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ABSTRACT
Objective: Wake-up stroke (WUS) comprises a significant 
proportion of ischemic strokes. However, due to unclear 
onset, these patients are often not considered for reperfusion 
therapy. The objective of this study was to investigate the 
clinical and imaging differences between WUS patients and 
those with clear-onset stroke, documenting any sex, age, or 
risk factor predilection for WUS.

Methods: This prospective observational cohort study used 
an ongoing stroke registry to identify patients with acute 
ischemic stroke admitted to a hospital in Saudi Arabia within 
5 days of symptom onset from April 2018 to March 2020. 
Patients were classified into 2 groups: WUS and clear-onset 
stroke.

Results: Among 645 patients, 448 met the criteria for acute 
ischemic stroke and were included in the study. WUS was 
identified in 112 (25%) patients. There were no differences in 
sex or median age between the 2 groups. Diabetes mellitus, 
hypertension, and dyslipidemia were higher in the WUS 
group, while atrial fibrillation, history of stroke and epilepsy 
were higher in the clear-onset stroke group. Bihemispheric 
stroke was higher in the clear-onset stroke group than in the 
WUS group (6.0% vs 2.7%).

Conclusions: Only minor dissimilarities between clinical and 
radiologic features of WUS and clear-onset stroke were found. 
Circadian patterns of stroke onset were observed in both 
groups. Stroke was more likely to occur during waking than 
during sleep, and a diurnal pattern of common occurrence 
during the morning was documented. Recognition of the 
acceptable timeframe for acute reperfusion therapy in 
unwittnessed strokes is crucial so that thrombolytic treatment 
can be started for these patients.
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Stroke is one of the fastest-emerging cerebrovascular diseases, 
with high rates of morbidity and mortality and resulting in 

increased social and economic hardship.1–3 Stroke is a second-
leading cause of mortality in Saudi Arabia as per the World 
Health Organization (WHO).4 The main challenge for the health 
care system in Saudi Arabia is  the lack of stroke awareness.3 Data 
have shown a stroke incidence of 57.64 per 100,000 person-years, 
with decreased morbidities and mortalities due to improvement 
in acute stroke management.5–7

Wake-up stroke (WUS) is defined as the condition in which a 
patient wakes up with symptoms suggestive of stroke that were 
not present before sleeping. Approximately 25% of all strokes 
occur during sleep (ie, the exact time of symptom onset is 
unknown), resulting in a therapeutic dilemma. These patients are 
generally not considered candidates for acute reperfusion therapy 
for ischemic stroke, and very few would qualify for mechanical 
thrombectomy.4,8,9 Exclusion of a significant number of stroke 
patients from potentially beneficial reperfusion therapy limits 
its impact on disease burden, leading to poor outcomes. With 
the emergence of functional neuroimaging techniques, it is now 
possible to identify patients with WUS who could have benefited 
from reperfusion therapy.9 Evidence from clinical and imaging 
studies suggests the timing of WUS is close to the time of waking 
up; thus, patients might qualify for reperfusion therapy within the 
approved timeframe in an emergency setting. Several imaging 
techniques, including noncontrast computed tomography (CT), 
CT perfusion, and multimodal magnetic resonance imaging 
(MRI), can be utilized to identify WUS patients who are still 
eligible for reperfusion therapy.10

The origin of WUS is unknown. Several studies11–14 have 
highlighted the role of the circadian rhythm in the occurrence 
of ischemic stroke at different times of the day. The circadian 
rhythm not only dictates the endogenous sleep/wake cycle, 
but also determines behavior and other physiologic function. 
External factors such as light and nutrition also affect this 
internal clock,11,12 resulting in a synchronized diurnal cycle 
alternating with light and dark intervals. The suprachiasmatic 
nucleus located in the anterior hypothalamus is responsible for 
regulating the diurnal pattern. Occurrence of ischemic stroke 
is independently associated with this circadian pattern after 
controlling for hypertension, diabetes mellitus, dyslipidemia, 
smoking habits, previous vascular events, and treatment with 
antiplatelet agents or anticoagulant drugs.13,15 The maximum 
likelihood of stroke is nevertheless in the morning hours for each 
stroke subtype, including small artery or lacunar, cardioembolic, 
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large artery, and cryptogenic.13,15 In contrast to ischemic 
stroke, intracerebral hemorrhage has a greater occurrence 
rate in the late afternoon, with an occasional observation 
at night.12,15 Controversies exist in the literature regarding 
clinical presentations, risk factors, etiology, and prognosis 
between WUS and clear-onset stroke.16 It has been concluded 
that WUS patients are likely to be older and have a greater 
incidence of lacunar strokes with presumed pathophysiology 
of thrombotic strokes compared to clear-onset ischemic 
stroke patients.

The objective of this study was to identify clinical and 
imaging characteristics of WUS in an Arab cohort; to 
determine any sex, age, or risk factor preference for WUS; 
and to correlate these findings to the possible mechanisms. 
This article reviews clinical and imaging characteristics of 
WUS to provide the most recent research regarding WUS, 
as well as advances in treatment.

METHODS

This was a prospective observational cohort study using 
an ongoing stroke registry at King Fahd Hospital of the 
University (KFHU) from April 2018 to March 2020.

Setting
KFHU is a 500-bed tertiary care teaching hospital that 

provides multidisciplinary health care to the Eastern Province 
of Saudi Arabia. The hospital has a well-established 45-bed 
neurology department, including residents, stroke fellows, 
stroke consultants, and stroke interventionists, with 24-hour 
provision of inpatient and outpatient clinical services. KFHU 
is a referral center for acute stroke reperfusion therapy in 
the Eastern Province of Saudi Arabia and accepts patients in 
need of thrombolysis or mechanical thrombectomy falling 
within the therapeutic window.

Sample
Of 645 patients admitted with a diagnosis of ischemic 

stroke, 448 fulfilled the inclusion criteria and were included 
in the study. Inclusion criteria were age ≥ 18 years, presenting 
within 5 days of symptom onset, and National Institutes of 
Health Stroke Scale (NIHSS) score ≥ 3. Both first-time and 
recurrent ischemic stroke events were included. Patients 
with transient ischemic attacks, defined as symptoms lasting 
less than 24 hours without neuroradiologic evidence of 

infarction; those who had negative head MRIs; and those 
who failed to obtain vascular imaging were excluded.

Data and Instruments
The study was approved by the KFHU institutional 

review board. In the KFHU stroke registry, data collection 
was done at baseline (at admission) and at clinic follow-up 
after discharge from the hospital. The registry data included 
demographics, vascular risk factors, and detailed history 
regarding time of stroke onset. All patients were grouped 
into 2 categories: WUS and clear-onset stroke. Patients 
waking up from sleep with stroke symptoms (WUS) were 
classified into group A morning (6:00 am–12:00 pm), Group 
B (12:01 pm–11:59 pm), and Group C midnight (12 am–5:59 
am) based on the wake-up time. The precise recognition 
time of stroke symptoms was obtained via patient memory 
or eyewitness account. Patients with clear-onset stroke were 
those who experienced a stroke during the awake state with 
a recognized time of stroke onset. Patients underwent a 
detailed neurologic examination including initial NIHSS 
score. Stroke location and vascular imaging were assessed 
by a neuroradiologist. A body mass index > 26 kg/m2 was 
regarded as obese.

Coexisting variables—diabetes mellitus, hypertension, 
ischemic heart disease, atrial fibrillation, history of stroke, 
smoking, dyslipidemia, and obesity—were compared. Stroke 
severity was assessed with the NIHSS.17 Clinical outcome 
was assessed using hospital discharge modified Rankin Scale 
(mRS) scores and 90-day mortality rates. The NIHSS is a 
15-item validated tool used in clinical trials to assess stroke 
severity. It includes testing of conscious level; selective cranial 
nerves; motor, sensory, and cerebellar functions; language; 
and inattention. The score range is 0–42, with higher values 
indicating stroke severity.17 The mRS is a 6-point disability 
scale with possible scores ranging from 0 to 5 and higher 
values indicating greater disability. A distinct category of 6 is 
added for patients who die. Uniform conversations to attain 
mRS scores are endorsed at 90 days after hospital discharge. 
The NIHSS score was recorded at admission and discharge. 
The mRS score was recorded 90 days after discharge. 

Symptomatic large vessel stroke is identified when stenosis 
in a large artery is considered the cause. Etiologic classification 
of ischemic stroke was approved using the Trial of Org 10172 
in Acute Stroke Treatment (TOAST) classification.18 TOAST 
classification categorizes stroke into 5 subtypes: (1) large 
artery atherosclerosis/macroangiopathic, (2) cardioembolic, 
(3) small vessel occlusion (lacune) and small vessel occlusion/
microangiopathic, (4) stroke of other determined etiology, 
and (5) undetermined etiology. TOAST classification has a 
reliable interobserver agreement for accurately predicting 
stroke prognosis. Stroke was lateralized to left, right, or 
bilateral. Anatomically, strokes were classified as anterior or 
posterior circulation infarction according to the territory of 
the cerebral vessel involved. Anterior circulation involved 
anterior cerebral artery and middle cerebral artery, while 
posterior circulation had either posterior cerebral artery or 
vertebrobasilar circulation infarctions.

Clinical Points
■■ Recognition of the acceptable timeframe for acute 

reperfusion therapy in unwitnessed strokes is crucial so that 
thrombolytic treatment can be started for these patients.

■■ It is critical to recognize wake-up stroke in the primary care 
setting for early referral to acute stroke care, as many of 
these patients could benefit from acute reperfusion therapy 
after obtaining the appropriate imaging.

■■ Diabetes mellitus and hypertension are important and 
modifiable risk factors for stroke in the primary care setting. 
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Figure 1. Presenting Symptoms of Patients With Stroke According to the Time of Stroke

Abbreviation: LOC = level of consciousness. 

Table 1. Sociodemographic and Clinical Characteristics of 
the Patientsa

Characteristic

Wake-up 
Stroke

(n = 112)

Clear-Onset 
Stroke

(n = 336) P Value
Age, median (range), y 59.95 (14.21) 60.39 (13.94) .77
Sex .90

Male 72 (64.3) 218 (64.9)
Female 40 (35.7) 118 (35.1)

Smoking .80
Yes 27 (24.1) 87 (25.9)
No 85 (75.9) 249 (74.1)

Obesity .58
Yes 67 (59.8) 190 (56.5)
No 45 (40.2) 146 (43.5)

Hemoglobin A1C, median (IQR)b 3 (1–3) 2 (1–3) .15
Low-density lipoproteins .16

Normal 87 (77.7) 243 (72.3)
Abnormal (high) 25 (22.3) 93 (27.7)

High-density lipoproteins .50
Normal 81 (72.3) 241 (71.7)
Abnormal (low) 31 (27.7) 95 (28.3)

Triglycerides .54
Normal 78 (69.6) 234 (69.6)
Abnormal (abnormal) 34 (30.4) 102 (30.4)

Total cholesterol .08
Normal 76 (67.9) 202 (60.1)
Abnormal (high) 36 (32.1) 134 (39.9)

Site of stroke .13
Right 56 (50.5) 137 (41.0)
Left 52 (46.8) 177 (53.0)
Bilateral 3 (2.7) 20 (6.0)

TOAST .51
Large artery 44 (40.4) 122 (36.4)
Cardioembolism 16 (14.7) 68 (20.3)
Small vessel occlusion 31 (28.4) 92 (27.5)
Stroke of other determined 

etiology
1 (0.9) 9 (2.7)

Stroke of undetermined 
etiology

17 (15.6) 44 (13.1)

NIHSS, median (IQR) 6 (4–8) 6 (4–10) .20
mRS, median (IQR)c 2 (1–3) 2 (1–3) .56

aData are presented as n (%) unless otherwise specified.
bAnalysis based on 419 patients.
cAnalysis based on 423 patients; 25 patients died, and 59 had missing data.
Abbreviations: IQR = interquartile range, mRS = modified Rankin Scale, 

NIHSS = National Institutes of Health Stroke Scale, TOAST = Trial of Org 
10172 in Acute Stroke Treatment.

Analysis
Comparative and correlative data analyses were 

conducted. Descriptive statistics for continuous data are 
reported as median and interquartile range (IQR), as it is 
a better representation of skewed data. Categorical data 
were compared mainly by χ2 test and Fisher exact test 
when numbers were small between cells. Continuous data 
were compared with the Kruskal-Wallis test, as they were 
not normally distributed. A P value < .05 was considered 
statistically significant. The analysis was performed using 
SPSS version 22.

RESULTS

We identified 645 patients admitted to the neurology 
service with a diagnosis of acute ischemic stroke; 448 
patients were included, and 197 patients were excluded. Of 
the excluded patients, 30 had intracerebral hemorrhage, 73 
had transient ischemic attacks, and 97 had non-neurologic 
etiologies (stroke mimics). The mean age of all patients 
was 60.06 years, and 64.7% were male. Patients with WUS 
constituted 25% (n = 112) of the sample, while 75% (n = 236) 
had clear-onset stroke. Among patients with WUS, 59.8% 
were overweight, which was similar to the clear-onset group 
(56.5%). Recurrent strokes were found in 11% of the WUS 
patients compared to 19% of the clear-onset group (P = .04).

Table 1 presents the clinical characteristics of the patient 
population according to the time of stroke. A considerably 
higher risk of stroke incidence in the morning and a lower 
risk in the late afternoon was confirmed in our cohort of 
patients. Of 112 patients, 82 had stroke onset from 12 am 
to 12 pm, which was approximately two-thirds of the WUS 
patients.

There was no difference in the median NIHSS or mRS 
scores between the 2 groups. However, hemoglobin A1C 
(HbA1C) levels were higher among the WUS patients, 
although this was not statistically significant (P = .15). 
Regarding TOAST classification, large artery atherosclerosis/
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Table 2. Comorbidities of Wake-up and Clear-Onset Stroke 
Patientsa

Comorbidities
Wake-up Stroke 
(n = 112, 25%) 

Clear-Onset Stroke 
(n = 336, 75%) P Value

Diabetes mellitus .27
Yes 85 (75.9) 243 (72.3)
No 27 (24.1) 93 (27.7)

Hypertension .11
Yes 99 (88.4) 279 (83.0)
No 13 (11.6) 57 (17.0)

Atrial fibrillation .41
Yes 14 (12.5) 47 (14.0)
No 98 (87.5) 289 (86.0)

History of stroke .04
Yes 13 (11.6) 64 (19.0)
No 99 (88.4) 272 (81.0)

Dyslipidemia .18
Yes 37 (33.0) 89 (26.5)
No 75 (67.0) 247 (73.5)

 aData are presented as n (%).

Table 3. Imaging Characteristics of Wake-up and Clear-
Onset Stroke Patientsa,b

Characteristics

Wake-up 
Stroke  

(n = 112, 25%)

Clear-Onset 
Stroke  

(n = 336, 75%)
P 

Value
Frontal .15

Yes 35 (31.2) 206 (61.3)
No 77 (68.8) 130 (38.7)

Parietal .001
Yes 16 (14.3) 100 (29.6)
No 96 (85.7) 236 (70.2)

Temporal .20
Yes 19 (17.0) 76 (22.7)
No 93 (83.0) 259 (77.3)

Occipital .56
Yes 12 (10.7) 43 (12.8)
No 100 (89.3) 293 (87.2)

Basal ganglia .49
Yes 33 (29.5) 88 (26.2)
No 79 (70.5) 248 (73.8)

Internal capsule .009
Yes 28 (25.0) 48 (14.3)
No 84 (75.0) 288 (85.7)

Thalamus .72
Yes 11 (9.8) 37 (11.0)
No 101 (90.2) 299 (89.0)

Insula .53
Yes 26 (23.2) 88 (26.2)
No 86 (76.8) 248 (73.8)

Brain stem .23
Yes 9 (8.0) 41 (12.2)
No 103 (92.0) 295 (87.8)

Centrum semiovale < .001
Yes 35 (31.2) 51 (15.2)
No 77 (68.8) 285 (84.8)

Cerebellum .53
Yes 26 (23.2) 88 (26.2)
No 86 (76.8) 248 (73.8)
Alberta Stroke Program Early 

CT Score, mean (range)b
7 (6–7) 7 (6–7) .65

Extracranial disease .51
Yes 22 (19.6) 57 (17.0)
No 90 (80.4) 279 (83.0)

Intracranial disease .17
Yes 57 (50.9) 146 (43.5)
No 55 (49.1) 190 (56.5)

Vasculitis 1
Yes 1 (0.9) 2 (0.6)
No 111 (99.1) 334 (99.4)

Hypoplastic vertebralb .05
Yes 29 (25.9) 59 (17.6)
No 83 (74.1) 277 (82.4)

Intracranial atherosclerotic 
disease

.30

Yes 61 (54.5) 164 (48.8)
No 51 (45.5) 172 (51.2)

Small vessel disease .003
Yes 44 (39.3) 185 (55.1)
No 68 (60.7) 151 (44.9)

aData are presented as n (%) unless otherwise specified.
bAnalysis based on 349 patients. 
Abbreviation: CT = computed tomography.

macroangiopathic comprised 40.4% of the WUS group and 
36.4% of the clear-onset group. No significant associations 
were observed for low-density lipoproteins, high-density 
lipoproteins, triglycerides, or total cholesterol. NIHSS score 
was not associated with HbA1C, obesity, or hypertension. The 
patients’ symptoms are presented in Figure 1. The highest 
presenting symptoms for WUS patients were headache, 
sensory loss, and dysarthria. It is worth noting that all clear-
onset patients had visual symptoms.

Comorbidities of patients according to the time of stroke 
are presented in Table 2. Among both WUS and clear-onset 
patients, the majority of patients were diabetic (75.9% and 
72.3%, respectively). A similarly high percentage for both 
groups was also observed for hypertension.

Table 3 describes the MRI/magnetic resonance 
angiography findings. The only statistically significant 
results were more parietal lobe involvement in clear-onset 
strokes (P = .001) and more internal capsule (P = .009) and 
centrum semiovale strokes (P < .001) in WUS. Small vessel 
disease (P = .003) was significantly higher in clear-onset 
stroke, and hypoplastic vertebral artery (P = .05) was higher 
in WUS. Half of the patients were found to have intracranial 
atherosclerotic disease in both stroke groups.

DISCUSSION

Several attempts have been made to describe the 
characteristics of WUS in recent years. It is of upmost 
importance to understand the pathophysiologic mechanism 
of WUS. WUS occurs during sleep or in the changeover from 
sleep to awakening. Diurnal variability of stroke occurrence is 
a well-known phenomenon that is the pathophysiologic basis 
of WUS and will hopefully provide insight for prevention in 
the future. In accordance with available literature, we found 
a circadian difference in WUS. Hence, we hypothesize that 
WUS results either from an innate circadian variability due 
to various stroke-promoting factors or from the biological 
impact of sleep on these factors.15,16 Research has confirmed 
that all stroke types, including ischemic and hemorrhagic, 

occur while awake and in some precise periods of diurnal 
time. There are various physiologic, pathologic, and lifestyle 
factors that may contribute to and affect the onset of stroke 
during sleep or waking.15 Our study suggests that the time 
of stroke occurrence may not be associated with stroke 
severity, prognosis, and outcome, with differences between 
WUS and clear-onset strokes. This finding is contrary to that 
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of Ripamonti et al15 who found a poorer disability score at 
hospital discharge for WUS compared to clear onset-stroke, 
as well as a higher risk of death during the first month.

Our study showed that approximately 1 in 4 patients have 
WUS, which is in line with previous studies16 showing a 
prevalence ranging from 5%–30%. Interestingly, the patients 
with WUS in our study had more hemiplegia and dysarthria 
compared to clear-onset patients. Diabetes, hypertension, 
and dyslipidemia were documented more often in the WUS 
group, though this finding was statistically insignificant. 
In this cohort, we confirmed the diurnal pattern of stroke 
onset, which is in accordance with previous studies.15,16 A 
considerably greater risk of stroke incidence in the morning 
and a lower risk in the late afternoon was documented 
previously19 and was confirmed in our cohort of patients, 
while some studies16 have recorded higher incidence from 6 
am to noon. Religious practices have been postulated as one 
of the possible mechanisms of this early morning increase 
in stroke onset due to the earlier wake-up time of this 
population for cultural/religious reasons.19 Hypertension 
is a significant predisposing factor that has been correlated 
with WUS, reflecting a sympathetic drive. Hypertension is 
a recognized risk factor for stroke and has well-documented 
diurnal variation, which is greater in the morning. Other 
endogenous factors such as a peak in prothrombotic factors, 
an increase in platelet aggregation, endothelial dysfunction, 
fluctuating serum catecholamine levels, and autonomic 
tone are also greater in the morning.14 Additionally, platelet 
aggregation increases considerably in the morning while 
changing to upright posture and starting the day-to-day 
activities. Autonomic nervous system modulations and its 
variations in advanced age are responsible for daily variation 
in stroke occurrence and are assumed to facilitate stroke. 
Modulation of vagal tone during the night is sex specific, 
being higher in young males, and gradually reduces with 
increasing age, and it has been associated with stroke 
risk.20 These variable diurnal patterns of stroke onset in 
both sexes as well as with aging are partially explained 
by these differences in mechanisms. Our data clarify that 
the circadian rhythm, which determines diurnal changes; 
fluctuations in vitals and physiologic parameters; and the 
patient’s activities influence stroke occurrence. In our study, 
diabetes mellitus, hypertension, dyslipidemia, and obesity 
were more common among WUS patients. On the other 
hand, history of previous stroke and atrial fibrillation were 
less frequent in WUS. These findings are in contrast to that 
of Nahrir et al,16 who found a lower percentage of WUS 
patients had diabetes mellitus, hypertension, dyslipidemia, 
ischemic heart disease, and obesity; however, history of 
previous stroke and atrial fibrillation was more common 
in WUS. We found the WUS group to be 1 year younger 
than the clear-onset group, as opposed to other studies in 
which WUS patients were older.15 The sex-specific risk 
was different in our study; we found males to have a higher 
incidence of WUS. Sex-specific diurnal stroke variation has 
been documented in males who were found to have more 
stroke incidence in the early morning than in the afternoon, 

while females were found to have less incidence in the early 
morning compared to the afternoon.15,16

Patients with WUS were more obese and had more 
right hemispheric strokes, while both hemispheres were 
more often involved in clear-onset stroke (P = .06). In our 
cohort, the most common etiology for WUS was large 
artery atherosclerotic disease followed by small vessel 
disease. This finding is contrary to the study by Nahrir et 
al,16 which revealed more frequent cardioembolic strokes in 
WUS patients. Nahrir et al16 also found the insular cortex to 
be involved more frequently along with bihemispheric and 
left-sided involvement, which is contrary to our findings 
in which insular cortex, bihemispheric, and left-sided 
involvement were less frequent in WUS. These differences in 
risk stratification, etiology, and stroke severity are influenced 
by these diurnal variations.

CONCLUSIONS

The results of this study indicate that stroke, like many 
other cardiovascular disorders, occurs typically during 
the awake state and in the morning hours irrespective of 
the subtype. We also found that a higher number of WUS 
patients had some distinguishing features such as a higher 
rate of large artery atherosclerotic disease.

In primary care settings, diabetes mellitus and 
hypertension are well-recognized modifiable risk factors 
for all types of stroke. It is critical to recognize WUS in 
the primary care setting to ensure early referral to acute 
stroke care, as many of these patients could benefit from 
acute reperfusion therapy after appropriate imaging. Several 
unanswered queries need to be explored as highlighted by 
this study. Some triggers are suggested to activate the silent 
atherosclerotic plaque to become inflamed and fissured, 
resulting in clot formation.
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