than those undergoing intervention.
In addition, follow-up duration differs between the
groups, largely reflecting a decrease in surgical treat-
ment over the study period. Although we adjusted for
age and sex in multivariable analyses, some residual
confounding may remain, as registry data do not cap-
ture all potentially relevant clinical factors.

Second, the study includes patients with a degree of
stenosis >50%, and more detailed stratification of steno-
sis severity was not available beyond the categories of
moderate and severe. This limits the ability to explore
potential differences across finer gradations of stenosis.
In addition, although guidelines generally recommend
surgery for patients with >60% stenosis, a small propor-
tion of patients with >50% stenosis were included,
which may contribute to some heterogeneity.
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Furthermore, in the medically treated group, approxi-
mately 10% of patients were censored because of subse-
guent surgical intervention, most commonly in the index
artery. Although this reflects real-world clinical practice, it
may have influenced outcome estimates. This subgroup
will be analyzed separately in a future study.

Finally, although the nationwide design supports good
external validity, the findings are most applicable to set-
tings with similar health care systems, risk factor distribu-
tions, and patient selection practices for carotid surgery.

CONCLUSIONS

This national cohort study supports the best medical
treatment as the most appropriate management for
most patients with ACS, including those discovered inci-
dentally in the work-up after IS or transient ischemic
attack. Clinical factors are of limited use in identifying
patients who may benefit of surgery. The value of high-
risk features suggested in guidelines, such as plagque
characteristics, cerebrovascular reactivity, microembolic
signals and stenosis progression, to select patients for
prophylactic intervention remains to be determined. A
future challenge will be to decide, which patients with
ACS should be offered extended work-up.
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