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Abstract

Background Large-vessel ischemic stroke represents about 25-40% of all ischemic strokes. Few clinical trials compared
ticagrelor versus clopidogrel in ischemic stroke patients; all these studies included only patients with a transient ischemic
attack or minor stroke; moreover, none of these studies included patients from North Africa.

Objectives We aimed to compare ticagrelor versus clopidogrel in the first-ever large-vessel occlusion (LVO) acute ischemic
stroke in Egypt.

Methods Our trial involved 580 first-ever LVO ischemic stroke patients who were randomly assigned to administer loading
and maintenance doses of ticagrelor or clopidogrel. Screening, randomization, and start of treatment occurred during the
first 24 hours of the stroke.

Results 580 patients were included in the intention-to-treat analysis. Thirty patients in the ticagrelor group and 49 patients in
the clopidogrel group experienced a new ischemic or hemorrhagic stroke at 90 days (hazard ratio [HR] 0.61; 95% confidence
interval [CI] 0.38-0.98; p-value = 0.04), 36 patients in the ticagrelor group, and 57 in the clopidogrel group experienced
composite of a new stroke, myocardial infarction, or death due to vascular insults (HR 0.56; 95% CI 0.37-0.87; p = 0.009).
Patients who received ticagrelor had better clinical outcomes regarding National Institutes of Health Stroke Scale (NIHSS)
reduction and a favorable modified Rankin scale (mRS) score. There were no differences between ticagrelor and clopidogrel
regarding hemorrhagic and non-hemorrhagic complications.

Conclusion Patients with acute large-vessel ischemic stroke who received ticagrelor within the first 24 hours after ischemic
stroke had better clinical outcomes based on recurrent stroke rates, NIHSS reduction, and favorable mRS rates compared
with those who received clopidogrel. There were no differences between ticagrelor and clopidogrel regarding hemorrhagic
and non-hemorrhagic complications.

Trial Registration Clinical trials.gov (NCT06120725).

1 Introduction
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about 25-40% of all ischemic strokes, and it raises the
mortality risk by more than double when compared with
non-LVO stroke [1, 2]. The term LVO is used when there
is a blockage of the intracranial part of the internal carotid
artery, proximal middle cerebral arteries, intracranial verte-
bral artery (VA), and basilar artery (BA) [3].

Clopidogrel works by irreversibly blocking the binding
of adenosine diphosphate to its platelet P2Y12 receptor
and activating the glycoprotein IIb/IIla complex, prevent-
ing platelets from sticking together in acute ischemic events
[4]. Ticagrelor is a reversible P2Y 12 receptor antagonist,
metabolized primarily via the cytochrome P-450 (CYP3A4)
enzyme, that inhibits platelet activation and aggregation
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irrespective of CYP2C19 genotypes [5, 6]. Subgroup analy-
sis of many trials such as the CHANCE, CHARISMA and
MATCH trials did not support combination therapy over
single antiplatelet therapy in large-vessel stroke [7-9].

Few clinical trials compared ticagrelor versus clopidogrel
in ischemic stroke patients; all these studies included only
patients with a transient ischemic attack or minor stroke;
moreover, none of these studies included patients from
North Africa [10, 11]. We aimed in our study to compare
ticagrelor versus clopidogrel in a first-ever trial for LVO
moderate or moderate-to-severe ischemic stroke in Egypt.

2 Methods
2.1 Trial Design

After receiving approval from the ethics council of the
Faculty of Medicine at Kafr el-Sheikh University, we exe-
cuted our single-blinded, randomized controlled study and
screened all patients presenting with their first-ever LVO
ischemic stroke who sought medical advice in Kafr-Elsheikh
Hospital and Nasr City Insurance Hospital during the period
from July 1, 2022 to November 1, 2023. The last patient
was enrolled in our study on July 15, 2023; we followed
up patients for 90 days after stroke onset. In a one-to-one
ratio, 580 first-ever LVO stroke participants were randomly
assigned to receive loading and maintenance doses of tica-
grelor or clopidogrel.

2.2 Participants

We had two parallel groups. The (A) group included 290
patients who received a 180-mg loading dose of ticagrelor
during the first 24 hours following stroke onset, followed
by 90 mg twice daily from day 2 to day 90. The (B) group
included 290 patients who received a 300-mg loading dose
of clopidogrel followed by 75 mg once daily from the Day
2 to Day 90).

2.3 Eligibility Criteria

We enrolled males and females aged 1875 years with their
first-ever large-vessel arterial ischemic stroke. Large-ves-
sel stroke was defined according to the Trial of Org 10172
in Acute Stroke Treatment (TOAST) classification when
patients had clinical and brain imaging findings of >50%
stenosis or occlusion of at least one of the following arterial
segments on computed tomography angiography (CTA) or
magnetic resonance angiography (MRA) if CTA was con-
traindicated: intracranial portion of internal carotid arter-
ies, middle cerebral arteries (M1/M2), intracranial portion
of vertebral arteries, and basilar artery, and patients had
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cortical or cerebellar lesions and brain stem or subcortical
hemispheric infarcts > 1.5 cm in diameter on CT or MRI,
and there were no potential sources of cardiogenic embolism
[12].

We did not exclude patients with previous transient
ischemic attack (TIA). All patients were ineligible for
recombinant tissue plasminogen activator (rt-PA) therapy
or thrombectomy to avoid clouding safety assessment [13].

We excluded patients with allergies to any of the studied
drugs or who suffered from clinical seizures as a part of
their stroke, those with major organ failure, malignancies, or
myocardial infarction during the past 6 weeks, and patients
who took regular antiplatelets or anticoagulants in the previ-
ous week to avoid clouding our drug safety assessment [13].

We excluded patients with a minor stroke (National Insti-
tutes of Health Stroke Scale [NIHSS] < 3) or severe stroke
(NIHSS > 25), patients who had spontaneous resolution of
symptoms before imaging, and patients with history of a
CNS disorder (e.g., multiple sclerosis, epilepsy, meningi-
oma). Patients were also not eligible if carotid, cerebrovas-
cular, or coronary revascularization was planned, requiring
halting study treatment within 7 days after randomization.

Patients who experienced a cardioembolic stroke either
prior to or post-treatment were not included in our study.
Cardio-embolic strokes were diagnosed when the patient
exhibited a potential cardiac source of embolus such as
mechanical cardiac valves, atrial fibrillation (AF), mitral
valve prolapse, aortic valve stenosis or calcification, and
patent foramen ovale [14]. Patients were diagnosed with
clinical AF based on the presence of a conventional 12-lead
electrocardiography (ECG) recording that exhibited a mini-
mum of 30 seconds of cardiac rhythm, showing the absence
of identifiable recurring P waves and irregular RR intervals
(when atrioventricular conduction is not impaired) [15].

We excluded patients with a source of gastrointestinal
bleeding such as peptic ulcers, patients with recurrent stroke
based on appropriate clinical history, examination, and/or
MRI brain findings, and those who had a blood glucose level
< 50 or > 400 mg/dL or platelet count < 100,000 or inter-
national normalized ratio > 1.4 or prothrombin time > 18.

We excluded patients who were regular users of drugs
that affected clopidogrel metabolism, such as proton pump
inhibitors, ketoconazole, dihydropyridine calcium channel
blockers, and rifampin [16]. We also excluded pregnant
or lactating females, patients with venous infarction, and
ischemic infarction secondary to hypo-perfusion.

2.4 Interventions

We evaluated all patients with their first-ever large-vessel
ischemic stroke who presented to Kafr-Elsheikh Hospital
and Nasr City Insurance Hospital in the period from Sep-
tember 1, 2021 to September 1, 2023, recording detailed
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personal history, risk factors assessment, and the onset of
stroke. Every patient screened for eligibility had a 12-lead
routine ECG and transthoracic echocardiography (TTE) to
detect atrial fibrillation and valvular heart diseases before
enrolment in the study.

Baseline laboratory examinations (including lipid pro-
files, liver functions, coagulation profiles, complete blood
counts, and fasting and postprandial blood glucose levels and
HbA1C), carotid duplex imaging, and continuous cardiac
rhythm monitoring for 1 day were performed for all patients
after enrolment. Blood pressure was also assessed, and we
diagnosed hypertension when systolic blood pressure was >
130 mmHg and/or diastolic blood pressure was > 85 mm/Hg
on at least three different occasions [17].

We diagnosed diabetes mellitus when the fasting plasma
glucose level was > 126 mg/dL and/or casual plasma glu-
cose was > 200 mg/dL, and/or HbA1C was > 6.5 [17], and
we diagnosed admission hyperglycemia when the admission
blood glucose value was > 140 mg/dL [18]. Regarding man-
aging hyperglycemia, we aimed to maintain blood glucose
levels below 140 mg/dL and 180 mg/dL. We withheld all
usual antidiabetic treatments and used periodic subcutane-
ous regular insulin injections, adjusted according to blood
glucose levels. Patients received rapid-acting insulins imme-
diately after meals based on the amount of carbohydrates
consumed. Four units of rapid-acting analog insulin were
used for standard meals containing 60 g of carbohydrates,
and the blood glucose level was followed up every 3 hours.
If the blood glucose concentration did not reach the target
at 24 and 48 hours, the subcutaneous insulin dose, including
long-acting basal insulin, was increased [19].

We diagnosed hyperlipidemia when blood cholesterol was
>200 mg/dL, triglycerides were >150 mg/dL, low-density
lipoprotein cholesterol (LDL-C) was >100 mg/dL and/or
high-density lipoprotein cholesterol (HDL-C) was <40 mg/
dL [20]. Regarding the management of hyperlipidemia,
patients received rosuvastatin 20 mg daily and ezetimibe
10 mg to achieve LDL-C <70 mg/dL. We chose rosuvastatin
as, among the statins, simvastatin, lovastatin, and atorvas-
tatin are metabolized by cytochrome P450 3A4 (CYP3A4),
fluvastatin is metabolized by CYP2C9, while rosuvastatin
undergoes little metabolism and has limited drug—drug inter-
action with clopidogrel [21]. After 4-12 weeks of starting
anti-hyperlipidemia agents, we performed a follow-up fast-
ing lipid profile [22].

Every patient underwent brain CT and brain MRI using
the following stroke protocol: T1W, T2W, fluid-attenuated
inversion recovery (FLAIR), diffusion weighted imag-
ing (DWI), T2 gradient-echo, CTA, or MRA (if CTA was
contraindicated), from the aortic arch through the circle of
Willis. Two neuroradiologists blinded to treatment reviewed
CT and MRI source images. Cerebrovascular vessels were
divided into segments: supra-clinoid internal carotid artery,

first-division middle cerebral artery (M1), second-division
middle cerebral artery (M2), basilar artery (BA), and intrac-
ranial vertebral artery (VA). A neuroradiologist determined
whether any of these vascular segments were occluded. If
there was no vascular occlusion, the patient was documented
as having no large vessel occlusion. If one or more vascu-
lar segments were occluded and the patient was ineligible
for thrombectomy or arterial stenting, the case history and
NIHSS score were reviewed; if the vascular occlusion was
in the appropriate territory to account for the clinical find-
ings, the case was judged as having a large-vessel occlusion.

Our study follow-up was via telephone calls twice per
week and a face-to-face interview in the outpatient clinic
once per month, and continued for 3 months. If any of our
patients complained of symptoms suggesting recurrent
stroke in the follow-up calls, they were advised to go to the
hospital.

2.5 Outcomes
2.5.1 Primary Outcomes

The primary efficacy outcome was a new stroke event
(ischemic or hemorrhagic) at 90 days in each group [7],
while the primary safety outcome was the rate of hemor-
rhagic complications evaluated using the PLATO bleeding
definition, which classified hemorrhagic complications into
three types: major, minor, and minimal bleeding [23].

Hemorrhagic infarction was detected using a follow-up
CT brain scan after 2 days and after 1 week or discharge;
additionally, the European Cooperative Acute Stroke Study
(ECASS) classification [24] was used to detect the type of
hemorrhagic infarction.

2.5.2 Secondary Outcomes

The secondary efficacy outcomes were the rates of patients
who achieved a significant reduction in NIHSS (decrease of
four points or more) [25] on the day 7 or discharge, the rates
of favorable outcome with modified Rankin scale (mRS) of
0-2 [26] after 1 week and 90 days, and rates of a composite
of new stroke, myocardial infarction and death due to vascu-
lar events during the follow-up period. The secondary safety
outcomes were the rate of treatment-related adverse effects
assessed by a follow-up questionnaire and the rate of death
due to vascular or non-vascular causes in each group.

2.6 Sample Size
After using Power Analysis & Sample Size System (PASS,
V12, NCSS), we determined that a total of 524 large-vessel

ischemic stroke patients would provide 80% power to detect
a relative risk reduction of 35% in new ischemic stroke
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(primary outcome) in the ticagrelor group as compared with
the clopidogrel group, with a final two-sided significance
level of 95% and alpha error of 5%, assuming an incidence
of new ischemic stroke of 13.6% [27] in the clopidogrel
group and an overall dropout rate of 5%. The final size of
our trial was 580 patients, 290 patients in each group.

2.7 Randomization and Blinding

Before assigning patients to a group, we collected written
informed consent from them or their next of kin.

Our study was single-blinded to the investigators; an inde-
pendent statistician generated a computer-generated rand-
omization chart with a block size of four in a one-to-one
ratio, and participants were randomly assigned to receive
either ticagrelor or clopidogrel by a specially trained and
qualified nurse. None of the investigators included in the
study knew the patients’ assignments. We prepared 580
labels denoting either Drug A or Drug B. According to
the randomization chart, these were placed into sequen-
tially numbered opaque sealed envelopes numbered 1-580.
Patients were given enrolment numbers starting from 1.
Envelopes carrying the same number as the patient enrol-
ment number were attached to the corresponding file. Once
opened, the patients were assigned to receive Drug A or
Drug B. Drug A comprised ticagrelor pills and Drug B
comprised clopidogrel pills. The statistical analysis was
performed by an independent statistician who did not know
which treatment protocol was assigned for groups A and
B. The follow-up calls were made by a specially trained
and qualified nurse who was in contact with a neurology
consultant; a consultant neurologist and a specially trained
nurse conducted the follow-up interviews. All patients were
asked not to tell the physician about their treatment. We did
not use a placebo in our trial due to a lack of funding and
financial support.

2.8 Statistical Analysis of the Data

We used the IBM SPSS software package, version 20.0
(IBM Corp., Armonk, NY, USA), to analyze our data and
based all efficacy and safety analyses on the intention-to-
treat principle. Both the primary and secondary outcomes
underwent separate statistical analyses. Depending on their
distribution, as determined by the Shapiro—Wilk test, we
described numerical data as mean and standard deviation
(SD) or median and interquartile range (IQR). We also
reported categorical data using numbers and percentages.
The Mann—Whitney U test was used to compare the irregu-
larly distributed numerical data, while Pearson’s Chi-square
was utilized to correlate categorical data. In our study, all the
data were included. All statistical analyses were two-sided,
and differences with a p value of <0.05 were considered
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statistically significant. To avoid type 1 statistical errors in
the analysis of secondary efficacy outcomes, we used cor-
rection for multiple comparisons, and secondary efficacy
outcomes differences with an adjusted p value of < 0.0125
were considered statistically significant. Survival analysis
was performed using the Kaplan Meier test and log-rank
method to study the effect of the antiplatelet on the incidence
of outcomes during the 3-month follow-up period. The Cox
regression method obtained the hazard ratio (HR) at a 95%
confidence interval (CI). An HR is considered significant
when it does not fall between the lower and upper CI.

3 Results

We evaluated 950 patients to assess their eligibility to be
included in our trial; 370 patients were excluded from the
randomization, of which 66 patients were regularly using
oral anticoagulants, 28 patients had received endovascular
thrombectomy, 21 patients had renal failure, 57 patients had
platelet count < 100,000, 73 patients had NIHSS < 3, 49
patients had NIHSS > 25, 28 patients did not have large
vessel occlusion on CTA, and 48 patients declined to par-
ticipate. Five hundred and eighty patients (352 males, 228
females) were randomly assigned in a one-to-one ratio to
receive either ticagrelor or clopidogrel; 553 patients com-
pleted the 3-month study duration (Fig. 1).

We found no statistically significant differences between
the characteristics of the two groups (Table 1).

Thirty patients (10.3%) in the ticagrelor arm and 49
patients (16.9%) in the clopidogrel group experienced a new
ischemic or hemorrhagic stroke at 90 days (HR 0.61; 95% CI
0.38-0.98; p = 0.04) (Table 2, Fig. 2). Eighty-nine (30.7%)
patients in the ticagrelor group and 61 (21%) patients in the
clopidogrel group showed a significant reduction in NIHSS
after 1 week (HR 0.59; 95% CI 0.41-0.86; p = 0.008);
86 (29.7%) patients in the ticagrelor group and 58 (20%)
patients in the clopidogrel group experienced favorable mRS
scores after 1 week (HR 0.60; 95% CI 0.42-0.87; p = 0.007);
99 (34.1%) patients in the ticagrelor group and 70 (24.1%)
in the clopidogrel group experienced favorable mRS scores
after 3 months (HR 0.65; 95% CI 0.47-0.90; p = 0.008); and
36 (12.4%) patients in the ticagrelor group and 57 (19.7%)
patients in the clopidogrel group experienced composite of
recurrent ischemic or hemorrhagic stroke, MI, or death due
to vascular insults (HR 0.56; 95% CI 0.37-0.87; p = 0.009)
(Table 2).

In the ticagrelor arm, 22 (7.6%) patients had drug-related
hemorrhagic complications, of which nine patients had mini-
mal bleeding, three patients had minor bleeding, and ten
patients (3.4%) experienced major bleeding; on the other
hand, in the clopidogrel group, 15 (5.2%) patients had drug-
related hemorrhagic complications, of which four patients
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[ Screening ]

Assessed for eligibility (n=950)

370 patients were excluded from the randomization of which 66 patients were on regular use of oral anticoagulants, 28
patients received endovascular thrombectomy, 21 patients had renal failure, 57 patients had Platelet count < 100,000,
73 patients had NIHSS < 3, 49 patients had NIHSS = 25, 28 patients did not have large vessel occlusion on CTA, and 48
patients declined to participate.

Randomized (n=580)

Allocation ] l

290 patients allocated to ticagrelor 180 mg loading
dose then 90 mg /12 hours for 3 months

+290 patients allocated to clopidogrel 300 mg loading
dose then 75 mg daily for 3 months

[ Follow-Up ]

v

v

+14 (4.8%) had premature permanent drug
discontinuation
11 patients had hemorrhagic complications
1 patient decided to stop treatment
2 patients had atrial fibrillation

#13 (4.5%) had premature permanent drug
discontinuation
10 patients had hemorrhagic complications
1 patient decided to stop treatment
2 patients had atrial fibrillation

[ Analysis ]

v

#290 patients were included in the Intention-to-treat safety
and efficacy analysis

Fig. 1 Study flow diagram

had minimal bleeding, two patients had minor bleeding, and
nine patients (3.1%) experienced major bleeding (HR 0.80;
95% C10.41-1.55; p = 0.50) (Table 3, Fig. 3).

Ten patients (3.4%) in the ticagrelor group and nine
patients (3.1%) in the clopidogrel group had hemorrhagic
infarction (HR 0.77; 95% CI 0.31-1.90; p = 0.57); 35
(12.1%) in the ticagrelor group and 37 (12.8%) patients in
the clopidogrel group had drug-related non-hemorrhagic
side effects (HR 0.78; 95% CI 0.49-1.25; p = 0.31); and
four patients in the ticagrelor group and three patients in
the clopidogrel group died due to vascular and non-vascular

v

#290 patients were included in the Intention-to-treat safety
and efficacy analysis

complications (HR 0.50; 95% CI 0.10-2.60; p = 0.41)
(Table 3).

In our study, 404 patients had an anterior circulation
stroke, of whom 207 were assigned to the ticagrelor group
and 197 were assigned to the clopidogrel group, and 176 had
posterior circulation stroke, of whom 83 were assigned to
the ticagrelor group and 93 were assigned to the clopidogrel
group.

When we performed subgroup analysis of the efficacy
and safety outcomes according to the circulation affected by
ischemic stroke, we found the following results: in anterior
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Table 1 Baseline criteria of all participants

Character Ticagrelor group (n = 290) Clopidogrel group (n = 290) p value
Age [y], median (IQR) 60.0 (50.0-66.0) 61.0 (49.0-69.0) 0.32
Male, n (%) 182.0 (62.8) 170.0 (58.6) 0.31
Time until receiving treatment [h], median (IQR) 16.0 (15.0-18.0) 16.0 (15.0-19.0) 0.12
Medical history, n (%)

Smoker 142.0 (49.0) 130.0 (44.8) 0.32
Dyslipidemia 199.0 (68.6) 181.0 (62.4) 0.12
Diabetes mellitus 96.0 (33.1) 99.0 (34.1) 0.79
Hypertension 165.0 (56.9) 170.0 (58.6) 0.67
IHD 177.0 (61.0) 171.0 (59.0) 0.61
Baseline NIHSS, median (IQR) 9.0 (9.0-13.0) 9.5 (9.0-12.0) 0.71
Vascular territory of stroke according to brain imaging

MCA 130.0 (44.8) 132.0 (45.5) 0.68
Vertebral 18.0 (6.2) 18.0 (6.2)

Basilar 65.0 (22.4) 75.0 (25.9)

Intracranial internal carotid 62.0 (21.4) 49.0 (16.9)

More than one vessel 15.0(5.2) 16.0 (5.5)

Time from onset to randomization, median (IQR) 15.0 (14.0-17.0) 15.0 (14.0-17.0) 0.23
Previous TIA, n (%) 45.0 (22.4) 38.0(25.9) 0.41
Number of prior antiplatelet, n (%) 32.0(11) 35.0(12.1) 0.70
Number of prior statins, n (%) 12.0 4.1) 9.0 (3.1) 0.51
Anterior circulation stroke, n (%)* 207.0 (71.4) 197.0 (67.9) 0.37

IHD ischemic heart disease, IQR interquartile range, MCA middle cerebral artery, NIHSS National Institutes of Health Stroke Scale, TIA tran-
sient ischemic attack

Table 2 Analysis of efficacy outcomes in all patients

Efficacy outcomes Ticagrelor group  Clopidogrel group Hazard ratio (95% CI) p value

(n =290) (n =290)
Primary efficacy outcome, n (%)
Any stroke at 90 days 30.0 (10.3) 49.0 (16.9) 0.61 (0.38-0.98) 0.04**
Secondary efficacy outcome, n (%)
Significant improvement in NIHSS after 1 week or discharge 89.0 (30.7) 61.0 (21.0) 0.59 (0.41-0.86) 0.008**
Favorable outcome (mRS 0-2) after 1 week or discharge 86.0 (29.7) 58.0 (20.0) 0.60 (0.42-0.87) 0.007**
Favorable outcome (mRS 0-2) after 90 days 99.0 (34.1) 70.0 (24.1) 0.65 (0.47-0.90) 0.008**
Composite of recurrent stroke, M1, death 36.0 (12.4) 57.0 (19.7) 0.56 (0.37-0.87) 0.009%3*

The incidences of recurrent stroke and composite events outcomes are Kaplan—Meier estimates of the percentage of patients with events at 90
days, whereas the incidence of other outcomes are raw estimates

Significant improvement in NIHSS: a reduction in NIHSS by > 4 points
CI confidence interval, MI myocardial infarction, mRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale

**Statistically significant at p < 0.05 for primary efficacy outcome and at adjusted p < 0.0125 for secondary efficacy outcomes

circulation stroke, 20 patients (10.3%) in the ticagrelor arm
and 33 patients (16.9%) in the clopidogrel group experi-
enced a recurrent ischemic or hemorrhagic stroke at 90 days
(HR 0.47; 95% CI 0.27-0.84; p = 0.01) (Table 4, Fig. 4).
Also, we found that 62 (30%) patients in the ticagrelor group
and 41 (20.8%) patients in the clopidogrel group showed a
significant reduction in NIHSS after 1 week (HR 0.51; 95%
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CI 0.32-0.82; p = 0.005), 60 (29%) patients in the ticagre-
lor group and 38 (19.3%) patients in the clopidogrel group
experienced favorable mRS scores after 1 week (HR 0.57;
95% CI 0.3-0.87; p = 0.010), 70 (33.8%) patients in the
ticagrelor group and 47 (23.9%) in the clopidogrel group
experienced favorable mRS scores after 3 months (HR 0.60;
95% CI 0.40-0.88; p = 0.009), and 24 (11.6%) patients in
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Hazard ratio, 0.61 (35% ClI, 0.38-0.98) P=0.04

antiplt.type

Ticagrelor group
Clopidogrel group

064

044

Cumulative probability of any stroke at 90 days

T T
0 30 60 90

Days since randomization

No. at risk
Ticagrelor 200 [ 263 | 252 | 247
Clopidogrel | 290 [ 246 [ 230 | 229

Fig.2 Cumulative incidence of any stroke at 90 days in all patients

the ticagrelor group and 40 (20.3%) patients in the clopi-
dogrel group experienced composite of recurrent ischemic
or hemorrhagic stroke, MI, or death due to vascular insults
(HR 0.48; 95% CI 0.28-0.82; p = 0.007) (Table 4).

In anterior circulation stroke, 14 (6.8%) patients in the
ticagrelor arm, and 9 (4.6%) patients in the clopidogrel
group had drug-related hemorrhagic complications (HR
1.94; 95% CI 0.81-4.66; p = 0.14), 7 patients (3.4%)
in the ticagrelor group and 6 patients (3%) in the clopi-
dogrel group had hemorrhagic infarction (HR 2.3; 95% CI
0.66-8.04; p = 0.20), 24 (12.1%) in the ticagrelor group
and 25 (12.8%) patients in the clopidogrel group had drug-
related non-hemorrhagic side effects (HR 1.32; 95% CI

Table 3 Analysis of safety outcomes in all patients

0.75-2.36; p = 0.32), and 2 patients in each group died
due to vascular and non-vascular complications (HR 1.47;
95% CI1 0.20-10.56; p = 0.70) (Table 5).

In posterior circulation stroke, ten patients (12%) in the
ticagrelor arm and 16 patients (17.2%) in the clopidogrel
group experienced a recurrent ischemic or hemorrhagic
stroke at 90 days (HR 2.45; 95% CI 1.19-5.04; p = 0.02)
(Table 6). Also, we found that 27 (32.5%) patients in the
ticagrelor group and 20 (21.5%) patients in the clopi-
dogrel group showed a significant reduction in NIHSS
after 1 week (HR 2.41; 95% CI 1.23-4.71; p = 0.010), 26
(31.3%) patients in the ticagrelor group and 20 (21.5%)
patients in the clopidogrel group experienced favorable
mRS scores after 1 week (HR 2.61; 95% CI 1.33-5.11;
p = 0.005), 29 (34.9%) patients in the ticagrelor group and
23 (24.7%) in the clopidogrel group experienced favorable
mRS scores after 3 months (HR 2.23; 95% CI 1.25-3.97;
p =0.007), and 12 (14.5%) patients in the ticagrelor group
and 17 (18.3%) patients in the clopidogrel group expe-
rienced composite of recurrent ischemic or hemorrhagic
stroke, M1, or death due to vascular insults (HR 3.34; 95%
CI 1.36-8.24; p = 0.009) (Table 6).

In posterior circulation stroke, 8 (9.6%) patients in the
ticagrelor arm and 6 (6.5%) patients in the clopidogrel
group had drug-related hemorrhagic complications (HR
1.58; 95% CI 0.53-4.76; p = 0.42), 3 patients (3.4%) in
each group had hemorrhagic infarction (HR 0.51; 95% CI
0.08-3.15; p = 0.47), 11 (13.3%) in the ticagrelor group
and 12 (12.9%) patients in the clopidogrel group had
drug-related non-hemorrhagic side effects (HR 0.91; 95%
CI 0.39-2.10; p = 0.82), and 2 patients in the ticagrelor
group and 1 patient in the clopidogrel group died due to

Safety outcomes Ticagrelor group Clopidogrel group Hazard ratio (95% CI) p value
(n =290) (n =290)

Primary safety outcome, n (%)

Total hemorrhagic complications 22.0 (7.6) 15.0(5.2) 0.80 (0.41-1.55) 0.50

Hemorrhagic transformation of infarction, n (%)

Hemorrhagic infarction 1 4.0(1.4) 3.0(1.0) 0.77 (0.31-1.90) 0.57

Hemorrhagic infarction 2 4.0(1.4) 3.0(1.4)

Parenchymal hemorrhage 1 1.0 (0.3) 2.0 (0.7)

Parenchymal hemorrhage 2 1.0 (0.3) 1.0 (0.3)

Secondary safety outcome, n (%)

Patients with non-hemorrhagic complica- 35.0 (12.1) 37.0 (12.8) 0.78 (0.49-1.25) 0.31
tions

Death at 90 days 4.0(11.4) 3.0(1.0) 0.50 (0.10-2.60) 0.41

The incidences of recurrent ischemic stroke and composite events outcomes are Kaplan—Meier estimates of the percentage of patients with

events at 90 days

CI confidence interval
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Fig.3 Cumulative incidence of drug-related hemorrhagic complica-
tions in all patients

vascular and non-vascular complications (HR 0.58; 95%
CI10.05-6.5; p = 0.66) (Table 7).

4 Discussion

Several trials examined the effectiveness of ticagrelor in
preventing ischemic stroke, including the SOCRATES
and THALES trials. The SOCRATES trial concluded that
ticagrelor was not more effective than aspirin in reducing
the occurrence of stroke, heart attack, or death within 90
days, specifically in cases of minor ischemic stroke or TIA
associated with ipsilateral atherosclerotic stenosis [28, 29],
while the THALES trial identified that in patients with

Table 4 Analysis of efficacy outcomes in anterior circulation stroke

minor-to-moderate non-cardioembolic ischemic stroke
(NIHSS score < 5) or TIA, ticagrelor and aspirin decreased
the risk of stroke or death within 30 days as opposed to
aspirin alone. However, there was no significant difference
in the occurrence of disability between the two groups, and
the rate of hemorrhagic complications was higher among the
ticagrelor group [30].

Other trials compared ticagrelor versus clopidogrel in
ischemic stroke; for example, the CHANCE-2 trial iden-
tified that in Chinese patients with minor ischemic stroke
or TIA who harbored CYP2C19 loss-of-function alleles,
the occurrence of stroke within 90 days was decreased
with ticagrelor as opposed to clopidogrel, and there was
no statistically significant difference in the risk of severe
or moderate hemorrhagic complications between the two
groups. The CHANCE-2 subgroup analysis identified that
patients without intra-cranial arterial stenosis (ICAS) had
better clinical outcomes when treated with ticagrelor and
aspirin as opposed to clopidogrel and aspirin after a minor
ischemic stroke or TIA [10, 31], while Wang et al. identified
that Chinese patients with minor stroke or TIA who received
ticagrelor and aspirin have a lower proportion of high plate-
let reactivity than those who are treated with clopidogrel
plus aspirin [11].

All the trials that compared ticagrelor with clopidogrel
in ischemic stroke included only patients with a transient
ischemic attack or minor stroke and did not include patients
from Africa. Our trial differed from the previously held stud-
ies as it is the first study worldwide that compared ticagrelor
and clopidogrel in moderate and moderate-to-severe LVO
ischemic stroke Egyptian patients.

All of our patients received single antiplatelets as all of
our patients had large-vessel moderate or moderate-to-severe
disabling ischemic stroke. To the best of our knowledge,
there were no such trials that compared dual versus single

Efficacy outcomes Ticagrelor group Clopidogrel group Hazard ratio (95% CI) p value
(n=207) (n=197)

Primary efficacy outcome, n (%)

Any stroke at 90 days 20.0 (10.3) 33.0 (16.9) 0.47 (0.27-0.84) 0.01%*

Secondary efficacy outcome, n (%)

Significant improvement in NIHSS after 1 week or discharge 62.0 (30.0) 41.0 (20.8) 0.51 (0.32-0.82) 0.005%3*

Favorable outcome (mRS 0-2) after 1 week or discharge 60.0 (29.0) 38.0(19.3) 0.57 (0.37-0.87) 0.010%*

Favorable outcome (mRS 0-2) after 90 days 70.0 (33.8) 47.0 (23.9) 0.60 (0.40-0.88) 0.009%3*

Composite of recurrent stroke, M1, death 24.0 (11.6) 40.0 (20.3) 0.48 (0.28-0.82) 0.007**

Significant improvement in NIHSS: a reduction in NIHSS by >4 points

The incidences of recurrent stroke and composite events outcomes are Kaplan—Meier estimates of the percentage of patients with events at 90

days, whereas the incidence of other outcomes are raw estimates

CI confidence interval, MI myocardial infarction, mRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale

**Statistically significant at p < 0.05 for primary efficacy outcome and at adjusted p < 0.0125 for secondary efficacy outcomes
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Fig.4 Favorable outcome (mRS 0-2) after 90 days in all patients

antiplatelet in moderate and moderate-to-severe ischemic
stroke. Although the SAMMPRIS trial concluded that, in
TIA and non-disabling ischemic stroke patients with intrac-
ranial arterial stenosis, dual antiplatelet therapy with clopi-
dogrel and aspirin was superior to percutaneous transluminal
angioplasty and stenting (PTAS) in reducing the risk of early
stroke [32], many other trials, such as subgroup analysis of
CHANCE, CHARISMA and MATCH trials [7-9], did not
support combination therapy over single antiplatelet in large-
vessel stroke; in addition, the median baseline NIHSS of all
of our patients was 9-10, and this could cause a different

Table 5 Analysis of safety outcomes in anterior circulation stroke

response to dual antiplatelet therapy than the response
observed in those with TIA or minor stroke, as our patients
had a more severe neurological impairment and larger areas
of ischemic injury, which may have a greater risk of a brain
hemorrhage [33].

We found no difference between the two groups concern-
ing hemorrhagic and non-hemorrhagic adverse effects. This
result agrees with the finding of Wang et al. (2019), Yang
et al. (2020), and Wang et al. [10, 11, 34].

In our trial, the ticagrelor group had fewer recurrent
strokes and better clinical outcomes regarding reduction in
NIHSS and favorable mRS than the clopidogrel group. Our
findings agree with Wang et al. [10, 11, 31].

When we performed subgroup analysis according to the
circulation affected, we found that in both anterior and pos-
terior circulation strokes, the ticagrelor group had better
results regarding the rates of any stroke at 90 days, the rates
of patients who achieved favorable mRS at 1 week and 90
days, and there was no significant difference between the
two groups concerning hemorrhagic and non-hemorrhagic
adverse effects.

The fewer recurrent strokes and better clinical outcomes
noted in the ticagrelor group in comparison with the clopi-
dogrel group could be because ticagrelor is an active drug
that is metabolized primarily via the CYP3A4 enzyme,
unlike clopidogrel which is a prodrug, and the conver-
sion of clopidogrel to its active metabolite involved two
sequential oxidative steps; the first one leads to formation
of 2-oxo-clopidogrel, followed by the conversion of 2-oxo-
clopidogrel to the active metabolite. CYP1A2, CYP2B6,
CYP2C9, CYP2C19, and CYP3A4/5 are implicated as
cytochrome P450 enzymes in the metabolism of clopidogrel
[35]; drug—drug interactions of clopidogrel were reported

Safety outcomes Ticagrelor group Clopidogrel group Hazard ratio (95% CI) p value
(n=207) (n=197)

Primary safety outcome, n (%)

Total hemorrhagic complications 14.0 (6.8) 9.0 (4.6) 1.94 (0.81-4.66) 0.14

Hemorrhagic transformation of infarction, n (%)

Hemorrhagic infarction 1 3.0(1.4) 3.0(L.5) 2.3 (0.66-8.04) 0.20

Hemorrhagic infarction 2 3.0(1.4) 2.0 (1.0)

Parenchymal hemorrhage 1 1.0 (0.5) 1.0 (0.5)

Parenchymal hemorrhage 2 0 0

Secondary safety outcome, n (%)

Patients with non-hemorrhagic complica- 24.0 (12.1) 25.0 (12.8) 1.32 (0.75-2.36) 0.32
tions

Death at 90 days 2.0(1.4) 2.0 (1.0) 1.47(0.20-10.56) 0.70

The incidences of recurrent ischemic stroke and composite events outcomes are Kaplan—Meier estimates of the percentage of patients with

events at 90 days
CI confidence interval
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Table 6 Analysis of efficacy outcomes in posterior circulation stroke

Efficacy outcomes Ticagrelor group Clopidogrel group Hazard ratio (95% CI) p value
(n=283) n=93)

Primary efficacy outcome, n (%)

Any stroke at 90 days 10.0 (12) 16.0 (17.2) 2.45 (1.19-5.04) 0.02%*

Secondary efficacy outcome, n (%)

Significant improvement in NIHSS after 1 week or discharge 27.0 (32.5) 20.0 (21.5) 2.41(1.23-4.71) 0.010%*

Favorable outcome (mRS 0-2) after 1 week or discharge 26.0 (31.3) 20.0 (21.5) 2.61 (1.33-5.11) 0.005%*

Favorable outcome (mRS 0-2) after 90 days 29.0 (34.9) 23.0 (24.7) 2.23 (1.25-3.97) 0.007**

Composite of recurrent stroke, M1, death 12.0 (14.5) 17.0 (18.3) 3.34 (1.36-8.24) 0.009%3*

Significant improvement in NIHSS: a reduction in NIHSS by >4 points

The incidences of recurrent stroke and composite events outcomes are Kaplan—Meier estimates of the percentage of patients with events at 90

days, whereas the incidence of other outcomes are raw estimates

CI confidence interval, MI myocardial infarction, mRS modified Rankin scale, NIHSS National Institute of Health Stroke Scale

**Statistically significant at p < 0.05 for primary efficacy outcome and at adjusted p < 0.0125 for secondary efficacy outcomes

Table 7 Analysis of safety outcomes in posterior circulation stroke

Safety outcomes Ticagrelor group Clopidogrel group Hazard ratio (95% CI) p value
(n=283) (n=93)

Primary safety outcome, n (%)

Total hemorrhagic complications 8.0 (9.6) 6.0 (6.5) 1.58 (0.53-4.76) 0.42

Hemorrhagic transformation of infarction, n (%)

Hemorrhagic infarction 1 1.0 (1.2) 0 0.51 (0.08-3.15) 0.47

Hemorrhagic infarction 2 1.0 (1.2) 1.0 (1.1)

Parenchymal hemorrhage 1 0 1.0 (1.1)

Parenchymal hemorrhage 2 1.0 (1.2) 1.0 (1.1)

Secondary safety outcome

Patients with non-hemorrhagic complica- 11.0 (13.3) 12.0 (12.9) 0.91 (0.39-2.10) 0.82

tions
Death at 90 days 2024) 1.0 (1.1) 0.58 (0.05-6.5) 0.66

The incidences of recurrent ischemic stroke and composite events outcomes are Kaplan—Meier estimates of the percentage of patients with

events at 90 days
CI confidence interval

with atorvastatin, the calcium-channel antagonist vera-
pamil, and the proton-pump inhibitor omeprazole [35]. As
a result, ticagrelor had a much more rapid onset of action
and a more powerful effect in reducing platelet reactivity.
The PRINCE trial stated that patients with minor stroke or
transient ischemic attack who are treated with ticagrelor plus
aspirin have a lower proportion of high platelet reactivity
than those who are treated with clopidogrel plus aspirin. The
reduction in platelet reactivity is associated with a reduction
in recurrent vascular events [11].

In addition, inflammatory high sensitivity C-reactive pro-
tein (hs-CRP) is associated with recurrent vascular events
[31], especially among patients with symptomatic intra-cra-
nial arterial stenosis (ICAS) in whom hs-CRP reflects the
intracranial atherosclerotic burden [31]. This could indicate
that the inflammatory burden plays an interactive role in the
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effectiveness of antiplatelet therapy. Clopidogrel had weak
anti-inflammatory effect and the analysis of dual antiplatelet
therapy in patients with ICAS and hs-CRP in the CHANCE
trial found that clopidogrel plus aspirin therapy was effec-
tive only in patients with ICAS with non-elevated hs-CRP
(< 3 mg/L), not in patients with ICAS with elevated hs-
CRP (> 3 mg/L) [31]. On the other hand, ticagrelor had a
powerful anti-inflammatory effect by inhibiting neurotoxic
and thrombogenic eicosanoids, including thromboxane B2
[36], and it reduced interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-) levels in diabetic patients with non-ST seg-
ment elevation acute coronary syndrome [37]. Also, studies
showed that ticagrelor combined with rosuvastatin decreased
myocardial mRNA levels of IL-1p, IL-6, and NOD-, LRR-,
and pyrin domain-containing protein 3 (NLRP3) in diabetic
rats with ischemia-reperfusion injury [38].
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The metabolism of clopidogrel is affected in patients with
CYP2C19 loss-of-function alleles. However, there is no
such study that evaluated the prevalence of CYP2C19 loss-
of-function alleles in Egypt. Nevertheless, among African
and Caucasian patients, the prevalence of CYP2C19 loss-
of-function alleles is about 5-10% [39], unlike the preva-
lence of 50-60% in the Asian population and 25-28% in
the European population [40], but a genetic sub-study of
the Platelet Inhibition and Patient Outcomes (PLATO) trial
indicated that ticagrelor is more efficacious than clopidogrel
for acute coronary syndromes, regardless of the CYP2C19
genotype [7].

Our trial had some advantages as it was the first blinded
RCT worldwide that compared ticagrelor versus clopidogrel
in moderate and moderate to severe LVO ischemic stroke in
Africa, but it had some limitations: (i) the relatively small
sample; (ii) our trial was single-blinded, where only the
investigators and the statistician were blinded to the treat-
ment groups—this issue might lead to the placebo effect
[41], which might leave room for bias in adverse events
assessment and drug continuation; and (iii) all the patients
were Egyptian, so we need to pursue a double-blinded larger
scale randomized trial powered for both safety and efficacy
to establish the validity and generalizability of the results.

5 Conclusion

Patients with acute large-vessel occlusion stroke who
received ticagrelor within the first 24 hours after ischemic
stroke had better clinical outcomes based on recurrent stroke
rates, NIHSS reduction, and favorable mRS rates compared
with those who received clopidogrel. There were no differ-
ences between ticagrelor and clopidogrel regarding hemor-
rhagic and non-hemorrhagic complications.
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