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Abstract

Background: Current guidelines for the treatment of acute
ischemic stroke are mainly based on the time between symp-
tom onset and initiation of treatment. This time is unknown
in patients with wake-up stroke (WUS). We investigated clin-
ical and multimodality CT imaging characteristics on admis-
sion in patients with WUS and in patients with a stroke with
a known onset time. Methods: All patients were selected
from a large prospective cohort study (Dutch acute stroke
study). WUS patients last seen well >4.5 and <4.5 h were sep-
arately compared to patients with a known onset time
<4.5 h. In addition, WUS patients with a proximal occlusion
of the anterior circulation last seen well >6 and <6 h were

separately compared to patients with a known onset time
<6 h and a proximal occlusion. National Institute of Health
Stroke Score, age, gender, history of atrial fibrillation, non-
contrast CT (NCCT) Alberta Stroke Program Early CT Score
(ASPECTS), CT-perfusion abnormalities, proximal occlusions,
and collateral filling on CT angiography were compared be-
tween groups using the Mann-Whitney U test and Fisher’s
exact test. Results: WUS occurred in 149/1,393 (10.7%) pa-
tients. Admission clinical and imaging characteristics of WUS
patients last seen well >4.5 h (n = 81) were not different from
WUS patients last seen well <4.5 h (n = 68). Although WUS
patients last seen well >4.5 h had a significantly lower NCCT
ASPECTS than patients with a known time of stroke symp-
tom onset of <4.5 h (n=1,026), 85.2% had an NCCT ASPECTS
>7 and 75% had a combination of favorable ASPECTS >7 and
good collateral filling. There were no statistically significant
differences between the admission clinical and imaging
characteristics of WUS patients with proximal occlusions last
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seen well >6 h (n = 23), last seen well <6 h (n = 40), and pa-
tients with a known time to stroke symptom onset <6 h (n =
399). Of all WUS patients with proximal occlusions last seen
well >6 h, only 4.3% had severe ischemia (ASPECTS <5), 13
(56.5%) had ASPECTS >7 and good collateral filling. Conclu-
sions: There are only minor differences between clinical and
imaging characteristics of WUS patients and patients who
arrive in the hospital within the time criteria for intravenous
or endovascular treatment. Therefore, CT imaging may help
to identify WUS patients who would benefit from treatment
and rule out those patients with severe ischemia and poor
collaterals. ©2018 S. Karger AG, Basel

Introduction

The current guideline to start treatment with intrave-
nous tissue plasminogen activator (IV-rtPA) for acute
ischemic stroke (AIS) patients is based on the time be-
tween symptom onset and initiation of treatment. Ad-
ministration of IV-rtPA is recommended for patients
with AIS presenting within 4.5 h after symptom onset [1].
In patients with a proximal occlusion of the intracranial
carotid artery up to the M2 branch of the middle cerebral
artery (MCA), endovascular treatment (EVT), such as a
thrombectomy, has been shown beneficial up to 6 h after
symptom onset. If there is moderate to good collateral
filling and a favorable Alberta Stroke Program Early CT
Score (ASPECTS), with a lower limit ranging from 5 to 7,
EVT can be considered up to 12 h after symptom onset
[2]. A recent trial has even shown that patients can be se-
lected for EVT up to 24 h when using MR DWTI or CT-
perfusion (CTP) [3, 4].

Between 8 and 28% of patients with ischemic stroke
notice the symptoms of their stroke when they wake
(wake-up stroke [WUS]) [5-8]. In these patients, the
exact duration of the symptoms is not known and
symptom onset is calculated from the moment when
the patient was last seen well [5]. As a result, most WUS
patients are not eligible for IV-rtPA or EVT [9]. How-
ever, if a patient would wake up because of the stroke,
IV-rtPA or EVT might still be beneficial. Imaging may
help to identify WUS patients who would still benefit
from treatment and rule out patients with already se-
vere ischemia.

The purpose of this study is to compare clinical and
imaging characteristics on admission between WUS pa-
tients and patients who were either eligible for intrave-
nous or endovascular stroke treatment.

Similarities in Wake-Up and Known
Onset Stroke

Methods

Study Population

All patients were selected from a prospective multicenter ob-
servational cohort study in the Netherlands (the Dutch acute
stroke study [DUST]) between May 2009 and August 2013 [10].
Patients, older than 18 years, with symptoms of AIS were included
if they presented to the emergency department within 9 h after
symptom onset and had a National Institute of Health Stroke Score
(NTHSS) of at least 2, or 1 if an indication for IV-rtPA is present
(e.g., isolated aphasia). Patients were excluded if they had an intra-
cranial hemorrhage or another diagnosis that explained the symp-
toms on NCCT, known renal dysfunction, or contrast allergy. All
patients underwent a non-contrast CT (NCCT), CTP and CT an-
giography (CTA) on admission [11]. Thelocal medical ethics com-
mittees of the participating centers approved the study protocol.
All patients or next of kin gave written informed consent, unless a
patient died before consent could be obtained, in that case the need
for consent was waived by the medical Ethics Committee.

For the current study, patients were excluded if it was unclear
whether a patient awoke with stroke symptoms. Patients were also
excluded if the NCCT or CTA could not be evaluated, since these
are the modalities that are frequently used for EVT selection.

Patient Characteristics

Time since symptom onset was determined for all patients. For
patients with WUS, the time since symptom onset was based on
the time since the patient was last seen well.

In all patients, age, gender, previous history of atrial fibrillation,
and NTHSS were recorded. After 3 months, the modified Rankin
Scale was determined. A poor functional outcome was defined as
a modified Rankin score of >2 at 90 day follow-up.

Imaging Protocol

An NCCT and CTP of the brain, and CTA of the cervical and
cerebral arteries, were performed at admission in all patients [10,
11]. Multidetector CT scanners, ranging from 40 to 320 detectors,
were used for all imaging studies (Philips, Siemens, General Elec-
tric, Toshiba).

The NCCT was acquired with 120 kV, 300-375 mAs at a slice
thickness of 0.625 mm and reconstructed at 5 mm.

The CTP was acquired with 80 kV and 150 mAs per rotation at
a slice thickness of 0.625 mm and reconstructed at 5 mm. It involved
successive gantry rotations in cine mode (every 2 s for 50 s and 6 ad-
ditional rotations 30 s apart) during intravenous administration of
40 mL of nonionic contrast material followed by 40 mL of saline with
aflow of 6 mL/s. The CTP coverage ranged from 40 mm to full brain
coverage, including at least the ganglionic and supraganglionic re-
gions to ensure inclusion of the ASPECTS levels [10, 11].

The CTA was acquired from the aortic arch to the vertex at us-
ing 50-70 mL of intravenous contrast followed by 40 mL of saline,
with a flow of 6 mL/s.

Imaging Evaluation

On the NCCT, the ASPECTS score or pc-ASPECTS for poste-
rior circulation strokes was determined [12, 13]. For the analyses,
the pc-ASPECTS was dichotomized with a cutoff value of 7, which
is known to be a discriminator of outcome for patients treated with
intravenous thrombolysis [12], and with a cutoff value of 5, which
has been used in one trial to select patients for EVT [14].
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On the CTP (if available), the Cerebral Blood Volume and Mean
Transit Time was automatically calculated using commercially avail-
able software for CTP (Extended Brilliance Workstation 4.5; Philips
Healthcare) and in-house developed perfusion software applying a
bSVD algorithm [15]. The Cerebral Blood Volume and Mean Tran-
sit Time parameter maps were visually classified using the ASPECTS/
pc-ASPECTS score [16]. The penumbra and infarct core volume
within the whole scan range were quantified with the in-house soft-
ware using a Tmax >6 s for the total ischemic area and a relative ce-
rebral blood flow (CBF) threshold of 30% to differentiate penumbra
from infarct [17, 18].

For all WUS patients and patients eligible for IV-rtPA, it was
determined whether the penumbra size was >20% of the ischemic
area [19].

For all WUS patients and patients with a proximal occlusion of
the anterior circulation eligible for EVT, it was additionally deter-
mined whether the mismatch between the total ischemic area and
the infarct core was more than 1.2 [20] or more than 1.8 [3], and
whether the infarct core volume was <50 mL [4]. Patients with no
perfusion deficit were grouped in the favorable mismatch groups.

On the CTA, the intracranial thrombus location, the clot bur-
den score (CBS), and collateral filling were determined. Proximal
occlusions ranged from the intracranial internal carotid artery to
the M2-branch of the MCA [2]. The CBS was assessed in the ante-
rior circulation of the symptomatic hemisphere by subtracting oc-
cluded vessel segments from the maximum score of 10. For the
analyses, the CBS was dichotomized at 6 [21].

Collateral filling was graded on 10 mm CTA MIP images: 0 =
absent; 1 = <50% filling; 2 = 50-<100% filling; 3 = 100% filling [21].
These scores were dichotomized into 2 categories: poor collateral
filling (0-1) and good collateral filling (2-3). Patients without an
occlusion were considered to have good collateral filling.

All imaging data were analyzed by one of 3 observers (I.C.S.,
B.K.V,, and J.W.D.), all with more than 5 years of experience in
stroke imaging.

Statistical Analysis

WUS patients who were last seen well >4.5 h were compared to
WUS patients last seen well <4.5 h and patients with a known time
of symptom onset <4.5 h, since this is the time limit for IV-rtPA.

Additionally, WUS patients with a proximal occlusion of the
anterior circulation who were last seen well >6 h were compared
to WUS patients with a proximal occlusion last seen well <6 h and
patients with a proximal occlusion and a known time of symptom
onset <6 h, since this is a frequently used time limit for EVT.

Categorical variables were analyzed using Fisher’s exact tests.
The distribution of continuous variables was assessed with the
Kolmogorov-Smirnov normality test. As all the continuous vari-
ables had a non-normal distribution, they were compared using
the Mann-Whitney U test. Numbers and percentages for each vari-
able were calculated. The median and interquartile range was not-
ed for every continuous variable.

Results

Of the 1,393 patients in the DUST, 1,159 (83.2%) had
a known time of stroke symptom onset, 149 (10.7%) had
a WUS, and 85 patients (6.1%) had an unwitnessed day-
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time stroke. These 85 patients were excluded from further
analyses. In addition, 20 patients with known time of
stroke symptom onset were excluded because either the
admission NCCT (n = 1) or CTA (n = 19) imaging data
were insufficient. Of the remaining 1,139 patients with a
known time of stroke symptom onset, 1,026 (90%) were
imaged within 4.5 h and 399 patients (35%) who also had
a proximal occlusion of the anterior circulation were im-
aged within 6 h after symptom onset. Of the 149 WUS
patients, 81 were last seen well >4.5 h. A proximal intra-
cranial occlusion of the anterior circulation was seen in
63 (42%) WUS patients of whom 23 were last seen well
>6 h.

Table 1 shows 2 comparisons: (1) the comparison be-
tween WUS patients imaged within 4.5 h after last seen
well (n = 68) and WUS patients imaged >4.5 h after last
seen well (n = 81), and (2) the comparison between WUS
patients imaged >4.5 h after last seen well and patients
imaged within 4.5 h after a known time of stroke symp-
tom onset (n = 1,026).

WUS Patients Imaged within 4.5 versus >4.5 h after

Last Seen Well

Except for the difference in IV rtPA use and the time
since last seen well, there were no statistically significant
differences in clinical and imaging characterization ad-
mission.

WUS Patients Imaged >4.5 h after Last Seen

Well versus Patients with Known Time of Stroke

Onset <4.5h

The >4.5 h WUS patients were younger (median age
of 65 vs. 69, p = 0.046). The NCCT ASPECTS score was
significantly lower (median ASPECTS of 10 vs. 10, p =
0.001). There was no significant difference in severe isch-
emic changes, with ASPECTS <5 (4.9 vs. 2.4%, p = 0.062).
Of all >4.5 h WUS patients, 69 (85.2%) had NCCT
ASPECTS >7 and 61 (75%) had a combination of favor-
able ASPECTS >7 and good collateral filling (>50% MCA
territory). Of the >4.5 h WUS patients, nearly all (99%)
had a penumbra size >20% of the ischemic area within the
scan range.

Table 2 shows 2 comparisons: (1) the comparison be-
tween WUS patients with a proximal occlusion of the an-
terior circulation imaged <6 h after last seen well (n = 40)
and >6 h (n = 23), and (2) the comparison between >6 h
WUS patients with a proximal occlusion of the anterior
circulation and patients imaged within 6 h after a known
time of stroke symptom onset with a proximal occlusion
of the anterior circulation (n = 399).
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Table 1. Comparison between WUS and patients who had a CT-scan <4.5 h after known symptom onset

<45h >4.5h WUS pvalue* Known onset  p value**
WUS (n=68) (n=281) stroke with
CT <4.5h
(n =1,026)
Age, years, median (IQR) 70 (61-78) 65(56-75)  0.107 69 (58-78)  0.046
Gender, female, n (%) 27 (39.7) 37 (45.7) 0.509 427 (41.6) 0.485
Stroke severity (NIHSS), median (IQR) 7 (3-13) 6 (3-11) 0.610 6 (3-12) 0.832
AF in medical history, n (%) 13 (19.1) 13 (16.0) 0.669 134 (13.1) 0.495
Minutes between last seen well and CT, median (IQR) 135 (135-153) 450 (315-450) 0.000 99 (68-135)  0.000
IV-rtPA, n (%) 33 (48.5) 4(4.9) 0.000 750 (73.1) 0.000
EVT, n (%) 3 (4.5) 4 (4.9) 1.000 67 (6.5) 1.000
Non-contrast CT findings
NCCT ASPECTS, median (IQR) 10 (10-10) 10 (9-10) 0.206 10 (10-10)  0.001
NCCT ASPECTS <7, 1 (%) 9(13.2) 12 (14.8) 0.818 86 (8.4) 0.066
NCCT ASPECTS <5, 1 (%) 2(2.9) 5(4.9) 0.455 25 (2.4) 0.062
CT angiography findings
Proximal occlusion, # (%) 29 (42.6) 34 (42.0) 1.000 382 (37.2) 0.406
Poor collateral filling, n (%) 8(11.8) 10 (12.3) 1.000 135 (13.2) 1.000
CBS, median (IQR) 10 (6-10) 10 (8-10) 0.982 10(8-10)  0.250
Anterior circulation CBS >6, n (%) 50 (73.5) 64 (79.0) 0.445 846 (82.5) 0.450
CT perfusion findings®
CBV ASPECTS <7, n (%) 12 (19.4) 22 (28.3) 0241  215(22.3) 0.261
MTT ASPECTS <7, n (%) 24 (38.7) 35 (45.5) 0491 383 (39.8) 0.336
Penumbra size within scan range, mL, median (IQR) 18.8 (6.3-59.4) 26.1(10.7-51.2) 0.612 23.4 (6.7-58.7) 0.647
Infarct core size within scan range, mL, median (IQR)  26.2 (16.0-50.8) 28.4 (16.7-65.9) 0.623 25.9 (14.3-53.1) 0.363
Penumbra size >20% of ischemic area 0.423
within scan range, n (%) 56 (98) 65 (98.5) 1.000 805 (99.3)
Clinical outcome
mRS >2 after 3 months, n (%) 23 (33.8) 32 (40.0) 0.496 370 (36.6) 0.549

* p value, between WUS last seen well <4.5 and >4.5 h.

** p value, between WUS last seen well >4.5 h and patients with a CT <4.5 h after known symptom onset.

T Number of valid cases varies for the perfusion analyses.

WUS, wake-up stroke; NIHSS, National Institute of Health Stroke Scale of stroke severity; AF, atrial fibrillation; IV-rtPA, intravenous
recombinant tissue plasminogen activator; EVT, endovascular treatment; NCCT, non-contrast CT; ASPECTS, Alberta Stroke Program
Early CT Score; CBS, Clot Burden Score; CBV, cerebral blood volume; MTT, mean transit time; mRS, modified Rankin Score.

There were no statistically significant differences in ad-
mission clinical and imaging characteristics of the 3 groups.
Only 1 (4.3%) of the >6 h WUS patients with a proximal
occlusion had severe ischemia (ASPECTS <5), and 13
(56.5%) had ASPECTS >7 and good collateral filling. Sixty-
one percent of the >6 h WUS patients had a mismatch of
more than 1.2 and 44% a mismatch of more than 1.8.

The differences in NCCT ASPECTS between WUS pa-
tients and patients with a known time of stroke symptom
onset are illustrated in Figure 1.

Figures 2 and 3 show examples of a WUS patient last
seen well >4.5 h with favorable imaging findings for treat-
ment and a patient with known time to symptom onset
<4.5 h with unfavorable imaging findings.

Similarities in Wake-Up and Known
Onset Stroke

Discussion

In the DUST cohort, one in 10 patients woke up with
symptoms of acute stroke. Almost half of the WUS pa-
tients woke up within the established treatment time win-
dow of IV-rtPA treatment and almost two thirds within
a 6 h time window for EVT. Our results show that there
is no difference in admission clinical and imaging char-
acteristics between WUS patients last seen well within the
time limit for IV-rtPA or EVT and WUS patients last seen
well outside of this time window. Compared to patients
with a known time of stroke symptom onset who were
imaged within 4.5 h, WUS patients last seen well >4.5 h
had significantly more ischemic changes on NCCT (low-
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Table 2. Comparison between WUS with a proximal occlusion in the anterior circulation, and patients with a proximal occlusion of the

anterior circulation and a CT <6 h after known symptom onset

<6 h WUS >6 h WUS p Known onset
with proximal ~ with proximal  value* stroke with value**
occlusion occlusion proximal
(n=40) (n=23) occlusion
and CT <6 h
(n = 399)
Age, years, median (IQR) 65.4 (53-75) 65 (53-72) 0.648 69 (59-79) 0.112
Gender, female, 1 (%) 1 (42.5) 12 (52.2) 0.600 176 (44.1) 0.520
Stroke severity (NIHSS), median (IQR) 12 (9-18) 12 (8-18) 0.943 13 (7-17) 0.996
AF in medical history, n (%) 10 (25) 2 (8.7) 0.183 61 (15.3) 0.553
Minutes between last seen well and CT, median (IQR) 135 (135-297) 450 (450-450) 0.000 86 (61-135)  0.000
IV-rtPA, 1 (%) 20 (50) 1(4.3) 0.000 313 (78.4) 0.000
EVT, n (%) 3(7.5) 2 (8.7) 1.000 55 (13.8) 1.000
Non-contrast CT findings
NCCT ASPECTS, median (IQR) 9 (7-10) 10 (7-10) 0.807 10 (8-10) 0.378
NCCT ASPECTS <7, 1 (%) 11 (27.5) 7 (30.4) 1.000 84 (21.2) 0.302
NCCT ASPECTS <5, 1 (%) 5(12.5) 1(4.3) 0402 24 (6.0) 1.000
CT angiography findings
Poor collateral filling, n (%) 12 (30) 3(13.0) 0.218 116 (29.1) 0.150
CBS, median (IQR) 6 (4-8) 7 (5-8) 0612  7(6-9) 1.000
Anterior circulation CBS >6, n (%) 16 (40) 12 (52.2) 0.433 185 (53.6) 0.517
CT perfusion findings’
CBV ASPECTS <7, n (%) 18 (48.6) 14 (63.6) 0.293 200 (53.9) 0.510
MTT ASPECTS <7, 1 (%) 30 (83.3) 22 (100) 0.073 336 (90.6) 0.242
Penumbra size within scan range, mL, median (IQR) 56.8 (19.2-95.2) 41.2 (26.3-71.8) 0.595 55.2(28.4-92.7) 0.902
Infarct core size within scan range, mL, median (IQR) 44.4 (24.6-64.4) 35.4(25.4-74.5) 0.891 42.5(22.6-81.9) 0.284
Infarct core <50 mL within scan range, n (%) 20 (55.6) 10 (55.6) 1.000 178 (57.4) 1.000
Infarct core <70 mL within scan range, n (%) 28 (77.8) 12 (66.7) 0.512 216 (69.7) 0.795
Ischemic area/core mismatch >1.2 within scan range, n (%) 24 (66.7) 11 (61.1) 0.766 237 (76.5) 0.159
Ischemic area/core mismatch >1.8 within scan range, n (%) 13 (36.1) 8 (44.4) 0.569 158 (51.0) 0.635
Clinical outcome
mRS after 3 months >2, 1 (%) 22 (55.0) 12 (52.2) 1.000 207 (52.4) 1.000

* p value, between WUS with a proximal occlusion last seen well <6 and >6 h.
** p value, between WUS with a proximal occlusion last seen well >6 h and patients with a proximal occlusion and a CT <6 h after

known symptom onset.
T Number of valid cases varies for the perfusion analyses.

WUS, wake-up stroke; NIHSS, National Institute of Health Stroke scale of stroke severity; AF, atrial fibrillation; IV-rtPA, intravenous
recombinant tissue plasminogen activator; EVT, endovascular treatment; NCCT, non-contrast CT; ASPECTS, Alberta Stroke Program
Early CT Score; CBS, Clot Burden Score; CBV, cerebral blood volume; MTT, mean transit time; mRS, modified Rankin Score.

er ASPECTS). However, the majority (75%) of WUS pa-
tients had a favorable ASPECTS and good collateral fill-
ing on CTA. This suggests that they may benefit from
IV-rtPA treatment. No significant differences were seen
when comparing WUS patients with a proximal occlu-
sion of the anterior circulation last seen well >6 h to pa-
tients with a proximal occlusion and CT imaging within
6 h after a known time of stroke symptom onset, that is,
eligible for EVT. More than half (57%) of the WUS pa-
tients with a proximal occlusion who were last seen well
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>6 h had favorable imaging characteristics, with only mi-
nor ischemic changes (ASPECTS >7) and good collateral
filling. Our findings suggest that CT imaging can be used
to select WUS patients that are potential candidates for
IV-rtPA or EVT.

In a previous study, no significant differences were
shown in clinical features between patients with a WUS
and patients with a known onset time of their stroke [5,
6,9, 21, 22]. In another study, WUS patients were not at
increased odds for unfavorable functionality or in-hospi-
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Fig. 1. Spread of pc-ASPECTS: (a) patients with symptom onset
within 4.5 h before imaging and >4.5 h WUS patients; (b) patients
with symptom onset within 6 h before imaging and a proximal an-

CBF, mL/100 g/min

Fig. 2. Fifty-one-year-old male patient WUS patient last seen well
7.5 h before imaging. a The NCCT showed some hypodensity in
the left temporal lobe (red oval) with ASPECTS 9. b The CTA
showed collateral filling of >50% of the MCA flow territory (red
oval) and an occlusion in the distal M1 segment (not shown). The
CTP showed (c) a large area with an increased Tmax (red oval),
and (d) a smaller area with decreased CBF (red oval). The CTP

Similarities in Wake-Up and Known
Onset Stroke

terior circulation occlusion and >6 h WUS patients with a proxi-
mal anterior circulation occlusion. ASPECTS, Alberta Stroke Pro-
gram Early CT Score; WUS, wake-up stroke.
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summary map (e) shows the area of Tmax >6 s (green) and the area
of >30% relative CBF decrease (red). The patient was not treated
with IV-rtPA but showed good recovery with a 90-day mRS of 2.
WUS, wake-up stroke; NCCT, non-contrast CT; ASPECTS, Al-
berta Stroke Program Early CT Score; CTA, CT angiography;
MCA, middle cerebral artery; CTP, CT-perfusion; IV-rtPA, intra-
venous tissue plasminogen activator; mRS, modified Rankin Scale.
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Fig. 3. Eighty-six-year-old female patient imaged within 4.5 h after
symptom onset. a The NCCT showed a large hypodense area (red
oval) in the right hemisphere with ASPECTS 1. b The CTA showed
poor collateral filling (red oval) and a proximal occlusion in the
distal ICA and M1 segment (different slice). The CTP showed (c)
alarge area with an increased Tmax (red oval), and (d) alarge area
with decreased CBF (red oval). The CTP summary map (e) shows

tal mortality after adjustment for age, NIHSS score on
admission, and IV-rtPA use [5]. In one study comparing
patients imaged within 4.5 h after symptom onsetin WUS
patients, WUS patients had lower pc-ASPECTS scores
comparable to our results [22]. Studies that compared
WUS patients to patients with a known time to symptom
onset of <3 h showed no difference in ischemic changes
on NCCT findings [9, 23]. The WUS patients underwent
imaging at a mean of 7.5 h after last seen well. An addi-
tional comparison between WUS patients and patients
with unknown onset time showed that WUS patients
have significantly less ischemic changes than patients
with an unknown time of stroke onset [23]. This differ-
ence suggests that the stroke in WUS patients has only
just occurred and caused the patient to wake up. The time
since symptom onset may therefore be highly overesti-
mated in WUS patients when using the time since the
patient was last seen well. Our findings support this hy-
pothesis.

A recent study selected WUS patients with a small in-
farct core and a penumbra size >20% of the ischemic area
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Tmax >6 s
Relative CBF >30%

the area of Tmax >6 s (green) and the area of >30% relative CBF
decrease (red). The patient was treated with IV-rtPA and died
within 90 days. NCCT, non-contrast CT; ASPECTS, Alberta
Stroke Program Early CT Score; CTA, CT angiography; ICA, in-
tracranial carotid artery; CTP, CT-perfusion; IV-rtPA, intrave-
nous tissue plasminogen activator.

on CTP for IV-rtPA treatment [19]. The investigators
compared safety of IV-rtPA therapy and clinical outcome
between WUS patients and patients treated with IV-rtPA
within 4.5 h of symptom onset [19]. There was no sig-
nificant difference in functional outcome after 3 months
or in incidence of intracranial hemorrhage between the
2 groups. Nearly all of our >4.5 h WUS patients had a
penumbra size >20% (98.7% at the ASPECTS levels and
98.5% within the whole scan range) and therefore may
have been eligible for IV-rtPA.

Several randomized trials have recently shown benefit
of EVT in patients with a proximal occlusion (intracra-
nial carotid artery-M2). Three of these trials used the
ASPECTS as an additional inclusion criterion for treat-
ment selection, with two of them including patients with
an ASPECTS >5 and one with ASPECTS >6 [14, 24, 25].
Only the MR CLEAN trial did not use additional imaging
criteria. A subgroup analysis of MR CLEAN showed that
NCCT ASPECTS 5-7 patients can be safely treated with
EVT [26]. According to these results, the vast majority of
the WUS patients with a proximal anterior circulation oc-
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clusion in our study (96% with ASPECTS >5) would have
been eligible for EVT. Several trials used perfusion imag-
ing as an imaging inclusion criterion [4, 20, 24]. Two
studies included patients for EVT randomization if the
mismatch ratio between critical hypoperfusion and the
infarct core was more than 1.2 [4, 20] and another with a
mismatch of more than 1.8 [3]. Of the >6 h WUS patients
with a proximal occlusion in our study, 61 and 44% ful-
filled these criteria, and therefore would be eligible for
EVT. The third study used an infarct core of <50 mL on
CTP as an inclusion criterion for patients with an M1 oc-
clusion arriving within 24 h after symptom onset. In our
population, 56% of WUS patients last seen well >6 h had
an infarct core volume <50 mL. Our volume estimates
were however limited to the scan range and may therefore
be an underestimation.

Our data were collected before the general application
of EVT. Surprisingly, EVT and clinical outcome were not
different between WUS patients with a proximal occlu-
sion of the anterior circulation and last seen well >6 h and
patients with a proximal occlusion and CT imaging with-
in 6 h after known symptom onset. With current guide-
lines, many more patients with a proximal occlusion
would have been treated with EVT within and beyond 6 h
after symptom onset.

An important strength of our study is the size of this
prospectively collected cohort. All patients underwent
NCCT, CTA, and CTP at admission and structured clin-
ical evaluation. Patients who were last seen well >9 h
were excluded. This may explain why we found a rela-
tively low time between last seen well and CT for the
WUS patients and a relatively low percentage of WUS
patients compared to other cohorts [7]. However, the
cohort most similar to ours also found similar results
[23].

There are several limitations to the study that need to
be taken into account. First, the comparisons in the
study between WUS patients and patients with a known
onset time of stroke symptoms was based on anamnestic
determination of the time since last seen well. This may
have introduced some error, as seen in the estimated
times of the WUS patients in the 6-9 h group. Second,
for some variables, the number of patients with a posi-
tive finding was low, especially in the analyses of patients
with a proximal occlusion. This may also introduce a
source of error. Third, a large part of the included pa-
tients did not show imaging abnormalities on admis-
sion. This could imply that TIA and stroke mimics were
included. However, all patients included in the analysis
had an NIHSS at baseline of 22 or 1 if an indication for

Similarities in Wake-Up and Known
Onset Stroke

IV-rtPA is present (e.g., isolated aphasia) [10]. They
therefore had suspected stroke and an indication for
IV-rtPA. Moreover, the detection of ischemia on CT
perfusion is not 100%; small infarcts and infarcts outside
the scan range can be missed [27]. Since this is true for
the entire study population, it should not have influ-
enced the analyses.

Conclusions

There were only small differences between clinical and
imaging characteristics of WUS patients and patients
with a known onset time of stroke symptoms. This sup-
ports the hypothesis that patients with WUS may wake up
from their stroke symptoms. Most WUS patients have
only limited ischemic findings (ASPECTS >7) and good
collaterals, which may make them eligible for IV-rtPA
treatment. Most WUS patients with a proximal anterior
circulation occlusion have good collateral filling and no
severe ischemia (ASPECTS <5) and may therefore be eli-
gible for EVT.
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