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Wake-up stroke (WUS) remains one of the most chal-
lenging medical problems in acute cerebrovascular dis-
ease. Until recently, the unknown time of symptom onset
made these patients eligible only for limited therapeutic
options, thereby diminishing the likelihood of a favorable
outcome. However, the development of advanced neu-
roimaging techniques and the revision of approaches to
assessing brain tissue viability, have radically expanded
treatment possibilities for this patient category.

A paradigm shift was driven by the introduction of ad-
vanced MRI and CT protocols, which enabled not only

differentiation between the ischemic core and penumbra,
but also estimation of “biologic time” of the stroke. Such
methods as MRl DWI-FLAIR mismatch, perfusion CT, and
CT-angiography, present objective criteria for patients in
order for reperfusion therapy, despite the unknown time
of symptom onset.

Objective. The aim of this review is to summarize current
literature on the pathogenesis, risk factors (RFs), diagno-
sis, and management of WUS.

Methods. This review is based on the analysis of publi-
cations by Russian and international authors from print
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and online sources over the past 10 years. The following
search terms were used: wake-up stroke, computed to-
mography, magnetic resonance imaging, thrombolysis,
and thrombectomy. Studies or articles that did not meet
quality standards were excluded.

Results. This review examines current evidence on the
pathogenesis, RFs, diagnostic approaches, and treatment
strategies for WUS. It describes the role of various MRI
sequences in decision-making for reperfusion therapy.
Furthermore, it provides an analysis of the literature to
define indications for systemic thrombolysis and mechan-
ical thrombectomy in cerebral vessels.

Conclusion. Pharmacological and endovascular treat-
ment in the hyperacute phase of ischemic stroke has
evolved considerably over the past two decades. This
progress is attributable to improved patient selection cri-

Introduction

Wake-up stroke (WUS] is a subtype of ischemic stroke
in which no signs of neurological deficit are detected
before the patient goes to sleep, but they become ap-
parent immediately after awakening. Approximately
14-25% of patients with acute ischemic cerebrovas-
cular events wake up with symptoms of stroke [1-3].
Management of patients with WUS is complicated by
the inability to determine the exact time of stroke on-
set, which by default places them outside the stan-
dard “therapeutic window.”

According to recent studies, thrombolysis or reper-
fusion therapy may be an effective treatment option
for this group of patients, provided that appropriate
patient selection is performed [4, 5]. Selection is
based on multimodal magnetic resonance imaging

Results

The pathogenesis and risk factors of wake-
up stroke

The pathogenesis of WUS is not yet fully understood.
Current research suggests that the underlying mech-
anisms may involve impaired cerebral perfusion and
systemic hemodynamic changes due to nocturnal
fluctuations in blood pressure, heart rate, oxygen de-
saturation, as well as sympathetic nervous system
activity, slowed metabolism, and other factors [4-6].
Microvascular pathology is also considered a poten-
tial contributor. Although patients with WUS most
frequently present with lacunar infarcts, the causal

teria, advances in diagnostic imaging, and greater avail-
ability of modern thrombectomy devices.
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and computed tomography data, which allow visu-
alization of brain regions in which ischemic changes
are potentially reversible within a certain time frame.
The aim of this study is to summarize current litera-
ture on the pathogenesis, risk factors (RFs), diagno-
sis, and management of WUS.

Methods

This review is based on the analysis of publications
by Russian and international authors from print and
online sources over the past 10 years. The following
search terms were used: wake-up stroke, computed
tomography, magnetic resonance imaging, thrombol-
ysis, and thrombectomy. Studies or articles that did
not meet quality standards were excluded.

relationship between cerebral microvascular disease
and WUS pathogenesis requires further investigation
[6]. Unusual etiologies, such as cervical spondylosis,
have also been described among the diverse causes
of WUS [7].

The risk factors for WUS are likely similar to those
for acute cerebrovascular accidents (ACVA] in gener-
al. However, given its unique temporal profile, certain
factors are hypothesized to play a more prominent
role. These include obstructive sleep apnea (0SA),
dyslipidemia, a sedentary lifestyle, diabetes mellitus,
as well as race, age, and sex [8-10]. OSA is one of the
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most common risk factors for stroke. Severe 0SA may
increase the likelihood of WUS by inducing hemody-
namic shifts, coagulopathies, and autonomic dysfunc-
tion [4, 11-14]. Furthermore, OSA impairs the cortical
respiratory drive, which may also predispose to WUS.
Notably, stroke itself typically exacerbates OSA [14].
Analysis of lipid profiles in WUS patients has
shown a tendency toward elevated levels of low-den-
sity lipoproteins and cholesterol [9]. A sedentary life-
style is another widespread risk factor for WUS [3, 5].
Diabetes mellitus also increases WUS risk, highlight-
ing the role of cerebral microvascular injury as a key
pathogenetic mechanism [11].
Epidemiological data indicate that WUS is more com-
mon among black individuals and younger adults [2]. In
younger patients, the presence of a patent foramen ova-
le and OSA elevates WUS risk [15]. Sex also contributes
to the risk profile: a history of OSA is more frequently
reported in men with WUS than in women [9], although
current evidence in this area remains insufficient.

The therapeutic window in wake-up stroke
The first 3-4.5 hours from symptom onset represent
the optimal window for thrombolysis. Although the
exact time of “disease onset” is never known in WUS,
evidence suggests that most ACVA causing WUS oc-
cur within a relatively short period before awakening.
The demographic characteristics, clinical presenta-
tion, and neuroimaging findings in patients with WUS
do not differ from those in patients with a precisely
known time of ischemia that falls within the thera-
peutic window [16].

Barreto A.D. et al. published a multicenter pro-
spective study on thrombolysis outcomes in WUS pa-
tients treated within 3 hours of awakening. The results
of this work also demonstrated the safety and efficacy
of intravenous thrombolysis in this population [17].

Current literature also addresses the treatment
of patients with Unwitnessed Stroke (UWS), a broad-
er category encompassing both WUS and daytime
strokes with an unknown onset time. This combined
category differs somewhat in terms of risk factors,
etiology, and clinical presentation, necessitating
careful analysis in clinical practice. In diagnosing and
treating WUS, the concept of “last known well” (LKW])
time, which is the last time the patient was seen
without a neurological deficit, has become standard,
used as a substitute for the unknown exact time of
ischemia. A single-center retrospective study of 206

patients divided into a WUS group and a group with
witnessed stroke onset within the previous 8 hours
concluded that the outcomes of endovascular therapy
were comparable between the groups [18].

WUS patients presenting within 9 hours of the mid-
point of sleep were also included in the EXTEND trial,
which established that their outcomes could be im-
proved by timely thrombolysis when significant pen-
umbra was present on imaging [19]. These results
are promising, as they suggest a potential expansion
of the conventional therapeutic window.

Determining the exact time of stroke onset is cru-
cial, as it typically dictates the extent of salvageable
brain tissue at risk. Frequently, this very question be-
comes a major obstacle in defining treatment strategy.
Technological advances in MRl and CT have provided
a solution. Modern advanced neuroimaging protocols
can identify patients with potentially viable ischemic
tissue, thereby pushing the boundaries of the stan-
dard time-based therapeutic window. Today, the para-
digm is shifting from a rigid “time window” to a “tissue
window,” representing an area of active investigation.
A substantial body of evidence confirms that the most
justified approach is to base treatment decisions on
whether imaging findings meet specific criteria for vi-
ability, rather than on elapsed time alone [20].

Thrombolysis in patients with wake-up
stroke

Due to the uncertain time of symptom onset, only
8-27% of patients with WUS receive thrombolytic ther-
apy, even though many could be good candidates for
this procedure given careful patient selection [21, 22].

Non-contrast CT of the brain remains the pre-
ferred initial imaging modality in the routine diagno-
sis and management of acute stroke to exclude in-
tracranial hemorrhage. However, its use in isolation
is not recommended for treatment decisions in WUS.
CT perfusion (CTP) imaging, a technique for assess-
ing cerebral blood flow using CT, can provide crucial
information on cerebral hemodynamics and enable
identification of the ischemic penumbra.

A recent retrospective analysis of 22 WUS patients
demonstrated the efficacy of systemic thrombolytic
therapy in patients selected for reperfusion treat-
ment based on CTP findings, compared to conser-
vative management, which supports the conclusion
that thrombolysis can significantly improve functional
outcomes in these patients [23, 24].
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Although CT-based technologies are often more
practical in the hyperacute phase of stroke, the ad-
vent of multimodal MRI has significantly increased
the diagnostic value of the method. Studies note that
a salvageable penumbra is clearly visualized on MRI
in more than half of WUS patients within the first 3
hours of stroke onset. Available data indicate that MR
utilizing sequences such as DWI (Diffusion-Weighted
Imaging), FLAIR  (Fluid-Attenuated
Recovery), PWI (Perfusion-Weighted Imaging), and
SWI (Susceptibility-Weighted Imaging) can not only
extend the therapeutic window but also help exclude
contraindications for specific treatments and assess
the contribution of certain risk factors. Several stu-
dies have shown that MRI-guided thrombolytic thera-
py is safer and more effective compared to treatment
decisions based solely on CTP [25].

Inversion

The DWI-FLAIR Mismatch

The DWI-FLAIR mismatch refers to a discrepancy
where an acute ischemic lesion is visible on DWI but
appears normal on FLAIR sequences. This finding in-
directly suggests that the stroke likely occurred with-
in a relatively short time frame. DWI is highly sensi-
tive to cytotoxic edema, while FLAIR detects vasogen-
ic edema [25].

Data from multicenter studies involving ACVA pa-
tients presenting within 4.5 hours of symptom on-
set show that the DWI-FLAIR mismatch can identify
patients within this time window with an accuracy of
0.78 and a positive predictive value (PPV) of 0.83 [26].

A study utilizing artificial intelligence to analyze DWI
and FLAIR scans for the presence of this mismatch
demonstrated that such technologies can also be ap-
plied to the diagnostic workup of WUS patients [27].

In the WAKE-UP trial, the DWI-FLAIR mismatch
was used to justify thrombolytic therapy for patients
with UWS. Treatment outcomes in the thrombolysis
group were significantly better than in the placebo
group [28].

The DWI-FLAIR mismatch concept has limitations.
For instance, it may overestimate the actual time of
stroke onset due to its low sensitivity and negative pre-
dictive value (NPV), potentially excluding candidates
who could still benefit from reperfusion therapy [29].

In nearly 80% of ACVA patients, a salvageable pen-
umbra is visible within the first 3 hours of ischemia.
This represents brain tissue with less severe perfu-
sion reduction than the ischemic core, where neu-

ronal damage remains reversible if effective treat-
ment is initiated promptly. In such patients, DWI-PWI
mismatch-based thrombolysis can lead to favorable
functional outcomes [25].

It is anticipated that a favorable MRI profile (a
DWI-PWI mismatch in the absence of a FLAIR sig-
nal hyperintensity) will eventually become a widely
accepted screening standard. This approach would
allow clinicians to analyze scans more rapidly than
waiting for software processing that matches imag-
ing findings to the ASPECTS (Alberta Stroke Program
Early CT Score) scale [30]. MRI-ASPECTS could make
thrombolytic therapy considerably more effective and
safer for WUS patients by substantially reducing di-
agnostic decision-making time.

Additional MRI-based screening
approaches

Several other MRI-based diagnostic methods for
ACVA have been proposed. In a retrospective study,
Guo et al. utilized a DWI-T2-weighted image mis-
match to justify thrombolytic therapy, reporting satis-
factory outcomes in WUS patients [31]. Furthermore,
a machine learning model has been developed to es-
timate stroke onset time from MRI data. This meth-
od demonstrated superior accuracy compared to the
qualitative assessment of DWI-FLAIR mismatch [32].

Legrand L. et al. suggested that a discrepancy be-
tween FLAIR vascular hyperintensity (FVH) and DWI
lesions could serve as a criterion for selecting pa-
tients likely to benefit from thrombolysis. This FVH-
DWI mismatch is defined as FVH signals present
outside the DWI-delineated lesion area [33]. Whether
this mismatch is more suitable than DWI-FLAIR for
screening WUS patients requires further investiga-
tion. It has been established that quantitative FLAIR
analysis can identify patients within 6 to 8 hours of
symptom onset [34].

According to research by Cheng B. et al., FLAIR
signal intensity correlates with time from symptom
onset: greater signal intensity indicates a longer
elapsed time since ischemia and is associated with
worse clinical outcomes [35].

A discrepancy between findings on Magnetic
Resonance Angiography (MRA) and DWI has also
been shown to correlate with the extent of the DWI-
PWI mismatch and can serve as a patient selection
criterion. This mismatch may also indicate the pres-
ence of a proximal intracranial internal carotid artery
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or M1 segment middle cerebral artery occlusion with
a DWI lesion volume of less than 50 ml [36].

Contraindications and risks of
thrombolysis in wake-up stroke

The primary contraindication to thrombolysis is intra-
cranial hemorrhage (ICH). While non-contrast head
CT was traditionally used for all suspected stroke pa-
tients to rule out ICH, the development of multimodal
MRI has revealed superior alternatives for this pur-
pose, such as Gradient Echo (GRE) and DWI sequenc-
es. SWI also exhibits high sensitivity for intracrani-
al hemorrhages, particularly chronic microbleeds.
Additionally, DWI on low-field scanners can visualize
acute hemorrhage within infarct zones.

MRI also facilitates bleeding risk assessment. For
instance, thrombolysis is not recommended for pa-
tients with a DWI lesion volume (VDWI) > 100 ml or a
Tmax > 8 sec perfusion lesion volume (VTmax>8s) >
100 ml due to the unacceptably high risk of symptom-
atic intracranial hemorrhage [25].

Thrombectomy in patients with wake-up
stroke

Another treatment option for WUS patients is me-
chanical thrombectomy. Numerous clinical observa-
tions and observational studies have demonstrated
that interventions guided by CT and MRI findings are
becoming increasingly common [37, 38].

An observational study, using a CTP mismatch (de-
fined as NIHSS > 4 and a TTP/CBF ratio > 2] in combi-
nation with large vessel occlusion (LVO) as the prima-
ry criterion, recommended endovascular treatment
for ten WUS patients. Their outcomes were deemed
favorable in 33.3% of cases, with a 3-month modified
Rankin Scale (mRS]) score of < 2. Thrombectomy based
on DWI-PWI mismatch proved effective for treating
both WUS and strokes with a known onset time [39].

Another study conducted in Brazil enrolled WUS
patients with an ASPECTS > 6 and a last known well
time < 24 hours for endovascular therapy, also re-
porting satisfactory outcomes [40].

Interventions based on ASPECTS score were fur-
ther analyzed in another retrospective study, whose
conclusions also confirm their positive impact on clin-
ical outcomes. The authors of the DAWN trial screened
patients for a mismatch between clinical severity and
ischemic core volume, assessed using RAPID soft-
ware [41]. In this trial, patients were stratified into

three cohorts: Cohort A - patients aged >80 years with
NIHSS 10 and core volume <21 mL; Cohort B - pa-
tients aged <80 years with NIHSS 210 and core vol-
ume <31 mL; Cohort C - patients aged <80 years with
NIHSS 220 and core volume <51 mL. After analyzing
90-day functional outcomes (mRS) and stroke-associ-
ated mortality, the authors concluded that thrombec-
tomy combined with standard medical therapy yields
better outcomes than medical therapy alone. A post-
hoc analysis indicated that baseline non-contrast CT
findings and ASPECTS directly influence treatment
results in DAWN patients [42].

A clinical-imaging mismatch (defined as NIHSS >
12 and ASPECTS > 7] was established. Santos T. et
al. used this criterion in their work, leading them to
conclude that thrombectomy is safe and effective in
WUS patients [43].

Arecentre-analysis of the DAWN trial data demon-
strated that endovascular therapy was equally effec-
tive regardless of the witnessed nature of the stroke
onset [44, 45], reinforcing the importance of basing
the decision for endovascular intervention on perfu-
sion imaging findings.

Conclusion
Pharmacological and endovascular treatment of
ACVA in the hyperacute phase has evolved consider-
ably over the past two decades. This progress is at-
tributable to improved patient selection methods, ad-
vances in diagnostic imaging, and greater availability
of modern thrombectomy devices. The presence of
a skilled multidisciplinary team, an optimized work-
flow, rapid diagnostics, and effective treatment strat-
egies enables the delivery of early, targeted therapy.
This approach aims to minimize final infarct volume
and reduce the likelihood of persistent disability.
Recent evidence indicates that approximately one
in five acute ischemic strokes is a wake-up stroke.
According to current guidelines, this patient group
has traditionally been ineligible for thrombolysis.
However, findings from recent studies suggest that
advanced MRI (DWI-FLAIR mismatch] and CT perfu-
sion imaging are pivotal in extending the therapeutic
window for this stroke subtype. The use of these mo-
dalities contributes to improved functional outcomes.
Nevertheless, convincing evidence supporting the
routine application of this approach specifically in
WUS management is still lacking, highlighting the
need for further research in this field.



ISSN: 2311-1623 (Print)
ISSN: 2311-1631 (Online)
http://www.heart-vdj.com

International Heart and Vascular Disease Journal. Volume 13, N2 48, December 2025

27

References

1.

Zhang YL, Zhang JF, Wang XX et al. Wake-up stroke: imag-
ing-based diagnosis and recanalization therapy. J Neurol. 2021
Nov;268(11):4002-4012.

. Muir KW. Treatment of wake-up stroke: stick or TWIST?

Lancet Neurol. 2023 Feb;22(2):102-103. DOI: 10.1016/S1474-
4422(22)00515-4

Sun T, Xu Z, Diao SS et al. Safety and cost-effectiveness
thrombolysis by diffusion-weighted imaging and fluid atten-
uated inversion recovery mismatch for wake-up stroke. Clin
Neurol Neurosurg. 2018; 170:47-52. DOI: 10.1016/j.clineu-
ro.2018.04.027

. Kim TJ, Ko SB, Jeong HG et al. Nocturnal Desaturation in the

Stroke Unitls Associated With Wake-Up Ischemic Stroke. Stroke.
2016;47(7):1748-53. DOI: 10.1161/STROKEAHA.116.013266

. Hong Y, Mo H, Cho SJ, Im HJ. Wake-up ischemic stroke associ-

ated with short sleep duration and sleep behavior: A stratified
analysis according to risk of obstructive sleep apnea. Sleep
Med. 2023; 101:497-504. DOI: 10.1016/j.sleep.2022.11.038

. Reid JM, Dai D, Cheripelli B et al. Differences in wake-up

and unknown onset stroke examined in a stroke registry.Int J

Stroke. 2015;10(3):331-5. DOI: 10.1111/ijs.12388

. Nishikawa H, Miya F, Kitano Y et al. Positional Occlusion of

Vertebral Artery Due to Cervical Spondylosis as Rare Cause of
Wake-up Stroke: Report of Two Cases. World Neurosurg. 2017;
98:877.13-877.€21. DOI: 10.1016/j.wneu.2016.11.071

. Siarnik P, Kollar B, Carnicka Z et al. Association of Sleep

Disordered Breathing with Wake-Up Acute Ischemic Stroke:
A Full Polysomnographic Study. J Clin Sleep Med. 2016;
15;12(4):549-54. DOI: 10.5664/jcsm.5688

. Koo BB, Bravata DM, Tobias LA et al. Observational study of

obstructive sleep apnea in wake-up stroke: the SLEEP TIGHT
study. Cerebrovasc Dis (Basel, Switzerland). 2016; 41(5-
6):233-241. DOI: 10.1159/000440736

. Fu X, Li J, Wu JJ et al. Reduced cortical arousability to noctur-

nal apneic episodes in patients with wake-up ischemic stroke.
Sleep Med. 2020; 66:252-258. DOI: 10.1016/j.sleep.2019.09.007

. Barreto PR, Diniz DLO, Lopes JP et al. Obstructive Sleep Apnea

and Wake-up Stroke — A 12 Months Prospective Longitudinal
Study. J Stroke Cerebrovasc Dis. 2020; 29(5):104564. DOI:
10.1016/j.jstrokecerebrovasdis.2019.104564

. Mohammad Y, Almutlag A, Al-Ruwaita A et al. Stroke during

sleep and obstructive sleep apnea: there is a link. Neurol Sci.
2019; 40(5):1001-1005.D0I: 10.1007/s10072-019-03753-2

. Korostovtseva LS, Bochkarev M.V, Golovkova-Kucherya-

vaya MS, Osipenko S, Sviryaev YuV, Yanishevsky SN. The effect

of sleep-induced respiratory disorders on recovery in patients

Conflict of interest: none declared.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

with wake-up a stroke. Arterial hypertension. 2023; 29 (6): 628-
637. D0I:10.18705/1607-419X-2023-29-6-628-637
Golovkova-Kucheryavaya MS, Yanishevsky SN, Bochkarev MV
et al. Pathogenetic aspects of the relationship between stroke
and sleep breathing disorders. Arterial hypertension. 2022; 28
(3): 224-234. DOI: 10.18705/1607-419X-2022-28-3-224-234
Man H, Xu Y, Zhao Z et al. The coexistence of a patent fora-
men ovale and obstructive sleep apnea may increase the risk
of wake-up stroke in young adults. Technol Health Care. 2019;
27 (1):23-30. DOI: 10.3233/thc-199004

Kamogawa N, Miwa K, Toyoda K et al. Evaluation of Unknown
(EOS)
Thrombolysis for Wake-Up Stroke Versus Non-Wake-Up
Unwitnessed Stroke: EOS
Analysis. Stroke. 2024;
STROKEAHA.123.043358
Barreto AD, Fanale CV, Alexandrov AV et al.

Onset Stroke Thrombolysis Trials Investigators.
Individual Patient Data Meta-

55(4):895-904. DOI:  10.1161/

Prospective,
open-label safety study of intravenous recombinant tissue
plasminogen activator in wake-up stroke. Ann Neurol. 2016;
80(2):211-218. DOI: 10.1002/ana.24700

Aghaebrahim A, Leiva-Salinas C, Jadhav AP et al. Outcomes
after endovascular treatment for anterior circulation stroke
presenting as wake-up strokes are not different than those
with witnessed onset beyond 8 hours. J Neurointervent Surg.
2015; 7(12): 875-880. DOI: 10.1136/neurintsurg-2014-011316
Ma H, Campbell BCV, Parsons MW et al. Thrombolysis guided
by perfusion imaging up to 9 hours after onset of stroke. N Engl
J Med. 2019; 380(19):1795-1803. DOI: 10.1056/nejmoa1813046
Seyhan M, Mackenrodt D, Gunreben | et al. Should IV throm-
bolysis be given in patients with suspected ischemic stroke
but unknown symptom onset and without difusion-weight-
ed imaging lesion?—results of a case-control study. J Stroke
Cerebrovasc Dis. 2020; 29(2):104515. DOI: 10.1016/].jstroke-
cerebrovasdis .2019.104515

Campbell BCV, Ma H, Ringleb PA et al. Extending thromboly-
sis to 4-5-9 h and wake-up stroke using perfusion imaging: a
systematic review and meta-analysis of individual patient data.
Lancet. 2019; 13;394(10193):139-147. DOI: 10.1016/S0140-
6736(19)31053-0

Krebs S, Posekany A, Ferrari J et al. Austrian Stroke Unit
Registry Collaborators. Intravenous thrombolysis in wake-up
stroke: real-world data from the Austrian Stroke Unit Registry.
Eur J Neurol. 2019;26(5):754-759. DOI: 10.1111/ene.13884
Caruso P, Naccarato M, Furlanis G et al. Wake-up stroke and

CT perfusion: efectiveness and safety of reperfusion therapy.



28

Review article

Strutsenko M.V,, Logvinenko R.L., Polyansky V.D. et al.
Modern neuroimaging and reperfusion therapy in the management of wake-up stroke

DOI:10.24412/2311-1623-2025-48-29-37

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Neurol Sci. 2018; 39(10): 1705-1712.
018-3486-z
Feil K, Reidler P, Kunz WG et al. Addressing a real-life prob-

lem: treatment with intravenous thrombolysis and mechanical

DOI: 10.1007/s10072-

thrombectomy in acute stroke patients with an extended time
window beyond 4.5 h based on computed tomography perfu-
sion imaging. Eur J Neurol. 2020 ;27(1):168-174. DOI: 10.1111/
ene.14051

Kim J, Oh SW, Lee HY et al. Efficacy of MRI-based deep learn-
ing algorithm for detecting acute ischemic stroke: evaluation
among diverse readers. Eur Radiol. 2025; 17. DOI: 10.1007/
s00330-025-12137-4

Wei XE, Zhou J, Li WB et al. MRI based thrombolysis for FLAIR-
negative stroke patients within 4.5-6 h after symptom onset. J
Neurol Sci. 2017; 372:421-427. DOI: 10.1016/j.jns.2016.11.010
Lee H, Lee EJ, Ham S et al. Machine Learning Approach to
Identify Stroke Within 4.5 Hours. Stroke. 2020;51(3):860-866.
DOI: 10.1161/STROKEAHA.119.027611

Thomalla G, Simonsen CZ, Boutitie F et al. MRI-guided throm-
bolysis for stroke with unknown time of onset. N Engl J Med.
2018; 16;379(7):611-622. DOI: 10.1056/NEJMo0a1804355
Odland A, Sarvoll P, Advani R et al. Are the current MRI crite-
ria using the DWI-FLAIR mismatch concept for selection of pa-
tients with wake-up stroke to thrombolysis excluding too many
patients? Scand J Trauma Resusc Emerg Med. 2015; 19;23:22.
DOI: 10.1186/513049-015-0101-7

Lassalle L, Turc G, Tisserand M et al. ASPECTS (Alberta Stroke
Program Early CT Score) assessment of the perfusion-difu-
sion mismatch. Stroke. 2016; 47(10): 2553-2558. DOI: 10.1161/
strokeaha.116.013676

Guo C, Bai Q, Zhao Z, Zhang J. Recombinant tissue-type plas-
minogen activator study of wake-up ischemic strokes guided
by rapid MRI. Cerebrovasc Dis (Basel, Switzerland). 2019; 48(1-
2): 85- 90. DOI: 10.1159/000503379

Ho KC, Speier W, Zhang H et al. A machine learning approach
for classifying ischemic stroke onset time from imaging. IEEE
Trans Med Imaging. 2019; 38(7):1666-1676. DOI: 10.1109/
tmi.2019.2901445

LegrandL, Tisserand M, Turc G et al. Fluid-Attenuated Inversion
Recovery  Vascular Hyperintensities-Diffusion-Weighted
Imaging Mismatch Identifies Acute Stroke Patients Most Likely
to Benefit From Recanalization. Stroke. 2016;47(2):424-7. DOI:
10.1161/STROKEAHA.115.010999

Legge J, Graham A, Male S et al. Fluid-attenuated inversion
recovery (FLAIR) signal intensity can identify stroke within 6
and 8 hours. J Stroke Cerebrovasc Dis. 2017; 26(7):1582-1587.
DOI: 10.1016/j.jstro

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Cheng B, Boutitie F, Nickel A et al. Quantitative signal intensi-
ty in fuid-attenuated inversion recovery and treatment efect in
the WAKE-UP trial. Stroke. 2020; 51(1):209-215. DOI: 10.1161/
strokeaha.119.027390

Tsai JP, Albers GW. Wake-up stroke: current understanding.
Top Magn Resonan Imaging TMRI. 2017; 26 (3): 97-102. DOI:
10.1097/rmr.0000000000000126

Rifino N, Filizzolo MG, Sangalli D et al. Thrombectomy for
Wake-Up Stroke in a Patient with Mild Symptoms and in
an Adolescent. Can J Neurol Sci. 2020;47(1):131-133. DOI:
10.1017/¢jn.2019.299

Kahles T, Garcia-Esperon C, Zeller S et al. Mechanical
Thrombectomy Using the New ERIC Retrieval Device Is
Feasible, Efficient, and Safe in Acute Ischemic Stroke: A
Swiss Stroke Center Experience. AJNR Am J Neuroradiol.
2016;37(1):114-9. DOI: 10.3174/ajnr.A4463

Nakiri GS, Castro-Afonso LH, Monsignore LM et al. Experience
on Mechanical Thrombectomy for Acute Stroke Treatment
in a Brazilian University Hospital. J Stroke Cerebrovasc
Dis. 2017;26(3):532-537. DOI:
dis.2016.11.128

10.1016/j.jstrokecerebrovas-

Konstas AA, Minaeian A, Ross IB. Mechanical Thrombectomy
in Wake-Up Strokes: A Case Series Using Alberta Stroke
Program Early CT Score (ASPECTS) for Patient Selection. J
Stroke Cerebrovasc Dis. 2017;26(7):1609-1614. DOI: 10.1016/].
jstrokecerebrovasdis.2017.02.024

Nogueira RG, Jadhav AP, Haussen DC et al. Thrombectomy
6 to 24 hours after stroke with a mismatch between defcit
and infarct. N Engl J Med. 2018; 378(1):11-21. DOI: 10.1056/
NEJMoa170

Bhuva P, Yoo AJ, Jadhav AP et al. DAWN Trial Investigators.
Noncontrast Computed Tomography Alberta Stroke Program
Early CT Score May Modify Intra-Arterial Treatment Effect
in DAWN. Stroke. 2019;50(9):2404-2412. DOI: 10.1161/
STROKEAHA.118.024583

Santos T, Carvalho A, Cunha AA et al. NCCT and CTA-based
imaging protocol for endovascular treatment selection in late
presenting or wake-up strokes. J Neurointervent Surg. 2019;
11(2):200-203.

Jadhav AP, Aghaebrahim A, Jankowitz BT et al. Benefit of
Endovascular Thrombectomy by Mode of Onset: Secondary
Analysis of the DAWN Trial. Stroke. 2019 ;50(11):3141-3146.
DOI: 10.1161/STROKEAHA.119.025795

Li X, Wu L, Xie H et al. Endovascular treatment for ischemic
stroke beyond the time window: A meta-analysis. Acta Neurol
Scand. 2020;141(1):3-13. DOI: 10.1111/ane.13161



