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Stroke recurrence in the different subtypes
of ischemic stroke. The importance of the
intracranial disease

Recorréncia nos diferentes subtipos de acidente vascular cerebral isquémico.
A importéncia da doenca intracraniana.

Marcos C Lange’, Gustavo Ribas’, Valeria Scavasine’, Renata Dal-Pra Ducci’, Danielle C. Mendes', Viviane
de Hiroki Flumignan Zétola', Norberto Cabral? Tatjana Rundek?®

ABSTRACT

The aim of the study was to analyze the long-term recurrence rate in patients with a first-ever ischemic stroke secondary to intracranial
large artery atherosclerosis (LAA) in a Brazilian population. Methods: All stroke patients admitted to the hospital between October 2012
and September 2015 were evaluated. The stroke mechanism subtypes were classified as cardioembolism, LAA, small-vessel occlusion,
other determined etiologies, and stroke of undetermined etiology. Results: The 359 first-ever ischemic stroke patients were followed up for
a mean time of 21.6 + 15.1 months. The LAA intracranial (38.9%) and extracranial (24.6%) stroke patients presented with a higher stroke
recurrence. Intracranial LAA [HR, 10.2 (3.6-29.1); p < 0.001] and extracranial LAA [HR, 5.05 (1.79-14.2); p = 0.002] were the only conditions
to show positive correlation with the recurrence rate, after adjusting for risk factors, thrombolysis, and National Institutes of Health Stroke
Scale score at admission. Conclusion: Intracranial LAA presents a higher incidence of recurrence of ischemic stroke when compared with
other etiologies in a Southern Brazilian population.
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RESUMO

O objetivo do presente estudo é analisar a taxa de recorréncia a longo prazo em pacientes com o primeiro AVCi secundario a
aterosclerose de grande artéria intracraniana em uma amostra brasileira. Métodos: Pacientes admitidos entre outubro de 2012 e
setembro de 2015 foram analisados. Os subtipos do mecanismo de AVC foram classificados como cardioembolismo, aterosclerose
de grandes artérias, oclusao de pequenos vasos, outras etiologias determinadas e AVCi de causa indeterminada. Resultados: Foram
avaliados 359 pacientes com primeiro AVCi. O tempo médio de seguimento foi de 21,6 + 15,1 meses. A aterosclerose de grande
artéria, intracraniana (38,9%) e extracraniana (24,6%), apresentou a maior taxa de recorréncia. A aterosclerose de grande artéria
intracraniana[HR, 10,2 (3,6-29,1); p < 0,001] e extracraniana [HR, 5,05 (1,79-14,2); p = 0,002] demonstraram correlagao positiva com a
taxa derecorréncia,apés o ajuste para fatores de risco, trombélise e gravidade dos sintomas na admissao. Conclusao: A aterosclerose
de grande artéria, tanto intracraniana como extracraniana, apresenta maior recorréncia comparado aos outros mecanismos de AVCi
em uma amostra do Sul do Brasil.
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Intracranial atherosclerosis is the mechanism of ischemic
stroke in 6a10% of the patients in Western countries and 50%
of patients in Eastern countries'***. Patients with intracra-
nial atherosclerosis exhibit an ischemic stroke recurrence
rate of 14-19% within two years®”. Until now, most of the cur-
rent knowledge about intracranial atherosclerosis has come

from the Northern Hemisphere. The aim of the present study
was to analyze the long-term stroke recurrence rates among
the Brazilian patient population with a first-ever ischemic
stroke secondary to intracranial large artery atherosclerosis
(LAA), compared to a first-ever ischemic stroke secondary to
other mechanisms.
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METHODS

This study was a retrospective analysis of prospective hos-
pital data from all patients with a first-ever ischemic stroke,
admitted to the Hospital de Clinicas of the Federal University
of Parand, between October 2012 and September 2015. The
study was approved by the local ethics committee and the
board waived the need for patient consent.

All patients had a brain scan [computed tomography
(CT) or magnetic resonance (MR)] to confirm the presence
of a lesion consistent with the clinical syndrome diagnosed
during admission. The stroke mechanism subtypes were
defined according to the SSS-TOAST classification system as
cardioembolism (CE), LAA, small vessel occlusion (SVO), other
determined etiologies (OTH), and stroke of undetermined
etiology (UND); the mechanism was determined if there
were evident or probable criteria®. To determine the stroke
mechanism subtype, patients underwent electrocardiography,
extracranial and intracranial Doppler ultrasound, transthoracic
echocardiography, and at least one brain CT scan. In selected
cases, transesophageal echocardiography, 24-hour Holter
monitoring, CT angiography, MR angiography, or digital
angiography were also performed.

Patients with LAA were further subclassified as patients
with extracranial LAA, patients with intracranial LAA (= 50%
stenosis in any of the main arteries - carotid siphon, middle
cerebral artery, anterior cerebral artery, posterior cerebral
artery, vertebral artery and basilar artery) or patients with
combined (extracranial plus intracranial) LAA, based on
the topography of the symptomatic vessel. For the analyses,
patients with combined LAA (four patients) were included in
the patients with extracranial LAA group. To substantiate the
intracranial LAA, patients underwent at least two distinct
noninvasive scans of contrast-enhanced MR angiography or
CT angiography or transcranial Doppler ultrasound. If there
was a contradiction in the results of the two scans, digital
angiography was performed during hospital admission, to
either confirm or exclude intracranial disease. All patients
with intracranial LAA underwent a second noninvasive
evaluation (MR angiography, CT angiography, or transcranial
Doppler ultrasound) three months after the first set of scans
to confirm the persistence of stenosis and the diagnosis of
intracranial LAA. The intracranial stenosis was based on
previously-published criteria®'. All patients with intracranial
LAA were treated medically.

The following risk factors were analyzed: age, sex, hyper-
tension, diabetes mellitus, atrial fibrillation, hypercholes-
terolemia, and current smoking. Skin color was classified
based on the Brazilian Institute of Geography and Statistics
criteria’. The in-hospital analyses included the National
Institutes of Health Stroke Scale (NIHSS) scores, as well as
systolic and diastolic blood pressure at admission. Patients
were evaluated at outpatient visits, after discharge, to assess
the follow-up modified Rankin Scale (mRS) score and risk of
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stroke recurrence. Stroke recurrence was defined as a focal
neurological impairment of sudden onset lasting more than
24 hours and confirmed by a brain image during the fol-
low-up period™. Patients discharged from the hospital were
included in the present study if they were followed up for at
least three months.

Analyses were performed using Stata/SE 14.1 software.
Quantitative variables were described by mean and standard
deviations, or median with minimum and maximum values.
Categorical variables were presented as frequencies and
percentages. For comparison of the etiological groups by
quantitative variables, one-way analysis of variance (ANOVA)
or the Kruskal-Wallis nonparametric test was used. Categorical
variables were analyzed using a chi-square test. Normality of
data was determined using the Kolmogorov-Smirnov test.
Factors associated with recurrence were analyzed using
univariate and multivariate Fine and Gray proportional
hazards regression models (mortality as a competing risk)
and the Wald test. For the multivariate model, all significant
variables comparing different ischemic stroke mechanisms
and those related to recurrence in the univariate analyses were
considered. The subdistribution hazard ratio was estimated as
the measure of association. Proportional hazard assumption
was evaluated by cumulative incidence curves and analysis of
the interaction between each variable and time. No evidence of
violation of this condition was detected. Statistical significance
was accepted for p-values < 0.05.

RESULTS

Three hundred ninety-eight first-ever ischemic stroke
patients were admitted to the hospital during the study
period; 39 (9.8%) were excluded for lack of follow-up in the
first three months after discharge. Among the 359 patients
evaluated, the mean age was 64.4 + 13.6 years, 177 patients
(49.3%) were women, and 333 patients (92.8%) had white
skin color. The mean follow-up period was 21.6 + 15.1 months.
Brain CT was performed on all 359 patients; electrocardiog-
raphy on 346 patients (96.4%); extracranial and intracranial
Doppler ultrasound on 315 patients (87.7%); transthoracic
echocardiography on 318 patients (88.6%); transesophageal
echocardiography on 69 patients (19.2%); 24-hour Holter
monitoring on 81 patients (22.6%); CT angiography, MR angi-
ography, or digital angiography on 184 patients (51.3%); and
brain MRI on 168 patients (46.8%).

Eighteen patients (5%) were classified as having
intracranial LAA, 61 (17%) as having extracranial LAA, 107
(29.8%) as having CE, 90 (25.1%) as having UND, 68 (18.9%)
as having SVO, and 15 (4.2%) as having OTH stroke
mechanism subtypes.

Hypertension was more common in patients with
intracranial LAA (94.4%) and SVO (95.6%). Twelve patients
(66.7%) with intracranial LAA and 48 patients (70.6%) with



SVO had hyperlipidemia. Diabetes mellitus was observed
more frequently in patients with extracranial LAA (39.3%)
and SVO (38.2%), followed by intracranial LAA (33.3%). The
NIHSS score at admission was lower in intracranial LAA (2;
0-18), SVO (3.5; 0-13), and OTH (5; 0-20) when compared to
the NIHSS scores of other ischemic stroke subtypes. Table 1
shows the demographic and admission data from different
groups of patients. Antiplatelet therapy was introduced at the
time of discharge for 15 patients (83.3%) with intracranial LAA,
54 patients (93.1%) with extracranial LAA, 67 patients (98.5%)
with SVO, 25 patients (26.3%) with CE, 13 patients (86.7%)
with OTH, and 55 patients (88.7%) with UND. Anticoagulation
therapy was prescribed for 70 (73.8%) patients with CE, three
(16.7%) with intracranial LAA, three (5.3%) with extracranial
LAA, two (13.3%) with OTH, and four (6.6%) with UND.

During the follow-up period, stroke recurrence was
observed in 48 patients (13.4%): seven patients (38.9%) with
intracranial LAA, 15 patients (24.6%) with extracranial LAA,
12 patients (11.2%) with CE, five patients (7.3%) with SVO,
and nine (10%) UND patients. Patients classified under
OTH did not present with stroke recurrence. Patients with
intracranial LAA and extracranial LAA had higher stroke
recurrence rates, as determined by univariate analyses
(Table 2). When submitted to a multivariate analysis, the only
variables correlated with stroke recurrence were intracranial
and extracranial LAA stroke mechanisms (Table 3).

Functional independence (mRS score < 3) at the last review
was observed in 13 patients (81.3%) with intracranial LAA, 23
patients (53.5%) with extracranial LAA, 50 patients (67.6%)
with CE, 48 patients (82.8%) with SVO, nine patients (64.3%)
with OTH, and 32 patients (61.5%) with UND (p = 0.03).

DISCUSSION

The present study demonstrated that patients with intra-
cranial and extracranial LAA presented with the highest
stroke recurrence rate. Hypertension and hyperlipidemia
were more common in intracranial LAA patients.

Previously-reported stroke recurrence rates for patients
with intracranial LAA were 14% over two years and 23%
over three years™. In our study, the stroke recurrence rate
for patients with intracranial LAA was 38.9% over two years
of follow-up. The stroke recurrence rates for other ischemic
stroke subtypes in our study were very similar to previously-
reported rates in long-term studies'*"®. The most likely rea-
sons for the higher stroke recurrence observed in patients
with intracranial LAA was the increased vulnerability caused
by intracranial stenosis'®. In addition, the patients in our
study presented with a higher number of atherosclerotic
risk factors, predominantly hypertension, hyperlipidemia,
and diabetes mellitus when compared with the patients in
another large case-control study'. A similar set of risk fac-
tors was observed in another recent study done in Southern
Brazil®®. These findings could be explained by the patients
having a more complex atherosclerotic disease, increasing
the recurrence risk of ischemic stroke in this population.

In the current study, intracranial LAA patients showed
less severe neurological deficits, as evaluated by the NIHSS
at admission, with a good recovery, as demonstrated by the
mRS. Previous studies have demonstrated that patients with
low disability levels showed reduced compliance towards
continuation of stroke prevention therapy', thereby abrogating
the long-term benefits of aggressive medical management, as

Table 1. Demographic data for first-ever ischemic stroke patients, classified by stroke mechanism.

Variable ILAA ELAA CE SVo OTH UND p-value
Population 18 107 68 15 90

Age (Mean + SD) 63.3+16.5 63.1+12.9 64.8+12.6 66.6+14.7 58.5+14.9 645+13.3 0.371*
Female sex (N [%]) 7(38.9) 28(45.9) 57(53.3) 37(b4.4) 9 (60) 39(43.3)  0.491**
White skin color (N [%]) 16(88.9) 58(95.1) 100(94.3) 63(92.6) 14(93.3) 82(91.1) 0.892**
Hypertension (N [%]) 17(94.4)  49(80.3) 91(85.1) 65(95.6) 8(53.3) 65(73)  <0.001**
Diabetes mellitus (N [%)]) 6 (33.3) 24(39.3) 23(21.5) 26(38.2) 1(6.7) 29(32.2)  0.028**
Hyperlipidemia (N [%]) 12(66.7) 38(62.3) 59(55.1)  48(70.6) 7(46.7) 47(52.2)  0.169**
Current smoker (N [%)]) 5(27.8) 24(39.3) 21(19.6) 14(20.6) 4(26.7) 27 (30) 0.088**
Atrial fibrillation (N [%]) 0(0) 2(3.3) 62 (57.9) 0(0) 0(0) 2(2.2) <0.001**
Systolic blood pressure at admission (Mean + SD) 153.4 + 23.5150.2 + 26.3150.1 + 34.3158.5+31.9133.7 £ 19.1 1561.5 £ 341  0.149*
Diastolic blood pressure at admission (Mean + SD) 86.1 +12.1 88.0+14.3 89.8+20.6 92.7+171 776+9.8 877+20.0 0.089*
NIHSS at admission (Med (min-max]) 2(0-18) 10.5(0-24) 10(0-26) 3.5(0-13) 5(0-20) 11(0-29) <0.007***
Thrombolysis therapy (N [%]) 3(16.7) 28(45.9) bB1(477) 16(23.5) 3(20) 36 (40) 0.004**
Modified Rankin score < 3 at last visit (N [%)]) 13(81.3) 23(63.5) 50(67.6) 48(82.8) 9 (64.3) 32(61.5)  0.030**

ILAA: intracranial large artery atherosclerosis; ELAA: extracranial large artery atherosclerosis; CE: cardioembolism; SVO: small vessels occlusion; UND:

undetermined; *ANOVA, ** chi-squared test, ***Kruskal-Wallis.
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Table 2. Univariate analyses for stroke recurrence for first-
ever ischemic stroke patients.

Table 3. Multivariate model of stroke recurrence for first-ever
ischemic stroke patients.

Variable p-value SHR 95%Cl Stroke mechanism* p-value SHR 95%Cl
Age 0.805 1.003 0.98-1.03 ILAA <0.001 10.3 3.56-29.6
Sex 0.237 1.40 0.80-2.45 ELAA 0.001 5.38 1.95-14.8
Skin color 0.665 0.73 0.17-3.04 CE 0.521 1.50 0.44-515
Hypertension 0135 2.04 0.80-5.21 SVO (reference) = = =
Diabetes mellitus 0.679 0.88 0.48-1.61 UND 0.249 2.05 0.61-6.93
Hyperlipidemia 0747 110 0.62-1.95 SHR: subdistribution hazard ratio, [LAA: intracranial large artery
atherosclerosis; ELAA: extracranial large artery atherosclerosis; CE:
Current smoker 0.464 076 0.37-1.57 cardioembolism; SVO: small vessels occlusion; UND: undetermined. Fine and
Atrial fibrillation 0.819 0.92 0.43-1.94 Gray proportional hazards regression models with mortality as competing
! . _ risk. *Adjusted for hypertension, diabetes mellitus, atrial fibrillation,
Systolic blood pressure at admission 0.501 1.003 0.99-1.01 thrombolysis and NIHSS at admission.
Diastolic blood pressure at admission 0.213  1.01 0.99-1.03
Thrombolysis 0.763 0.92 0.53-1.60
NIHSS aton ad_miSSiO” 0.924 1.002 0.96-1.05 ancestry as well>?, The intracranial investigation was done by
Stroke mechanism transcranial Doppler ultrasound in the majority of patients and
ILAA <0.001 9.64 3.35-277 thi h q timated the f £ this di .
ELAA 0002 482 179-13.0 is may al.ve un e.ares 1@a e . e re.zquel‘lcy [ .s sease in
CE 0313 168 0.61-461 the population. Beside this, a diagnosis of intracranial LAA was
SVO (ref) _ _ _ based on the stenosis without consideration of the vessel wall.
Other* Therefore, the initial study selection may have included patients
UND 0.358 1.64 0.57-4.72 with diagnoses other than atherosclerosis and excluded patients

SHR: subdistribution hazard ratio; ILAA:intracranial large artery atherosclerosis;
ELAA: extracranial large artery atherosclerosis; CE: cardioembolism; SVO: small
vessels occlusion; UND: undetermined; *Not analyzed.

reported in the Stenting and Aggressive Medical Management
for Preventing Recurrent Stroke in Intracranial Stenosis trial®.
Furthermore, the impact of the low disability in patients with
intracranial LAA, as observed in the present study, did not
reduce the recurrence, as recently reported in a subgroup
analysis of the Clopidogrel in High-Risk Patients with Acute
Nondisabling Cerebrovascular Events trial, where patients
with intracranial artery stenosis and previous minor ischemic
stroke, or moderate-to-high-risk transitory ischemic attack
had a 12.5% chance of recurrence within 90 days, and patients
without intracranial artery stenosis had a 54% chance of
recurrence within the same period®.

The most important limitation of the present study was the
fact that it was a retrospective analysis of data collected from
a single hospital. However, we carried out extensive workups
in the majority of patients, confirming the stroke mechanism
with a high degree of accuracy. A second challenge was in the
accurate identification of ethnicity, as much of the Brazilian
population is multi-ethnic with a predominance of European
ancestry but some proportion of African and Amerindian
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LAA present with a high frequency of other risk factors and
are at high risk for stroke recurrence. Mitigation of risk
factors could reduce the prevalence of stroke recurrence in
patients with LAA.
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