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Abstract

Introduction: Patients with ischemic stroke (IS) and atrial fibrillation (AF) face a higher risk of recurrent vascular events. This
study evaluates the impact of atherosclerotic vascular disease burden across different vascular territories on the risk of vascular
events in patients with recent ischemic stroke and AF within 90 days. Patients and Methods: We included patients with IS and
AF from the International RAF network in a prospective 90-day follow-up. Atherosclerotic vascular disease was identified by at
least one of the following: Symptomatic ischemic heart disease, symptomatic peripheral artery disease, internal carotid stenosis
>50%, or the presence of plaques in the aorta. The primary outcome was a composite of stroke, transient ischemic attack,
systemic embolism, cerebral bleeding, and major extracranial bleeding within 90 days postacute stroke. Patients were categorized
into 5 groups based on the number of affected atherosclerotic vascular territories, with those with no atherosclerotic vascular
disease as the reference. Kaplan—Meier curves were generated and compared using the log-rank test to determine the predictive
value of the number of diseased territories for the risk of events. Data analysis was performed with SPSS/PC Win Package 25.0.
Results: Of the 2148 patients (mean age 77.59; 53.86% female), 744 (34.60%) had atherosclerosis. Multivariable analysis revealed
that involvement of 3 (hazard ratio [HR] 2.80, 95% confidence interval [CI]: 1.20-6.53) or 4 (HR 6.81, 95% CI: 1.02-36.24)
vascular territories was significantly associated with the risk of combined events. Conclusions: In patients with recent ischemic
stroke and AF, atherosclerosis across multiple territories correlates with a higher risk of future vascular events.
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Introduction AF frequently coexists with vascular diseases, such as coro-
nary artery disease (CAD) and peripheral vascular disease

Atrial fibrillation (AF) is the most common chronic cardiac (PAD). The CHA2DS2-VASc score, which includes vascular
arrhythmia and is a major cause of stroke and thromboembolic disease (V) as a criterion, is widely ,use d to assess stroke risk

events.! AF-related ischemic strokes are associated with
increased mortality, poorer functional outcomes, and increased
recurrence rates’ and survivors are left more disabled and
are more likely to suffer a recurrence compared to other
non-AF-related stroke patients. Epidemiological studies have
identified several risk factors for ischemic stroke (IS), both  *The whole list of Authors and their affiliations are listed on the supplemental
nonmodifiable ones, such as sex and age, and modifiable file.
ones, including hypertension, smoking, and diabetes mellitus.’ .
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in individuals with AF.* This score accounts for the presence of
conditions like myocardial infarction (MI), aortic plaque, carotid
stenosis, or PAD, with PAD notably raising the risk by 17%-22%
—a fact particularly pronounced in Asian populations.’

Analyses of the Swedish Atrial Fibrillation cohort study by
Friberg et al® highlight the importance of clinically significant
CAD as an independent risk factor for ischemic stroke in
patients with AF, with an adjusted incidence rate ratio of 1.29
(95% CI 1.08-1.53). Additionally, the presence of complex
aortic plaques, particularly in the descending aorta, has been
identified as a significant predictor of ischemic stroke risk, indi-
cating severe vascular disease.” It is crucial to recognize,
however, that the CHA2DS2-VASc score, while comprehen-
sive, does not account for the heightened risk that comes with
the involvement of multiple vascular territories.

Moreover, vascular disease in more than one arterial territory
is a marker of advanced diffused atherosclerosis and is associ-
ated with a worse prognosis than single-vessel disease.® Indeed,
atherosclerotic disease may confer a poor outcome in patients
with AF.>'° Previous studies have reported that higher
CHADS, and CHA,DS,-VASc scores were proportionally
associated with cerebral atherosclerotic vascular disease
(AVD) burden in stroke patients with AF.” However, data
regarding the impact of atherosclerotic burden as reflected by
the involvement of multiple diseased vascular territories on vas-
cular outcomes in stroke patients with AF are limited. In a
recent paper, Lin et al,” reported that the presence of PAD or
CAD in patients with AF does not contribute equally to the
risk prediction and presentation of ischemic stroke and systemic
thromboembolism and polyvascular disease, defined as the
presence of atherosclerosis in more than one arterial bed; coro-
nary arteries, peripheral arteries, and cerebrovascular arteries,
should be considered at a higher risk compared to those with
only one of these conditions.

This study aimed to assess the impact of AVD burden across
affected vascular territories including coronary artery, carotid,
aorta (ascending, arch, descending and abdominal, peripheral
arteries) on the risk of vascular events among patients with
recent stroke and AF within 90 days. Additionally, we explored
the relationship between an increasing number of affected terri-
tories on the risk of vascular events.

Methods

The data that supported the findings of this study are available
from the corresponding author upon reasonable request. We
merged the databases from 2 prospective observational
studies: The Early Recurrence and Cerebral Bleeding in
Patients With Acute Ischemic Stroke and Atrial Fibrillation
(RAF) study'' conducted from January 2012 to March 2014
in 29 Stroke Units and the Early Recurrence and Major
Bleeding in Patients With Acute Ischemic Stroke and Atrial
Fibrillation Treated With Non-Vitamin K Oral Anticoagulants
(RAF-NOAC) study,'? carried out from April 2014 to June
2016 in 35 Stroke Units. These studies included regions in
Europe, the US, and Asia.

The design of these studies has been previously published
elsewhere.' "'

Briefly, these prospective observational multicenter studies
included patients with acute ischemic stroke and AF. The
RAF and RAF-NOAC aimed to evaluate the rates of early
recurrence and major bleeding within 90 days to determine
the best type and time for initiating anticoagulation treatment
for secondary stroke prevention.'"'? The studies were approved
by the local institutional review boards if required. Local inves-
tigators were responsible for filling in standardized forms with
predefined variables using individual patient data from corre-
sponding study databases. Completed forms were sent to the
coordinating center in Perugia, Italy, where the pooled analysis
was performed. The corresponding author and the co-authors
had full access to the data and took responsibility for the integ-
rity of the analysis.

We included patients with: (1) Acute IS with a systematic
follow-up of at least 3 months or longer after the index event
(patients with a fatal event before 3 months were also included
in the analysis) (2) diagnosis of nonvalvular AF either known
prior to the index event or detected after the event; (3) informa-
tion on antithrombotic therapy (anticoagulation or antiplatelet)
prior to and after index event available; (4) secondary stroke
prevention with Direct oral anticoagulations or Vitamin K
antagonist; and (5) information on the presence/absence of
recurrent IS, systemic embolism, intracerebral hemorrhage,
major extracranial bleeding and death. We excluded patients
with (1) intracerebral hemorrhage that occurred before the
index event; (2) mechanical heart valves; (3) rheumatic or
severe mitral valve stenosis; (4) long-term secondary stroke pre-
vention with antiplatelet only; or (5) missing information on
antithrombotic treatment before and after the index event.

On admission, stroke severity was assessed using the
National Institutes of Health Stroke Scale (NIHSS). A noncon-
trast cerebral computed tomography (CT) or cerebral magnetic
resonance (MR) scan was performed on admission to exclude
intracranial hemorrhage. Revascularization treatments were
given as per standard local protocol when appropriate.
Standard Stroke Unit care, monitoring, and treatment were pro-
vided according to international acute ischemic stroke recom-
mendations. Attending physicians decided the type of
anticoagulants for secondary prevention and the day of initiat-
ing anticoagulant treatment. The RAF study included patients
treated with either vitamin K antagonists or nonvitamin K
antagonist oral anticoagulants (NOACs), while the
RAF-NOAC study included only patients who received
NOAGCs. AF was categorized as paroxysmal, persistent, and
permanent.] 112

For the purpose of this study, AVD was defined as the pres-
ence of at least one of the following diseased vascular territo-
ries: (1) history of symptomatic ischemic heart disease (MI,
history of angina or previous diagnosis of multiple lesions on
thallium heart isotope scan, or evidence of coronary disease
on coronary angiography); (2) history of symptomatic periph-
eral artery disease (intermittent claudication of presumed ath-
erosclerotic origin, or ankle/arm systolic blood pressure ratio
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<0.85 in either leg at rest, or history of intermittent claudication
with previous leg amputation, reconstructive surgery, or angio-
plasty); (3) presence of internal carotid stenosis >50% on
duplex ultrasound examination and/or on CT angiography
scan and (4) presence of plaques in the aorta (ascending
aorta, arch of aorta, descending aorta, and abdominal aorta).

Risk Factors

Data on known stroke risk factors were collected: Age, gender,
history of hypertension (blood pressure of >140/90 mmHg at
least twice before stroke or already under treatment with antihy-
pertensive drugs), history of diabetes mellitus (preprandial
fasting glucose level >126 mg/dL on 2 examinations, or post-
prandial glucose level >200 mg/dL, or HbAlc>6.5%, or
under antidiabetic treatment), current cigarette smoking, past
smoking (cessation less than 5 years prior), hyperlipidemia
(total cholesterol >200 mg/dL or triglyceride >140 mg/dL or
already under lipid-lowering therapy), alcohol abuse (>300 g
per week), obesity (body mass index >30 kg/m?), or previous
stroke/transient ischemic attack (TIA). White matter changes
(leukoaraiosis defined on the first CT or MR) were categorized
as ill-defined, and moderately hypodense (at CT) or hyperin-
tense (on T2-weighted MR) areas of >5 mm according to pub-
lished criteria). Leukoaraiosis in the deep white matter was
dichotomized into absent versus present (independently if
mild, moderate, or severe).”’

Other baseline variables obtained at admission included:
fasting serum glucose, fasting serum cholesterol (total, HDL,
and LDL), platelet count, international normalized ratios, acti-
vated partial thromboplastin time, systolic blood pressure, and
diastolic blood pressure.

Data on antiplatelet, anticoagulants, or thrombolytic agents,
prior to admission, at baseline, and during the follow-up period
were recorded.

Outcome Evaluation

Patients were followed up prospectively by face-to-face or tele-
phone interviews. Whenever an outcome event occurred,
patients were requested to bring complete documentation of
the event to the face-to-face appointment.

The primary outcome included the composite of recurrent
ischemic cerebrovascular events (including stroke or TIA),
symptomatic systemic embolism, intracerebral hemorrhage,
and severe extracranial hemorrhage at 90 days. Furthermore,
both ischemic and hemorrhagic outcomes were evaluated
separately.

Stroke was defined as the sudden onset of a new focal neu-
rological deficit of vascular origin in a site consistent with the
territory of a major cerebral artery and categorized as either
ischemic or hemorrhagic. TIA was defined as a transient
episode of neurological dysfunction caused by focal brain
ischemia without acute infarction. Systemic embolism was
defined as an acute vascular occlusion of a limb or organ con-
firmed at imaging, surgery, or autopsy. Cerebral bleeding was

considered symptomatic if associated with a decline in neuro-
logical status (an increase of >4 points in NIHSS score or
leading to death). Major extracerebral bleeding was defined as
a reduction in the hemoglobin level of at least 2 g/dL, a need
of blood transfusion of at least 2 U, or symptomatic bleeding
in a critical area or organ.'*

Statistical Analysis

The study patients were classified into 5 groups according to the
number of AVD territories (0, 1, 2, 3, and 4). The group with no
AVD was the reference group for comparison.

For patients with or without outcome events, differences in
clinical characteristics and risk factors were evaluated using
the y2 test of proportions (with a 2-sided o level of 5%), by cal-
culating odds ratio (OR) and 95% confidence intervals (CIs).
Multivariable logistic regression analysis was performed to
identify independent associations with outcome events, and
the variables included in this analysis were the following:
age, sex, hypertension, diabetes mellitus, hyperlipidemia,
current alcohol abuse, current smoking habit, paroxysmal AF,
history of stroke or TIA, therapy with oral anticoagulants,
therapy with statins, presence of leukoaraiosis, and the presence
of atherosclerosis. Furthermore, survival and empirical cumula-
tive hazard functions were estimated via the Kaplan-Meier esti-
mator for the 2 groups for outcome events. Patients were
censored at the time of an outcome event or death.

Kaplan—-Meier curves were compared, using the log-rank test
to assess the predictive value of risk classes for the risk of
outcome events. Data were analyzed using the SPSS/PC Win
Package 25.0.

Results

Atherosclerotic Vascular Disease Versus None

Out of the total of 2156 patients, 2148 (mean age 77.59 years
old; 53.86% female) were included in the final analysis.
(sFigure 1 on the Supplemental Material) Among these, 744
(34.6%) had atherosclerosis. Baseline characteristics are sum-
marized in Table 1. Patients with AVD were older and more
likely to have higher baseline NIHSS-score at admission, diabe-
tes mellitus, hypertension, previous stroke/TIA, congestive
heart failure, current smoking, and leukoaraiosis. Patients
without atherosclerosis were more likely to receive oral antico-
agulant therapy after the index stroke. Regarding treatment,
patients with AVD were more frequently pretreated with
statins at admission (35.2%, P<.001) and with aspirin after
the index event (16.1%, P<.001), while less frequently
received oral anticoagulation therapy (76.6%, P<.001) and
441 (20.5%) patients were treated with acute revascularization
(rt-PA or mechanical thrombectomy or combined). After the
acute stroke, 344 patients with AVD (46.2%) were treated
with NOACs; 126 (36.6%) with Rivaroxaban, 119 (34.5%)
with Apixaban and 99 (28.7%) with Dabigatran. The results
from the univariate analysis for variables associated with
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Table I. Characteristics of the Patients With and Without Atherosclerosis.

Atherosclerosis* N =744 No Atherosclerosis N = 1404 P Value
Age (mean) 77.51 £9.04 75.68+10.10 <.001
NIHSS at admission (mean) 8.96 +6.78 8.10+v6.76 .005
Sex, male 407 (54.7%) 584 (41.6%) <.0001
Diabetes 236 (31.7%) 244 (17.4%) <.0001
Statins at admission 262 (35.2%) 322 (22.9%) <.0001
Hypertension 652 (87.6%) 1029 (73.3%) <.0001
Hyperlipidemia 342 (46.0%) 378 (26.9%) <.0001
Paroxysmal AF 305 (41.0%) 621 (44.2%) 169
History stroke/TIA 237 (31.5%) 328 (23.4%) <.0001
Current smoker 79 (10.6%) 124 (8.8%) .188
Alcoholism 56 (7.5%) 85 (6.0%) .200
Pacemaker 70 (9.4%) 80 (5.7%) .002
Congestive heart failure 193 (25.9%) 176 (12.5%) <.0001
Leukoaraiosis 394 (52.9%) 695 (49.5%) .145
Hemorrhagic transformation (24-72 h) 81 (10.9%) 157 (11.2%) .885
Oral anticoagulant therapy after index event 570 (76.6%) 1190 (84.7%) <.0001
DOAC therapy after index event 344 (46.2%) 869 (61.9%) <.0001
Aspirin after index event 120 (16.1%) 120 (8.5%) <.0001

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; AF, atrial fibrillation; TIA, transient ischemic attack.

AVD are listed in Table 1. Male sex 407 (54.7%, P value
<.001), diabetes 236 (31.7%, P<.001), hypertension 652
(87.6%, P<.0001), hyperlipidemia 342 (46.0%, P<.001) and
history stroke/TIA 237 (31.5%, P<.001) were all significantly
associated with atherosclerosis. On multivariate analysis, vari-
ables independently associated with AVD are listed in
Table 2. The distribution of the affected vascular territories is
listed in Table 3.

Outcome Events

Over 90 days of follow-up, the combined outcome were
recorded in 77 AVD patients (10.3%) and in 97 (6.9%)
no-AVD patients (HR 1.22, 95% CI: 0.87-1.92). Of the AVD
patients, 33 (11.3%) had a history of symptomatic ischemic
heart disease, 26 (14.7%) PAD, 26 (15.8%) aortic plaques,
and 35 (9.7%) carotid stenosis. The Kaplan Meier Curve of
the combined outcomes in patients with AVD and no AVD
was overlapping for the 2 groups (sFigure 2 on the
Supplemental Material).

Ischemic events during follow-up were recorded in 46
(6.2%) AVD patients and in 55 (3.9%) no-AVD patients (HR
1.24, 95%Cl: 0.80-1.92) (Table 4). Hemorrhagic events
occurred in 31 (4.1%) AVD patients and in 42 events (3.0%)
no-AVD patients (HR 1.22, 95%CI: 0.74-2.03), the increase
in the atherosclerotic territories was not statistically significant
(Table 4).

In the multivariable analysis, patients with AVD involving 3
or 4 vascular territories demonstrated a notably increased risk of
combined vascular outcomes when compared to those with
no-AVD. Specifically, for involvement of 3 territories, the
hazard ratio (HR) was 2.80 (95% CI: 1.20-6.53), and for 4 ter-
ritories, the HR was 6.81 (95% CI: 1.02-36.24) (Table 5 and
Figure 1). Additionally, the risk for ischemic outcomes was

Table 2. Multivariate Analysis on the Associations of Baseline
Characteristics With Atherosclerosis.

Atherosclerosis OR (95%Cl) Lower P

N=744 Limit-Upper Limit ~ Value
Age (mean) 77.51 +£9.04 1.02 (1.01-1.03) <.001
Sex, male 407 (54.7%) 1.86 (1.52-2.29) <.001
NIHSS at admission  8.96 +6.78 1.02 (1.01-1.03) .001
(mean)
Diabetes 236 (31.7%) 1.83 (1.46-2.30) <.001
Hypertension 652 (87.6%) 1.95 (1.48-2.57) <.001
Hyperlipidemia 342 (46.0%) 1.84 (1.50-2.26) <.001
Paroxysmal AF 305 (41.0%) 1.15 (0.94-1.41) 172
History stroke/TIA 237 (31.5%) 1.20 (0.97-1.50) .086
Current smoker 79 (10.6%) 1.56 (1.10-2.21) 013
Alcoholism 56 (7.5%) 1.04 (0.70-1.55) .820
Pacemaker 70 (9.4%) 1.39 (0.95-2.01) .082
Congestive heart 193 (25.9%) 2.14 (1.66-2.75) <.001
failure

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; AF, atrial
fibrillation; TIA, transient ischemic attack.

Table 3. Characteristics of Atherosclerotic Territories.

Ischemic Peripheral
Heart Artery Aorta Carotid
Atherosclerosis Disease Disease Sclerosis  Stenosis
| Territory 167 65 71 240
2 Territories 84 71 57 87
3 Territories 37 39 32 30
4 Territories 6 6 6 6

significantly higher when 3 territories were involved (HR
2.88, 95% CI: 1.04-7.95), and even more pronounced with 4
territories (HR 7.76, 95% CI: 1.22-49.23).
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Table 4. Outcomes of Patients With and Without Atherosclerosis.
Atherosclerosis No Atherosclerosis
N=744 N=1404 Odds Ratio (95%Cl) P Value

Combined outcome 77 (10.3%) 97 (6.9%) Unadjusted 1.56 (1.14-2.13) .006
Adjusted 1.22 (0.87-1.92) 2

Ischemic outcome® 46 (6.2%) 55 (3.9%) Unadjusted 1.62 (1.08-2.42) .018
Adjusted .24 (0.80-1.92) 3

Hemorrhagic outcome® 31 (4.1%) 42 (3.0%) Unadjusted 1.41 (0.88-2.26) 135
Adjusted 1.22 (0.74-2.03) 4

®lschemic outcomes (ischemic stroke and systemic embolism including MI).

b . . . . .
Hemorrhagic outcomes (intracranial hemorrhage and severe extracranial bleeding).

Table 5. Adjusted OR for Outcomes in Patients With Atherosclerosis
According to the Number of Vascular Territories Involved.

Adjusted OR (95%Cl) P value

Combined outcome

No atherosclerosis | (Reference)

Atherosclerosis
I. Territory 1.08 (0.74-1.58) .6
2. Territories 1.39 (0.77-2.49) 2
3. Territories 2.80 (1.20-6.52) .0l
4. Territories 6.81 (1.02-36.24) .04
Ischemic outcome

No atherosclerosis | (Reference)

Atherosclerosis
|. Territory 1.14 (0.70-1.85) 5
2. Territories 1.17 (0.54-2.52) .6
3. Territories 2.88 (1.04-7.95) .04
4. Territories 7.76 (1.22-49.23) .03
Hemorrhagic outcome

No atherosclerosis | (Reference)

Atherosclerosis
I. Territory 1.08 (0.62-1.89) 7
2. Territories 1.72 (0.75-3.93) 2
3. Territories 2.16 (0.56-8.26) 2
4. Territories NA

Discussion

Our analysis shows that patients with AVD involving 3 or 4 ter-
ritories are at a significantly increased risk for combined vascu-
lar and ischemic events. Conversely, the degree of
atherosclerotic involvement does not appear to correlate with
bleeding outcomes. This indicates that the increased risk in
the combined patient group is primarily attributable to ischemic
rather than hemorrhagic events. Our findings are consistent with
another study from Park et al,'> who reported that concomitant
AVD among stroke patients with AF was associated with a
higher risk of major adverse vascular events MACE and all-
cause death in a dose-dependent manner. The study observed
a high presence of extracranial stenosis. However, the data
reported by Park et al were limited to Korean Atrial
Fibrillation Evaluation Registry; the higher prevalence of intra-
cranial stenosis may limit the generalization to other ethnic
stroke populations.'® In our study, patients in the AVD group
were older and more likely to have risk factors that are

closely connected to atherosclerosis and increased stroke
risk.!” In our study, more than a third of the patients with AF
had atherosclerotic disease, which is higher than the subanalysis
of SPAF-III (Stroke Prevention in Atrial Fibrillation) trial,
where the presence of complex atherosclerotic plaque was
reported in 25% of patients with AF independent of sex and
serum cholesterol levels.'” However, the SPAF-III population
was almost 10 years younger and less well-screened for vascu-
lar disease compared to our study population with different def-
inition of atherosclerosis. In many observational studies, AF
and AVD share common risk factors such as hypertension,
obesity, and age, which is in-line with our study.'® Our analysis
of CHA2DS2-VASc score distribution among different vascu-
lar territories revealed that patients with increased atheroscle-
rotic territory involvement tended to have higher
CHA2DS2-VASc scores (data not shown). This supports the
validity of the CHA2DS2-VASc score as a comprehensive indi-
cator of vascular disease burden. The presence of atheroscle-
rotic disease may play a significant role in the residual stroke
risk of AF patients who are already on anticoagulation. In the
RENO study, about 30% of the patients with cerebrovascular
events had a stroke due to causes other than cardio-embolism. '’
Indeed, ischemic stroke in patients with AF is not exclusively
cardio-embolic.?* %2 For this reason, in patients with the break-
through stroke while on oral anticoagulant therapy, the first step
should be to diagnose the aetiology of the new event, which
may require a reassessment of the original treatment strategy.
The stroke etiologist in patients with AF while on oral anticoag-
ulant are heterogeneous and may include nonAF-related com-
peting stroke mechanisms (such as large artery and small
vessel diseases); therefore, the AVD may still play a significant
role.'*?%2! As reported in our study, the higher the burden of
atherosclerosis with more vascular territories involved, the
higher the risk of stroke events. Therefore, a thorough diagnos-
tic workup should be performed on AF patients to define the
risk burden. However, add-on treatment with aspirin does not
reduce the recurrence risk but increases only the hemorrhagic
risk.>* A possible strategy in these patients would be an
optimal control of vascular risk factors, which is part of the
current holistic or integrated care approach to AF management
recommended in guidelines.”* Adherence to such an approach
has been associated with improved clinical outcomes, including
a lower relative risk of death, stroke, bleeding, and
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Figure |. Outcomes in patients with atherosclerosis according to the number of atherosclerotic vascular territories involved.

hospitalization.”*** In our study, patients with AVD were
taking less oral anticoagulant therapy and more statins on
admission, consistent with a prior study.”> Despite these
patients having higher cardiovascular risk, they tended to be
undertreated and to have more severe strokes at admission.
These patients deserve evidence-based treatment with NOACs
as recommended by the guidelines.”®

Our study has several limitations. Firstly, as a post hoc anal-
ysis of observational, nonrandomized studies, there is potential
for selection bias despite the use of adjusted statistical models to
control for confounders. Secondly, the relatively low number of
outcome events may reduce the statistical power of our analy-
ses. Outcomes were not centrally adjudicated but instead
assessed by local investigators, which could affect the consis-
tency of the diagnosis of AVD. Thirdly, the methodological

approaches to defining vascular territories and outcome events
carry certain limitations, as previously discussed in the RAF,
RAF-NOAC, RENO, and RENO-EXTEND studies by our
international group.'!'%!%%7

Conclusions

AVD serves as a prognostic marker in individuals with recent
stroke and AF, particularly when 3 to 4 territories are affected.
The degree of vascular territory involvement directly correlates
with an increased risk of combined and ischemic events.
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