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ARTICLE INFO ABSTRACT
Keywords: Background: The influence of antiplatelet drugs on the risk of hemorrhagic stroke and the
Stroke reduction of ischemic stroke in patients with intracerebral hemorrhage (ICH) remains unclear.

Intracerebral hemorrhage
Ischemic stroke
Hemorrhagic stroke

This study aimed to elucidate the impact of antiplatelet therapy on the risk of recurrent stroke in
ICH patients.
Methods: The study encompassed ICH survivors discharged from a central Taiwanese teaching

gzttgl:::m hospital between January 1, 2013, and December 31, 2019. Patient hospitalization and treatment
Risk factors data were retrieved from electronic medical records. The primary endpoint was re-hospitalization
Diabetes mellitus due to ischemic or hemorrhagic stroke. Patients who continued antiplatelet drug use for over a
Hypertension month prior to stroke recurrence constituted the antiplatelet drug use group. Risk factors for

recurrent hemorrhagic and ischemic strokes were evaluated using binary logistic regression.
Results: The study incorporated 407 ICH patients, each monitored for 4 years post-stroke.
Recurrent stroke incidence showed no significant disparity between hemorrhagic and ischemic
strokes. Hemorrhagic stroke recurrence stood at 5.16 % (21/407), and ischemic stroke recurrence
was 4.42 % (18/407). In the non-antiplatelet group, hemorrhagic and ischemic stroke rates were
5.48 % (20/365) and 3.56 % (13/365) respectively. In the antiplatelet group, the rates were 2.38
% (1/42) for hemorrhagic and 11.9 % (5/42) for ischemic stroke, with a significantly higher
ischemic stroke rate (p = 0.03). Hypertension emerged as a risk factor for recurrent hemorrhagic
stroke, while diabetes mellitus was identified as a risk factor for ischemic stroke. Antiplatelet drug
use did not escalate the risk of recurrent ICH.

Conclusion: Diabetes mellitus and hypertension are risk factors for recurrent ischemic and hem-
orrhagic strokes respectively in ICH patients. Antiplatelet therapy does not appear to elevate the
risk of recurrent hemorrhagic stroke in these patients.

1. Introduction

Hemorrhagic stroke represents 10%-20 % of stroke cases and 60%-70 % of hemorrhagic strokes are caused by ICH [1-3]Its global
burden is on the rise, due to a decline in the mortality rate from intracranial hemorrhage, and an increase in survivors post hemor-
rhagic stroke [4]. Hypertension, a personal history of ischemic stroke, a family history of ICH, low cholesterol level, and the use of
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warfarin have been identified as risk factors for intracranial hemorrhage [5-8]. Post hemorrhagic stroke outcomes include mortality,
functional impairment, diminished quality of life, recurrent ICH, ischemic stroke, cognitive impairment, psychiatric diseases, and
epilepsy [9,10]. The annual stroke recurrence rate following Intracerebral Hemorrhage (ICH) is estimated at 3%-10 % [11-13].
Notably, patients with ICH exhibit a 3.1 hazard ratio, indicating a heightened risk of ischemic stroke, compared to individuals without
stroke [14].

The types of recurrent stroke in ICH patients have been the subject of inconsistent reports. Studies have indicated that ICH patients
face a higher risk of subsequent hemorrhage stroke compared to those with ischemic stroke [15,16]. Prior research has shown that
patients with deep ICH are more prone to subsequent ischemic stroke than those with hemorrhagic stroke, while patients with lobar
hemorrhage have an increased risk of recurrent hemorrhagic stroke [13]. However, certain studies have reported no significant dif-
ference in the type of recurrent stroke between patients with lobar hemorrhage and deep hemorrhage stroke [11,17].

Blood pressure management in ICH patients is vital in preventing recurrent hemorrhagic strokes. Hypertension is a recognized risk
factor for recurrent ICH [18]. Effective blood pressure control in intracranial hemorrhage patients is essential for preventing recurrent
cerebral hemorrhage, with improper control increasing the likelihood of ICH recurrence [19]. As per the ICH management guidelines,
blood pressure control is recommended immediately post ICH onset for all patients, to prevent recurrence [20].

ICH patients often present with risk factors for ischemic stroke or cardiovascular disease and may have been on antiplatelet drugs
prior to intracranial hemorrhage. Some studies have shown no increased risk in ICH recurrence, bleeding volume, or major vascular
events in ICH patients treated with antiplatelet agents [21-24]. Conversely, other studies have suggested that antiplatelet drugs may
heighten the risk of ICH recurrence and influence patient prognosis, particularly in those with lobar hemorrhage [19,25,26]. Given
that subsequent ischemic stroke and myocardial infarction are more prevalent in hemorrhagic stroke patients, antiplatelet therapy is

Patients with intracerebral
hemorrhage (859)

Exclusion:
1. Died during hospitalization (119).
2. Died within 1 year after stroke (91).
3. Loss follow-up within 1 year after stroke
(196).
4. Hemorrhagic infarct(37)

5. Brain tumor (9)

407 patients
Followed up > 3 years

Antiplatelet group No antiplatelet group
N=42 N=365
Ischemic Hemorrhagic Ischemic Hemorrhagic
stroke stroke stroke stroke
N=5 N=1 N=13 N =20

Fig. 1. Flowchart of patient enrollment, follow-up, and outcomes.
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advised [27].

Recurrent strokes can amplify mortality rates and impede daily activities and function. The risk factors for recurrence of both
ischemic and hemorrhagic stroke remain contentious. Similarly, the efficacy of antiplatelet agents in preventing stroke recurrence is
yet to be definitively proven. As such, this study aims to ascertain the role of antiplatelet agents in stroke prevention and explore the
risk factors for recurrent ischemic or hemorrhagic stroke in ICH patients.

2. Methods
2.1. Data sources and ethical approval

This study enrolled patients admitted with Intracerebral Hemorrhage (ICH) between January 1, 2013, and December 31, 2019,
from a teaching hospital in central Taiwan. We conducted a comprehensive review of patients’ medical records, including de-
mographics, vascular risk factors, and care from stroke onset to 4 years post-stroke based on electronic medical records. A brain
Computed Tomography scan was performed on each patient. Exclusions were patients without stroke recurrence and those lost to
follow-up within 1 year after onset.

The study received approval from the Institutional Review Board (IRB) of Ditmanson Medical Foundation Chiayi Christian Hos-
pital, Taiwan (CYCH-IRB: 2020131). The IRB waived the requirement for informed consent, given the study’s retrospective nature.

2.2. Study participants and definitions

Hemorrhagic stroke is characterized as a swift development of neurological deficit attributable to a focal collection of blood within
the brain parenchyma or ventricular system (ICH) or subarachnoid bleeding (subarachnoid hemorrhage) of non-traumatic origin [24].
All hospitalized patients diagnosed with ICH were considered for the study. The antiplatelet drug use group comprised patients who
consistently used antiplatelet drugs for over 1 month before stroke recurrence and maintained their use throughout the study period.
Patients who were tracked for over 3 years without subsequent hospitalization were deemed as having no stroke recurrence. The
exclusion criteria include: 1) Patients under the age of 20; 2) Those with a history of hemorrhagic stroke; 3) Patients who died within 1
month post-stroke onset; 4) Patient loss to follow-up within 1 year post-stroke onset; 5) Ischemic stroke with hemorrhagic trans-
formation; 6) Brain tumor hemorrhage (Fig. 1).

2.3. Outcome measures
The primary endpoint of this study was the onset of a new hemorrhagic or ischemic stroke.
2.4. Statistical analysis

The study compared stroke recurrence rates in patients receiving antiplatelet drugs with those not on such treatment. Baseline
characteristics of patients as categorical variables (age, sex, diabetes mellitus, hypertension, atrial fibrillation, stroke history, cortex
involvement, operation, smoking, and antiplatelet use) were presented as percentages and examined using the chi-square test or
Fisher’s exact test. Continuous variables were expressed as (mean + standard deviation) and compared using the t-test. To assess
potential risk factors linked with recurrent ischemic or hemorrhagic strokes, binary logistic regression was employed, with p < 0.05

Recurrent stroke rate

100 91
90
80
70
60
50
40
30
20 11.9
10 5.5 3.5 24
0 — R
No antiplatelet (n=365) Antiplatelet (n=42)
B No stroke  H Hemorrhagic stroke Ischemic stroke

85.7

Fig. 2. Rates of recurrent strokes in patients who were (n = 42), and were not (n = 365), administered antiplatelet drugs.
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regarded as significant. After adjusting for confounding factors (age, sex, diabetes mellitus, hypertension, atrial fibrillation, stroke
history, cortex involvement, and antiplatelet use), the odds ratios, 95 % CIs, and p-values for recurrent stroke risk factors were
calculated using logistic regression analysis. All statistical analyses were conducted using SPSS statistical software (version 28.0; IBM
Corporation, Somers, NY, USA).

3. Results

Between 2013 and 2019, 407 patients were eligible for inclusion in this study. The process of patient enrollment is outlined in
Fig. 1.

Throughout the 4-year follow-up period, stroke recurrence was observed in 39 patients, resulting in an overall stroke recurrence
rate of 9.58 % (39/407). This included hemorrhagic stroke at 5.16 % (21/407) and ischemic stroke at 4.42 % (18/407). There was no
significant difference in the recurrence rates between hemorrhagic and ischemic strokes. Among patients not receiving antiplatelet
therapy, the rates of hemorrhagic and ischemic stroke were 5.48 % (20/365) and 3.56 % (13/365), respectively. In contrast, for those
on antiplatelet therapy, the rates of hemorrhagic and ischemic stroke were 2.38 % (1/42) and 11.9 % (5/42), respectively. Notably, the
ischemic stroke rate was significantly higher in the antiplatelet group (p = 0.03) (Fig. 2).

Patient characteristics are detailed in Table 1. Patients above the age of 60, with a history of diabetes and ischemic stroke, were
more likely to be prescribed antiplatelet therapy. Conversely, patients who underwent craniotomy or had a hematoma volume greater
than 30 cc were less likely to receive antiplatelet agents (Table 2). Univariate analysis demonstrated a correlation between cortex
involvement and a heightened risk of stroke recurrence. Multivariate logistic regression analysis revealed that diabetes was linked to
an elevated risk of subsequent ischemic stroke, while antiplatelet drugs did not elevate the risk of recurrent ischemic or hemorrhagic
strokes (Table 3). Interestingly, hypertension was correlated with an increased risk of recurrent hemorrhagic strokes (Table 4).

4. Discussion

The primary findings of this study are: 1) in patients with ICH, diabetes might heighten the risk of recurrent ischemic stroke; 2)
hypertension could elevate the risk of recurrent hemorrhagic stroke in patients with ICH; and 3) antiplatelet therapy does not seem to
influence the risk of recurrent ischemic or hemorrhagic stroke.

Previous studies have reported that the recurrence rate of hemorrhagic stroke in patients with ICH, followed for less than 3-5 years,
ranges between 6 % and 12 %, with an annual recurrence rate of 2—4 per person-year [13,15,16,28]. Our study, with a follow-up period
less than 5 years, observed a hemorrhagic stroke recurrence rate of 4.65 %, lower than rates reported by Hanger et al. and Vermeer
et al. These discrepancies could be attributed to variations in stroke type, hemorrhage location, and patient condition. Notably, studies
have shown that patients with lobar hemorrhages are at a higher risk of hemorrhage recurrence than those with deep hemorrhage [9,
12,13]. Vermeer’s study, which reported a higher rate of hemorrhagic stroke recurrence, had a larger proportion (55 %) of patients
with lobar hemorrhage [28].

In our study, the recurrence rate of ischemic stroke in patients not receiving antiplatelet drugs was 9.04 % (33/365), a rate higher
than that reported by Murthy et al. [13]. In a 5-year follow-up study, the cumulative recurrence rate of ischemic stroke was 9.8 % [17].
This discrepancy may be attributed to our study’s population being younger on average than those in Casolla et al.’s study (mean ages
of 62.2 years and 70 years, respectively). Additionally, our study found that patients with a history of hemorrhagic stroke faced a
higher risk of recurrent ischemic stroke. The Hazard Ratio for these patients was 3.1 [14].

Antiplatelet therapy is generally considered to decrease the risk of ischemic stroke and increase the risk of hemorrhagic stroke.
Nevertheless, many ICH patients possess risk factors for ischemic stroke or cardiovascular disease, necessitating the use of antiplatelet
drugs to prevent ischemic strokes or cardiac events. In our study, we found that antiplatelet therapy in patients with intracranial

Table 1

Characteristics of patients with intracerebral hemorrhage (n = 407).
Variables No recurrent stroke (n = 368) Recurrent stroke (n = 39) P# 95 % CI
Age
>60 210 (57.1 %) 27 (69.2 %)
<60 158 (42.9 %) 12 (30.8 %) 0.17 0.29-1.20
Sex (men) 245 (66.6 %) 25 (64.1 %) 0.85 0.45-1.78
Diabetes mellitus 115 (31.3 %) 18 (46.2 %) 0.07 0.96-3.67
Hypertension 329 (89.4 %) 32 (82.1 %) 0.18 0.22-1.31
Atrial fibrillation 14 (3.80 %) 4 (10.3 %) 0.08 0.92-9.25
Stroke history
Hemorrhage 49 (13.3 %) 8 (20.5 %)
Infarct 30 (8.2 %) 6 (15.4 %)
No 289 (78.5 %) 25 (64.1 %) 0.06
Cortex involvement 99 (26.9 %) 17 (43.6 %) 0.04 1.07-4.11
Operation 127 (34.5 %) 12 (30.8 %) 0.72 0.58-2.41
Smoking 113 (30.7 %) 13 (33.3 %) 0.71 0.55-2.27
Antiplatelet 36 (9.78 %) 6 (15.4 %) 0.27 0.65-4.27

CI: confidence interval, #. Chi-square or Fisher’s exact test.
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Table 2

Characteristics of patients who were (n = 42), and were not (n = 365), administered antiplatelet drugs.
Variables Without antiplatelet (n = 365) Antiplatelet (n = 42) P# 95 % CI
Age
>60 206 (56.4 %) 31 (73.8 %)
<60 159 (43.6 %) 11 (26.2 %) 0.03 0.22-0.94
Sex (men) 240 (65.8 %) 30 (71.4 %) 0.49 0.64-2.63
Diabetes mellitus 113 (30.9 %) 20 (47.6 %) 0.03 1.06-3.86
Hypertension 324 (88.8 %) 37 (88.1 %) 0.80 0.34-2.51
Atrial fibrillation 15 (4.10 %) 3(7.14 %) 0.41 0.49-6.47
Stroke history
Hemorrhage 34 (9.31 %) 2 (4.8 %)
Infarct 37 (10.1 %) 20 (47.69 %)
No 294 (80.6 %) 20 (47.67 %) <0.01
Cortex involvement 104 (28.5 %) 12 (28.6 %) 1.0 0.49-2.03
Operation 131 (35.9 %) 8(19.0 %) 0.04 1.07-5.29
Smoking 114 (31.2 %) 12 (28.6 %) 0.86 0.43-1.78
Alcohol 85 (23.3 %) 9 (21.4 %) 1.0 0.41-1.95
Volume
>30 cc 63 (17.3 %) 3(7.14 %)
<30 cc 302 (82.7 %) 39 (92.9 %) 0.12 0.11-1.23

CIL: confidence interval, #. Chi-square of Fisher’s exact test.

Table 3

Binary logistic regression results for patients who sustained recurrent ischemic stroke.
Variable Odds ratio 95 % CI P
Age <60 1.02 0.36-2.91 0.98
Sex M 3.57 0.96-13.33 0.06
Diabetes mellitus 3.76 1.39-10.21 0.009
Hypertension 2.08 0.24-18.03 0.51
Atrial fibrillation 4.15 0.97-17.78 0.06
Stroke history
Hemorrhage 2.95 0.94-9.21 0.06
Infarct 1.92 0.38-9.60 0.43
Cortex 1.28 0.47-3.50 0.64
Antiplatelet 1.51 0.43-5.26 0.53

CI: confidence interval.

Table 4

Binary logistic regression results for patients who sustained recurrent hemorrhagic strokes.
Variable Odds ratio 95 % CI P
Age <60 0.43 0.14-1.33 0.14
Sex M 0.42 0.16-1.11 0.08
Diabetes mellitus 0.76 0.25-2.32 0.63
Hypertension 0.3 0.10-0.92 0.03
Atrial fibrillation 0.67 0.07-6.53 0.73
Stroke history
Hemorrhage 0.43 0.05-3.65 0.44
Infarct 2.42 0.70-8.32 0.16
Cortex 2.52 1.00-0.03 0.06
Antiplatelet 0.65 0.08-5.61 0.70

CI: confidence interval.

hemorrhage did not escalate the risk of hemorrhagic stroke or affect the recurrence of ischemic stroke. This observation aligns with
previous studies, such as AL-Shahi et al., who found that the history of ischemic stroke, the site of cerebral hemorrhage, and the
number of cerebral microbleeds did not influence ICH recurrence [29]. Similarly, our study discovered that a prior history of ischemic
stroke and cortex involvement in hemorrhage did not affect the recurrence of hemorrhagic stroke.

Following ICH, recurrent ischemic and hemorrhagic strokes are common events, often leading to poorer outcomes and increased
mortality [9]. Preventing hemorrhagic stroke recurrence is essential, and blood pressure control can significantly mitigate the risk of
recurrent intracranial hemorrhage [30]. Given that recurrent ischemic strokes are more common than hemorrhagic strokes in patients
post intracerebral hemorrhage [9], preventing recurrent ischemic stroke is crucial for improving long-term outcomes. The decision to
prescribe antiplatelet or anticoagulant agents should consider the patient’s vascular risk factors, such as atrial fibrillation, dyslipi-
demia, diabetes, heart condition, etiology, and location of intracranial hemorrhage. While some studies have indicated that
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antiplatelet drugs might increase the risk of death, hematoma expansion, and surgery in patients with intracranial hemorrhage [31],
others like Spiegel et al. found that antiplatelet drugs did not impact the characteristics and prognosis of intracranial hemorrhage in
patients with primary ICH. However, when combined with anticoagulants, antiplatelet drugs could lead to an increase in intracranial
hemorrhage volume and poor functional prognosis [25]. Several studies have found that restarting antiplatelet therapy does not in-
fluence functional outcome in patients with ICH [27,29]. Similarly, our study discovered that antiplatelet drugs did not elevate the risk
of recurrent hemorrhagic stroke or affect ischemic stroke recurrence.

We found hypertension to be associated with an increased risk of recurrent hemorrhagic stroke, a finding that appears to be
particularly relevant for the small proportion of ICH patients without hypertension, as most patients with hemorrhagic stroke have
hypertension. Therefore, aggressive measures to control blood pressure should be encouraged to minimize recurrent hemorrhagic
strokes.

Our study was conducted at a teaching hospital, and we included data regarding stroke location, hemorrhage volume, and surgical
history. Our results indicate that hypertension is a risk factor for recurrent intracranial hemorrhage, and diabetes mellitus is a risk
factor for recurrent ischemic stroke. Antiplatelet drugs did not increase the risk of intracranial hemorrhage and did not affect ischemic
stroke recurrence. Despite these strengths, our study also had several limitations: 1) This was a retrospective study rather than a
randomized one. 2) The pathophysiology of intracranial hemorrhage is not entirely clear. 3) Most patients receiving antiplatelet
therapy had small hematoma volumes. 4) This was a single-center study with a relatively small sample size. 5) We do not have patient
blood pressure and blood sugar data. Therefore, further investigation is warranted to confirm whether antiplatelet therapy does not
increase the risk of hemorrhagic stroke in patients with ICH due to the small number of patients in our study.

In conclusion, hypertension is a risk factor for the recurrence of hemorrhagic stroke, and diabetes augments the risk of ischemic
stroke recurrence in patients with intracranial hemorrhage. Antiplatelet drugs do not appear to increase the risk of recurrent hem-
orrhagic strokes in ICH patients.
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