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Background. There is insufficient evidence about the suitability of dual-antiplatelet therapy (DAPT) for different stroke subtypes.
We aimed to determine the relationship between DAPT and early neurological deterioration (END) in patients with minor stroke
of undetermined cause. Methods. We retrospectively collected data on patients with minor stroke treated with aspirin alone or in
combination with clopidogrel and aspirin. Efficacy was the incidence of END defined as the National Institutes of Health Stroke
Scale score increase of ≥2 within 7 days after admission. Safety was defined as the rate of any bleeding event. These were
investigated in subtypes including the stroke of undetermined cause (SUC), large artery atherosclerosis (LAA), cardioembolism
(CE), and small artery occlusion (SAO). Results. 442 patients were assigned to the SUC (n = 91), LAA (n = 157), CE (n = 30),
and SAO (n = 164) groups. The incidences of END were not significantly different between patients treated with dual- versus
single-antiplatelet therapy in any stroke subtypes: LAA, 17.6% vs. 12.1% (P = 0 348); CE, 0% vs. 20.0% (P = 0 224); SAO, 8.8%
vs. 2.4% (P = 0 093); and SUC, 13.6% vs. 2.1% (P = 0 053). Multivariable analysis showed that after adjusting for confounding
factors, DAPT was the independent factor associated with END (odds ratio 13.39, 95% confidence interval (1.16-154.81), P =
0 038) in the SUC group, rather than the LAA, CE, and SAO groups. Conclusion. Combined clopidogrel and aspirin is a risk
factor for the rate of END only in minor stroke patients with the SUC subtype. This suggests that cryptogenic stroke may not
be suitable for DAPT in the acute phase.

1. Introduction

The efficacy and safety of dual-antiplatelet therapy (DAPT)
combining aspirin and clopidogrel have been strongly dem-
onstrated in patients with transient ischemic attack (TIA)
and minor acute ischemic stroke (AIS) [1, 2]. Subsequently,
the treatment regimen of ticagrelor combined with aspirin
has been also found to reduce stroke recurrence rates, but
it increases the risk of severe bleeding [3]. Moreover, the
application of DAPT in patients with ischemic cerebrovas-
cular events has been confirmed to be safe and effective, at
least in the two acute situations mentioned above [4]. How-
ever, it is also important to note that DAPT may cause early
neurologic deterioration (END) due to certain reasons such
as cerebral hemorrhage.

END is defined as a worsening of neurological severity
within the first few days after the onset of AIS, with an inci-
dence ranging from 10% to 30% [5–7]. Based on the results
of the Platelet-Oriented Inhibition in New TIA and Minor
Ischemic Stroke (POINT) and Clopidogrel in High-Risk
Patients with Acute Nondisabling Cerebrovascular Events
(CHANCE) trials, the current guideline recommends that
patients with minor stroke or high risk of TIA start DAPT
for 21 days after clinical onset [8]. However, early DAPT
may increase the risk of END, with hemorrhage and ische-
mic infarct growth being the most common causes of END
[9]. Meanwhile, DAPT can improve the long-term prognosis
of patients with AIS [10]. This suggests that the potential
benefit of DAPT in improving long-term outcomes may
not be offset by the possibility of increased END. However,
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it should be noted that different stroke subtypes have differ-
ent pathogenesis, and the pathogenesis of stroke of undeter-
mined cause (SUC) is currently believed to be mainly caused
by embolism [11], which is completely different from the
pathogenesis of large artery atherosclerosis (LAA) and small
artery occlusion (SAO). Therefore, it is worth investigating
whether DAPT is appropriate for minor SUC.

In summary, the aim of this retrospective study was to
examine the variation in the incidence of END among
patients with minor stroke of different stroke subtypes,
particularly in SUC, who received dual- versus single-
antiplatelet therapy. In addition, we also paid attention to
whether there were differences in the occurrence of cerebral
hemorrhage among stroke patients of different subtypes
treated with dual- versus single-antiplatelet therapy.

2. Methods

2.1. Subjects. We retrospectively enrolled patients from the
Department of Neurology at the First Affiliated Hospital of
Jinan University from January 2008 and December 2016.
Patients that met the following criteria were included: aged
≥40 years, hospital admission within 24 hours of onset,
having a score of 3 or lower on the National Institutes of
Health Stroke Scale (NIHSS), diagnosis of an AIS confirmed
by computed tomography or magnetic resonance imaging
[1, 2], and aspirin only or aspirin plus clopidogrel at admis-
sion. Prior to the CHANCE trials, there was no consensus
regarding the use of DAPT for minor stroke, and this was
therefore dependent on the experience of the clinician. After
the publication of the CHANCE trials, neurologists were more
likely to use DAPT for 21 days in minor stroke. Thus, in the
absence of intracerebral hemorrhage, DAPT (aspirin 100mg
plus clopidogrel 75mg) lasted from 7 days to 21 days.

Patients that met the following criteria were excluded: a
history of contraindications to aspirin or clopidogrel, defi-
nite indications for anticoagulation (e.g., atrial fibrillation
or artificial heart valves), and a history of intracranial hem-
orrhage; patients who had undergone or plan to undergo
thrombectomy were excluded as well. Stroke etiologies were
classified according to the TOAST criteria by a registered
neurologist (X.F.X.). Only patients with AIS diagnosed with
LAA, cardioembolism (CE), SAO, and SUC at discharge
were included in the analysis. The enrolled CE patients had
no evidence of cardiogenic factors at the time of admission
and were given either dual or single antiplatelet. After the
diagnosis has been confirmed, the patients were treated by
anticoagulation. The institutional review board of the First
Affiliated Hospital of Jinan University approved this study
protocol (ethical approval reference number: KY-2022-183).

2.2. Clinical Assessment. Baseline data on stroke-related risk
factors were collected including age, gender, history of
hypertension, diabetes mellitus, valvular heart disease, active
cancer, and the presence of smoking and drinking, and
blood pressure, admission NIHSS score, onset-to-door time,
and topography of infarcts were reviewed. Active cancer was
defined as newly diagnosed cancer undergoing treatment or
confirmed by pathological biopsy during hospitalization.

Laboratory findings on glucose, hyperlipidemia, and platelet
count were also collected.

2.3. Efficacy and Safety of DAPT. In this study, we used END
to assess the efficacy of DAPT. END was defined as an
increase in NIHSS score of 2 points or more within 7 days
after onset. We assessed the safety of DAPT by using the
presence or absence of hemorrhage. Referring to a previous
study, hemorrhage was classified as mild, moderate, or
severe [1]. Mild hemorrhage was defined as a bleeding event
that did not require transfusion or that did not alter hemo-
dynamics. Moderate hemorrhage was defined as bleeding
that required transfusion but did not result in hemodynamic
changes that required intervention. Severe hemorrhage was
defined as symptomatic intracranial hemorrhage or severe
extracranial hemorrhage.

2.4. Statistical Analysis. All analyses were performed using
SPSS 23.0 (SPSS Inc., Chicago, IL, USA). Numerical vari-
ables were expressed as mean ± standard deviation (SD) or
median with interquartile range (IQR) when appropriate.
Categorical variables between subgroups were analyzed
using the chi-square test, while numerical data were com-
pared using the Mann-Whitney U rank-sum test in the base-
line data. The chi-square test was used to compare the
incidence of END and hemorrhage in the presence of DAPT
for each TOAST subtype. Multivariable regression analysis
was used to determine the potential independent parameters
related to END in each TOAST subtype. Variables defined as
P < 0 1 in univariate analysis are imported into multivariable
analysis. A P value < 0.05 was statistically significant.

3. Results

3.1. Baseline Results. Between January 2008 and December
2016, a total of 442 patients with minor AIS met the
inclusion criteria. Table 1 shows the clinical baseline data
based on stroke subtypes. In total, 157 (36%), 30 (7%), 164
(37%), and 91 (20%) patients were diagnosed with AIS due
to LAA, CE, SAO, and SUC, respectively. Patients in the
CE group were older, had a higher proportion of valvular
heart disease and atrial fibrillation, and had a shorter
onset-to-door time than those in the other three stroke sub-
groups (P − all < 0 05).

3.2. Efficacy and Safety of DAPT in Each TOAST Subtype.
After seven days of stroke onset, 43 (10%) of the 422 patients
showed END, with 29 (12%) patients in the DAPT group
and 14 (7%) patients in the aspirin group (P = 0 033). We
then assessed whether the impact of DAPT on END differed
among TOAST subtypes. As shown in Table 2, the addition
of clopidogrel to aspirin did not prevent END in these stroke
subtypes (P = 0 348 in the LAA, 0.224 in the CE, and 0.093 in
the SAO group), while DAPT may increase the incidence of
END in the SUC group (P = 0 053). DAPT did not increase
the risk of hemorrhage compared with single-antiplatelet
therapy in all stroke subtypes (P − all > 0 05).

3.3. Risk Factors Associated with END. The baseline charac-
teristics based on the presence of END in stroke subtypes
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are shown in Table 3. The diastolic blood pressure at base-
line differed significantly between the END and no-END
groups in the SUC subgroup (P = 0 011). There were no
clinical features associated with END in the LAA, CE, and
SAO groups. We then conducted a multivariable regression
analysis to explore the independent factors related to the

END in the LAA, CE, SAO, and SUC groups (Table 3).
Parameters associated with END with P < 0 1 were involved
in the analysis. DAPT was the only risk factor related to the
END in the SUC group (OR = 13 39, 95% CI = 1 16 − 154 81,
P = 0 038). No associated independent risk factors were found
in the LAA, CE, and SAO groups.

Table 1: Demographic and baseline characteristics.

Variable LAA (n = 157) CE (n = 30) SAO (n = 164) SUC (n = 91) P value

Age (y) 65 7 ± 13 7 70 8 ± 14 9 63 5 ± 11 6 63 1 ± 13 3 0.016

Women 45 (28.7%) 13 (43.3%) 61 (37.2%) 28 (30.8%) 0.234

Prestroke vascular risk factors

Hypertension 104 (66.2%) 19 (63.3%) 120 (73.2%) 59 (64.8%) 0.399

Diabetes mellitus 33 (21.0%) 8 (26.7%) 56 (29.9%) 19 (20.9%) 0.438

Valvular heart disease 0 (0%) 2 (6.7%) 0 (0%) 0 (0%) 0.003

Atrial fibrillation 0 (0%) 14 (46.7%) 1 (0.6%) 0 (0%) <0.001
Active cancer 2 (1.3%) 0 (0%) 2 (1.2%) 1 (1.1%) 0.944

Current smoking 64 (40.8%) 13 (43.3%) 52 (31.7%) 31 (34.1%) 0.297

Current drinking 26 (16.6%) 1 (3.3%) 20 (12.2%) 16 (17.6%) 0.156

Clinical findings

SBP at baseline (mm Hg) 158 6 ± 26 2 150 5 ± 25 7 158 8 ± 22 7 153 1 ± 25 8 0.126

DBP at baseline (mm Hg) 85 9 ± 14 7 84 3 ± 18 3 86 9 ± 15 4 85 6 ± 16 1 0.819

Admission NIHSS score 2 (2-3) 2 (1-3) 2 (1-3) 2 (1-3) 0.352

Onset-to-door time (hour) 10.0 (5.0-17.0) 5.5 (3.0-10.2) 12.0 (6.0-21.0) 12.0 (5.0-22.0) 0.012

Topography of infarcts <0.001
Cortical infarct 53 (33.8%) 8 (26.7%) 0 (0%) 37 (40.7%)

Subcortical infarct 86 (54.8%) 3 (10.0%) 164 (100.0%) 13 (14.3%)

Both types of infarcts 18 (11.4%) 19 (63.3%) 0 (0%) 41 (45.0%)

Laboratory findings

Glucose (mmol/L) 6 6 ± 2 8 7 2 ± 4 0 6 6 ± 2 5 5 9 ± 1 9 0.076

Hyperlipidemia 52 (33.1%) 4 (13.3%) 56 (34.1%) 29 (31.9%) 0.154

Platelet count ≥ 200 × 109/L 113 (72.0%) 22 (73.3%) 133 (81.1%) 60 (65.9%) 0.052

Values are expressed as mean ± SD, median (interquartile range), or frequency (%). SBP: systolic blood pressure; DBP: diastolic blood pressure; NIHSS:
National Institutes of Health Stroke Scale; LAA: large artery atherosclerosis; CE: cardioembolism; SAO: small artery occlusion; SUC: stroke of
undetermined cause.

Table 2: Safety and efficacy of dual-antiplatelet therapy in patients with different stroke types.

Outcomes
LAA CE SAO SUC

SAT
(n = 66)

DAPT
(n = 91)

P
value

SAT
(n = 15)

DAPT
(n = 15)

P
value

SAT
(n = 84)

DAPT
(n = 80)

P
value

SAT
(n = 47)

DAPT
(n = 44)

P
value

Efficacy

END 8 (12.1%) 16 (17.6%) 0.348 3 (20.0%) 0 (0%) 0.224 2 (2.4%) 7 (8.8%) 0.093 1 (2.1%) 6 (13.6%) 0.053

Safety

Hemorrhage
0.696 NA 0.236 1.000

Severe 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Moderate
0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Mild 3 (4.5%) 3 (3.3%) 0 (0%) 0 (0%) 0 (0%) 2 (2.5%) 1 (2.1%) 1 (2.2%)

SAT: single-antiplatelet therapy; DAPT: dual-antiplatelet therapy; LAA: large artery atherosclerosis; CE: cardioembolism; SAO: small artery occlusion; SUC:
stroke of undetermined cause; END: early neurological deterioration.
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4. Discussion

In the present study, we provided compelling evidence that
the combination of clopidogrel and aspirin increased the
rate of END in minor AIS patients with the SUC subtype,
which was also an indirect evidence that cryptogenic stroke
may be due to an embolic mechanism. We found that DAPT
did not significantly increase END in patients with minor
LAA and SAO, which was also another favorable evidence
for the application of DAPT in acute noncardioembolic minor
stroke. Thus, our study data supported the use of single-
antiplatelet therapy as a more reasonable approach for
patients with minor SUC before the etiology was identified.

POINT and CHANCE trails confirm that DAPT can
reduce the incidence of subsequent stroke for mild stroke
or high-risk TIA [1, 2]. The pathogenesis differs among the
subtypes of stroke, and the two randomized controlled stud-
ies do not further determine whether the DAPT is effective
for all subtypes. Therefore, we hypothesized that the efficacy
of DAPT might vary by TOAST subtypes. LAA is formed
mainly by lipid accumulation and inflammation in the great
arteries, and the growth of the lesion will progressively
narrow the vascular spaces, ultimately causing ischemia
and hypoxia in the brain tissue [12]. CE is attributed to
cardiac-derived thrombi, and anticoagulation is the main-
stay of current recommendations. Recent studies suggest
that SAO is due to vascular endothelial dysfunction and
blood-brain barrier disruption as a result of hypertension,
oxidative stress, aging, and other risk factors [13]. In the
SUC subtype, there are many causes of stroke, including par-
oxysmal atrial fibrillation, atrial cardiopathy, patent foramen
ovale, heart failure, and occult malignancy [14]. In the inter-
est of better diagnosis and treatment of cryptogenic stroke,
clinicians have developed the concept of embolic strokes of
undetermined source (ESUS) to study differences in antico-
agulant or antiplatelet therapy [15]. However, randomized
controlled trials found that rivaroxaban or dabigatran is
not superior to aspirin in preventing recurrence after ESUS
[16, 17], which suggests that there is no significant difference
between anticoagulation and antiplatelet therapy in ESUS. It
is also unknown whether DAPT is superior to monotherapy
in reducing recurrent stroke in cryptogenic mild stroke
patients. Our findings showed that DAPT increased neurol-
ogic deterioration in minor AIS patients with the SUC sub-
type, suggesting that monotherapy may be a better option
than either anticoagulation or DAPT for the SUC subtype.

Two randomized controlled trials show that early initia-
tion of DAPT reduces stroke recurrence in noncardiac minor
stroke, whereas our study was the first to find that DAPT may
increase END in SUC stroke. The finding that aspirin plus
cilostazol does not increase END in SUC stroke is not consis-
tent with our study [18]. This may be because the safety profile
of cilostazol is higher than that of clopidogrel [19]. In addition,
the previous study was within 48 hours of onset, whereas our
study was within 24 hours. Patients are more likely to have a
progressive stroke early, so stroke progression from 24 to 48
hours after admission was not included, which may have
affected the results. Besides, the underlying mechanism is
related to thromboembolism, and antiplatelet therapy may

be effective [20, 21]. However, the embolic source in SUC
stroke may be cardiac, carcinogenic, or otherwise. Compared
with other stroke subtypes, patients with SUC have the lowest
incidence of END [22]. Increased D-dimer levels are a risk fac-
tor for END in cancer-positive patients with SUC stroke [23].
The cancer-positive patients with SUC stroke present poor
outcomes, including 42% END and 38% bleeding complica-
tions despite anticoagulation [24]. In addition, two prospective
studies fail to demonstrate the superiority of direct oral antico-
agulation over aspirin in patients with ESUS [16, 17]. Simi-
larly, according to our results, antiplatelet monotherapy may
be superior to DAPT to reduce the risk of bleeding.

Several studies have explored specific subtypes to com-
pensate for the limitations of POINT and CHANCE trials
to perform subgroup analyses. Clopidogrel and aspirin may
be associated with a lower risk of recurrent stroke and death
in the first year after stroke compared with aspirin alone in
patients with AIS with symptomatic LAA, mainly due to a
reduction in all-cause mortality [25]. Our results showed
that DAPT did not increase the risk of END, further indicat-
ing that the use of DAPT was safe and effective in minor
LAA stroke, which is consistent with a previous study [18].
A retrospective study demonstrates that DAPT is associated
with a reduced risk of END in lacunar stroke [26]. More-
over, DAPT can improve outcomes after END in lacunar
strokes in which the infarct region is located in the internal
or basal ganglia [5]. In this study, DAPT did not decrease
the risk of END in minor SAO stroke. This may be because
some of the patients in the previous study had an NIHSS
score of more than 3, greater dosage, and ethnic differences.

The safety of dual-antiplatelet therapy has been a major
concern for clinicians. POINT and CHANCE trails indicate
that DAPT for 7 days does not increase the risk of hemor-
rhage. Our study further showed that the use of DAPT does
not increase any risk of bleeding in different stroke subtypes.
Compared with antiplatelet therapy alone, DAPT is not
related to an increased risk of hemorrhage in patients with
nonminor ischemic stroke [27]. Thus, all of the above stud-
ies have shown that DAPT is safe.

Our study still had some limitations. Firstly, it is a retro-
spective, single-center clinical study, whichmeans that our data
reliability and representativeness are not as good as prospec-
tive, multicenter studies. Our hospital has established a cere-
brovascular disease database and assigned some dedicated
individuals to fill in the database, which can minimize these
shortcomings as much as possible. Secondly, after calculating
the sample size through power analysis and sample size (PASS)
software, we found that to achieve a 10% change in the
preassumed END incidence rate, at least 263 cases are needed
in each group. This also led to the observation that dual-
antiplatelet therapy in the SUC group did not result in a signif-
icant difference in the incidence rate of END (P = 0 053).
Therefore, a larger sample size may be recommended for future
studies. Lastly, we excluded other antiplatelet drugs such as clo-
pidogrel and ticagrelor, which may limit the generalizability of
our study conclusions. In the future, dual-antiplatelet combina-
tions recommended by guidelines can be included in research
and compared to evaluate the differences in the incidence of
END among different combinations.

5Acta Neurologica Scandinavica



5. Conclusions

Our study findings suggest that DAPT with clopidogrel and
aspirin increases the rate of short-term neurological worsen-
ing in minor AIS patients with the SUC subtype, rather than
LAA, CE, and SAO. Thus, clinicians taking early DAPT may
be more cautious in strokes of unknown cause.

Data Availability

The raw data used for this study can be provided by the
corresponding author upon a reasonable request.

Ethical Approval

The institutional review board of the First Affiliated Hospital
of Jinan University approved this study protocol (protocol
code KY-2022-183; date of approval: 27 Oct 2022).

Consent

Due to the retrospective nature of the study and the ano-
nymity of the data, informed consent was waived.

Conflicts of Interest

The authors report no conflict of interest.

Authors’ Contributions

Bingdong Xu, Xiufeng Xin, Anding Xu, and Yusheng Zhang
designed this study. Bingdong Xu and Xiufeng Xin collected
and analyzed the data. Anding Xu and Yusheng Zhang
checked and confirmed the results of the data analysis. Bing-
dong Xu and Yan Ding drafted the manuscript, and all other
authors critically reviewed it. All authors approved the final
version of the manuscript. Bingdong Xu and Xiufeng Xin
contributed equally to this work.

Acknowledgments

This research was supported by a research grant from Xinlitai
Pharmaceutical Industry. This study was supported by the
Natural Science Foundation of Guangdong Province, China
(No. 2020A1515011249); the Fundamental Research Funds
for the Central Universities of China (No. 21620406), and
the Science and Technology Program of Guangzhou, China
(No. 2023A03J0577).

References

[1] Y. Wang, Y. Wang, X. Zhao et al., “Clopidogrel with aspirin in
acute minor stroke or transient ischemic attack,” The New
England Journal of Medicine, vol. 369, no. 1, pp. 11–19, 2013.

[2] S. C. Johnston, J. D. Easton, M. Farrant et al., “Clopidogrel and
aspirin in acute ischemic stroke and high-risk TIA,” The New
England Journal of Medicine, vol. 379, no. 3, pp. 215–225, 2018.

[3] S. C. Johnston, P. Amarenco, H. Denison et al., “Ticagrelor and
aspirin or aspirin alone in acute ischemic stroke or TIA,” The
New England Journal of Medicine, vol. 383, no. 3, pp. 207–
217, 2020.

[4] F. Mele, C. Gendarini, and L. Pantoni, “The use of dual anti-
platelet therapy for ischemic cerebrovascular events,” Neuro-
logical Sciences, vol. 44, no. 1, pp. 37–43, 2023.

[5] A. Berberich, C. Schneider, C. Herweh et al., “Risk factors asso-
ciated with progressive lacunar strokes and benefit from dual
antiplatelet therapy,” European Journal of Neurology, vol. 27,
no. 5, pp. 817–824, 2020.

[6] P. Gong, Y. Liu, Y. Gong et al., “The association of neutrophil
to lymphocyte ratio, platelet to lymphocyte ratio, and lympho-
cyte to monocyte ratio with post-thrombolysis early neurolog-
ical outcomes in patients with acute ischemic stroke,” Journal
of Neuroinflammation, vol. 18, no. 1, p. 51, 2021.

[7] K. W. Nam, H. M. Kwon, and Y. S. Lee, “Different predictive
factors for early neurological deterioration based on the loca-
tion of single subcortical infarction: early prognosis in single
subcortical infarction,” Stroke, vol. 52, no. 10, pp. 3191–3198,
2021.

[8] W. J. Powers, A. A. Rabinstein, T. Ackerson et al., “Guidelines
for the early management of patients with acute ischemic stroke:
2019 update to the 2018 guidelines for the early management of
acute ischemic stroke: a guideline for healthcare professionals
from the American Heart Association/American Stroke Associ-
ation,” Stroke, vol. 50, no. 12, pp. e344–e418, 2019.

[9] C. Z. Simonsen, M. L. Schmitz, M. H. Madsen et al., “Early
neurological deterioration after thrombolysis: clinical and
imaging predictors,” International Journal of Stroke, vol. 11,
no. 7, pp. 776–782, 2016.

[10] X. Yi, W. Chi, C. Wang, B. Zhang, and J. Lin, “Low-molecular-
weight heparin or dual antiplatelet therapy is more effective
than aspirin alone in preventing early neurological deteriora-
tion and improving the 6-month outcome in ischemic stroke
patients,” Journal of Clinical Neurology, vol. 11, no. 1, pp. 57–
65, 2015.

[11] H. C. Diener, J. D. Easton, R. G. Hart, S. Kasner, H. Kamel, and
G. Ntaios, “Review and update of the concept of embolic stroke
of undetermined source,” Nature Reviews. Neurology, vol. 18,
no. 8, pp. 455–465, 2022.

[12] J. L. M. Björkegren and A. J. Lusis, “Atherosclerosis: recent
developments,” Cell, vol. 185, no. 10, pp. 1630–1645, 2022.

[13] R. W. Regenhardt, A. S. Das, E. H. Lo, and L. R. Caplan,
“Advances in understanding the pathophysiology of lacunar
stroke: a review,” JAMA Neurology, vol. 75, no. 10, pp. 1273–
1281, 2018.

[14] C. Ibeh and M. S. V. Elkind, “Stroke prevention after crypto-
genic stroke,” Current Cardiology Reports, vol. 23, no. 12,
p. 174, 2021.

[15] R. G. Hart, H. C. Diener, S. B. Coutts et al., “Embolic strokes of
undetermined source: the case for a new clinical construct,”
Lancet Neurology, vol. 13, no. 4, pp. 429–438, 2014.

[16] R. G. Hart, M. Sharma, H. Mundl et al., “Rivaroxaban for
stroke prevention after embolic stroke of undetermined
source,” New England Journal of Medicine, vol. 378, no. 23,
pp. 2191–2201, 2018.

[17] H. C. Diener, R. L. Sacco, J. D. Easton et al., “Dabigatran for
prevention of stroke after embolic stroke of undetermined
source,” The New England Journal of Medicine, vol. 380,
no. 20, pp. 1906–1917, 2019.

[18] J. Aoki, Y. Iguchi, T. Urabe et al., “Cilostazol addition to aspi-
rin could not reduce the neurological deterioration in TOAST
subtypes: ADS post-hoc analysis,” Journal of Stroke and Cere-
brovascular Diseases, vol. 30, no. 2, article 105494, 2021.

6 Acta Neurologica Scandinavica



[19] H. Liu, T. Shao, T. Yang et al., “Comparison of cilostazol ver-
sus clopidogrel in addition to aspirin in patients with ischemic
stroke who underwent intracranial or extracranial artery stent
implantation,” Journal of Atherosclerosis and Thrombosis,
vol. 30, no. 8, pp. 1010–1021, 2023.

[20] X. Yi, Q. Zhou, C. Wang, J. Lin, and Z. Chai, “Aspirin plus clo-
pidogrel may reduce the risk of early neurologic deterioration
in ischemic stroke patients carrying CYP2C19∗2 reduced-
function alleles,” Journal of Neurology, vol. 265, no. 10,
pp. 2396–2403, 2018.

[21] N. Boulenoir, G. Turc, H. Henon et al., “Early neurological
deterioration following thrombolysis for minor stroke with
isolated internal carotid artery occlusion,” European Journal
of Neurology, vol. 28, no. 2, pp. 479–490, 2021.

[22] J. E. Siegler, A. Samai, E. Semmes, and S. Martin-Schild, “Early
neurologic deterioration after stroke depends on vascular
territory and stroke etiology,” Journal of Stroke, vol. 18, no. 2,
pp. 203–210, 2016.

[23] K. W. Nam, C. K. Kim, T. J. Kim et al., “D-dimer as a predictor
of early neurologic deterioration in cryptogenic stroke with
active cancer,” European Journal of Neurology, vol. 24, no. 1,
pp. 205–211, 2017.

[24] K.-W. Nam, C. K. Kim, T. J. Kim et al., “Treatment of crypto-
genic stroke with active cancer with a new oral anticoagulant,”
Journal of Stroke and Cerebrovascular Diseases, vol. 26, no. 12,
pp. 2976–2980, 2017.

[25] D. Kim, J. M. Park, K. Kang et al., “Dual versus mono antiplate-
let therapy in large atherosclerotic stroke,” Stroke, vol. 50, no. 5,
pp. 1184–1192, 2019.

[26] J. Vynckier, B. Maamari, L. Grunder et al., “Early neurologic
deterioration in lacunar stroke: clinical and imaging predictors
and association with long-term outcome,” Neurology, vol. 97,
no. 14, pp. e1437–e1446, 2021.

[27] O. Khazaal, A. Rothstein, M. R. Husain et al., “Dual-antiplate-
let therapy may not be associated with an increased risk of in-
hospital bleeding in patients with moderate or severe ischemic
stroke,” Frontiers in Neurology, vol. 12, p. 728111, 2021.

7Acta Neurologica Scandinavica


	Effect of Dual- versus Single-Antiplatelet Therapy on Early Neurological Deterioration in Minor Stroke of Undetermined Cause
	1. Introduction
	2. Methods
	2.1. Subjects
	2.2. Clinical Assessment
	2.3. Efficacy and Safety of DAPT
	2.4. Statistical Analysis

	3. Results
	3.1. Baseline Results
	3.2. Efficacy and Safety of DAPT in Each TOAST Subtype
	3.3. Risk Factors Associated with END

	4. Discussion
	5. Conclusions
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



