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ARTICLE

Application of non-contrasted computed
tomography and diffusion-weighted imaging
protocols for endovascular treatment
selection in patients with late-presenting or
wake-up strokes

Aplicacao de tomografia computadorizada sem contraste e protocolos de imagem
ponderada em difusao para selecao de tratamento endovascular em pacientes com
acidente vascular cerebral em fase tardia ou ao despertar

Wei MING"#3, Wang SHUYUAN', Ren HECHENG', Ma LIN, Yin LONG'

ABSTRACT

Background: Among patients with acute ischemic stroke with a mismatch between deficit severity and infarct volume, thrombectomy performed
within a 6-24 hours time window has efficacy and safety similar to treatment within 6 hours. However, whether magnetic resonance imaging
with T2 diffusion-weighted imaging (DWI) is feasible remains to be validated. Objective: To investigate prognosis among stroke patients
receiving endovascular treatment (EVT) within 6 hours and 6-24 hours using non-contrasted computed tomography (NCCT) and DWI. Methods:
Overall, 209 anterior-circulation ischemic stroke patients with large-vessel occlusion who underwent EVT were divided into < 6 hours and
6-24 hours groups. Patients presenting symptoms within 6 hours were treated if their NIHSS score was > 7 and ASPECTS score was > 5,
whereas those with wake-up stroke (WUS) or presenting symptoms 6-24 hours after last seen well (WUS/late-presenting stroke, LPS) were
managed if their NIHSS score was>7 and ASPECTS score was > 5. Results: The percentages of patients undergoingintracranial stentingand
intracranial ballooning without stenting significantly differed between two groups (p < 0.001). Grades 0, 1, 2a and 2b recanalization rates did
not differ between the 6 hours and 6-24 hours groups (all p > 0.05). Grade 3 recanalization rate in the 6 hours group was significantly lower
than in the 6-24 hours group (p = 0.043). The 3-month Rankin Scale score did not significantly differ between the two groups (p = 0.629).
Conclusions: EVT is a safe and effective treatment for patients with WUS and LPS selected through NCCT and DWI-based simple imaging.
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RESUMO

Antecedentes: Entre pacientes com acidente vascular cerebral isquémico (AVCI) agudo com divergéncia entre gravidade do déficit e volume
doinfarto,atrombectomiaem 6 a 24 horas tem eficacia e seguranca semelhantes ao tratamento em até 6 horas. Entretanto, a viabilidade da
imagem ponderada em T2 com difusao (DWI) da ressonancia magnética necessita validagéo. Objetivo: Investigar o progndstico de pacientes
com AVCI que recebem tratamento endovascular (EVT) em até 6 horas e de 6-24 horas usando tomografia computadorizada sem contraste
(NCCT) e DWI.Métodos: Duzentos e nove pacientes com AVCI de circulacao anterior submetidos a EVT foram divididos em <6 horas e 6-24 horas.
Pacientes com sintomas até 6 horas foram tratados se NIHSS>7 e ASPECTS > 5; aqueles com AVCl ao despertar (WUS) ou com sintomas entre
6-24 horas da Ultima vez em que foram vistos bem (WUS/AVC de fase tardia, LPS) foram tratados se NIHSS > 7 e ASPECTS > 5. Resultados:
As porcentagens de pacientes submetidos a implante de stent intracraniano e angioplastia intracraniana sem stent diferiram entre os dois
grupos (p <0,001). As taxas de recanalizagéo 0, 1, 2a e 2b nao diferiram entre 6 horas e 6-24 horas (p> 0,05). A taxa de recanalizagéo de grau
3 no grupo 6 horas foi menor do que 6-24 horas (p = 0,043). Pontuacao na Escala Rankin (3 meses) nao foi diferente (p = 0,629). Conclusdes:
EVT é um tratamento seguro e eficaz para pacientes com WUS e LPS selecionados por meio de imagens baseadas em NCCT e DWI.

Palavras-chave: Tratamento Endovascular; Tomografia Computadorizada sem Contraste; Imagem de Difusdo por Ressonancia Magnética;
Acidente Vascular Cerebral.
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INTRODUCTION

Recently, the benefit of selecting patients for endovascular
treatment (EVT) beyond the 6-hour (h) time window using a
tissue-based approach was demonstrated in two randomized
trials'2 The optimal imaging protocol for selecting patients is
under debate, and it is still unknown whether a simpler and
faster protocol might adequately select patients with wake-up
stroke (WUS) and late-presenting stroke (LPS) for EVT.

Recent randomized controlled trials (RCTs) have provided
Class I evidence for the efficacy of mechanical thrombectomy
in acute ischemic stroke patients with large-vessel occlusion
(LVO)®. Endovascular thrombectomy has been widely accepted
as the standard procedure for acute stroke patients with LVO
within the 6 h time window'*. Since publication of the Dawn
and DEFUSE 3 trials"’, the time window for thrombectomy has
been extended to 6-24 h®. However, patient selection relies on
complex CT or MRI perfusion evaluation that was described
in two clinical trials. With the success of nearly a dozen pro-
spective clinical trials demonstrating the efficacy of mechani-
cal thrombectomy, the focus now is on optimizing the decision
to proceed to thrombectomy for the benefit of the individual
patient™. The major advantage of MRI over CT is its capabil-
ity to detect and precisely estimate the volume of the infarct
core’. This precision leads to better individual patient selection.
Precision in measuring the core also makes its other advan-
tage possible: elimination of the need to attempt to measure
the “penumbra’ with imaging. Through using simple method
to screen patients, more patients can be benefited, including
those with wake-up stroke and unknown onset of ischemic
events, especially in developing countries where multiple
imaging is unavailable. A simpler and faster protocol based
on diffusion-weighted imaging (DWI) may adequately select
patients with wake-up stroke (WUS) and late-presenting stroke
(LPS) for EVT™.

The “DWI or CT Perfusion Assessment with Clinical
Mismatch in the Triage of Wake-up and Late-Presenting Strokes
Undergoing Neurointervention with Trevo’ (DAWN) study con-
firmed that patients with acute ischemic stroke with a mismatch
between the severity of the clinical deficit and the infarct volume
who undergo thrombectomy within the 6-24 h time window
have similar efficacy and safety profiles compared with those
treated within 6 h of symptom onset®. However, whether T2
DWI-MRI is feasible remains to be validated.

To resolve this issue, the present study was designed to
investigate the surgical outcomes and clinical prognosis of
stroke patients who underwent EVT interventions within
6 h or in the 6-24 h time window after the onset of relevant
symptoms based upon using both non-contrasted computed
tomography (NCCT) and DWL
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METHODS

Patient grouping

All cases of patients coming to Tianjin Huanhu Hospital
with a late-presenting or wake-up stroke, consisting of an
anterior-circulation ischemic stroke, which was treated using
an endovascular approach at this hospital between January and
November 2018, were retrospectively retrieved from our pro-
spectively maintained stroke database. Wake-up stroke (WUS)
was defined as a stroke occurring during sleep in patients who
were neurologically intact when they went to sleep, such that
they presented symptoms of stroke in the following morning.

Patient selection

The inclusion criteria were that the patients needed to
present with acute ischemic stroke within a 24 h time window
from symptom onset, with the following characteristics: ante-
rior circulation acute ischemic stroke; DWI-ASPECTS score >
5; severe clinical deficits following physician evaluation, with
NIHSS score > 7; large-vessel occlusion (M1, M1-M2 junction
and carotid terminus); and premorbid modified Rankin Scale
(mRS) score of <2.

The exclusion criteria consisted of the following situa-
tions: concurrent myocardial infarction or severe infection
(endocarditis or sepsis); uncontrollable hypertension, defined
as systolic blood pressure > 185 mmHg or diastolic pressure >
110 mmHg; life expectancy of < 90 d before stroke onset; preg-
nancy or lactation; known severe allergy to radiographic con-
trast medium; improvement of NIHSS score > 4 in less than
1 h; and wide mismatch between mean transit time (MTT)
and cerebral blood volume (CBV) imaging. The study proce-
dures were approved by the ethics committee of our hospital.
Written informed consents were obtained from all patients
enrolled in this study.

Decision-making and imaging protocol

The initial NIHSS and Glasgow Coma Scale scores were
assessed by a neurologist. Our stroke triage protocol consists
of non-contrast brain computed tomography (CT) followed
by magnetic resonance angiography (MRA) and MRIL The
MRI protocol consists of diffusion-weighted imaging, FLAIR,
T2* and MRA. Patients were considered to be candidates for
endovascular therapy if they had a relatively small infarct core
on MRI (ASPECTS score > 6), anterior-circulation large vessel
occlusion (internal carotid artery [ICA] or M1 or M2 segment
middle cerebral artery [MCA] occlusion), and National Institutes
of Health Stroke Scale (NTHSS) score of at least 6. Mechanical
thrombectomy was performed by two physicians. Balloon-guide
catheters with flow reversal and distal intracranial catheter
were routinely used in our patients. The primary outcome in
this study was the 3-month mRS score.



RESULTS

Baseline data

Among 102 patients diagnosed with acute ischemic stroke,
40 cases were treated within the 6 h time window and 62 received
treatment within the 6-24 h time window. In the 6 h time win-
dow group, the mean age of these 40 patients was 68.2 + 12.6
years, while it was 70.2 + 11.2 years in the 6-24 h time window
group (P =0.73). The male-to-female ratio did not significantly
differ between two groups (P = 0.79). The proportions of atrial
fibrillation and hypertension in the 6 h time window group
were 35% and 80%, which did not significantly differ from 32%
and 83% in the other group (both P > 0.05). No statistically
significant difference in the NTHSS and ASPECTS scores was
observed between the two groups (both P > 0.05). The details
of the site of occlusion are also illustrated in Table 1.

Surgical approach and revascularization treatment
Regarding the surgical pattern, the proportions of the
patients who received intravenous tissue-type plasminogen
activator (tPA), balloon-guide catheter, stent retriever and
direct aspiration in the 6 h group were calculated as 5.8%, 18.9%,
98.9% and 16.7%. These did not significantly differ from 2.5%,
17.7%, 92.8% and 17.6% in the 6-24 h group (all p > 0.05). The
percentages of the patients treated with intracranial stenting
and intracranial ballooning without stenting differed signifi-
cantly between the two groups (2.1% vs 13.1%, p < 0.001; 0.5%
vs 17.1%, p < 0.001). Grades 0, 1, 2a and 2b recanalization rates

Table 1. Baseline data on 102 enrolled patients.

in the 6 h group were 2.0%, 1.0%, 2.0% and 49.6%, and these did
not significantly differ from the rates of 1.0%, 1.0%, 2.1% and
42.4% in the 6-24 h group (all p > 0.05). The Grade 3 recanaliza-
tion rate in the 6 h group was 29.9%, which was significantly
lower than the rate of 34.3% in the 6-24 h group (p = 0.043). In
addition, the successful reperfusion rate in the 6 h group was
95.0%, which did not significantly differ from the rate of 94.8%
in the other group (p = 0.537), as illustrated in Table 2.

Postoperative complications and clinical prognosis

In terms of postoperative complications, the incidence
rates of no hemorrhage, parenchymal hemorrhage, symp-
tomatic hemorrhage and severe hemorrhage in the 6 h group
were calculated as 84.6%, 1.8%, 2.8% and 2.8%, which did not
significantly differ from 82.7%, 1.1%, 1.9% and 1.9% in the 6-24
h group (all p > 0.05). In the 6 h group, the incidence rate of
subarachnoid hemorrhage was 2.4%, which was significantly
higher than the rate of 2.1% in the 6-24 h group, whereas the
risk of re-occlusion on angiography in the 6 h group was 0%,
significantly lower than the risk of 5.7% in the other group (both
p < 0.05). The median 3-month mRS score in the 6 h group was
2, which did not differ significantly from the score of 3 in the
6-24 h group (p = 0.629). One patient in the 6 h group died and
none in the other group (p = 1.00). The proportion of patients
presenting with good outcomes (mRS < 2) at 3 months in the
6 h group was calculated as 72.9%, which did not differ signifi-
cantly from the proportion of 83.3% in the 6-24 h group (p =
0.063), as demonstrated in Table 3.

Variable 6 h group (n = 40) 6-24 h group (n = 62) P
Age, years (mean + SD) 68.2+12.6 70.2+11.2 0.73
Female (%) 45 (18/40) 37(23/62) 0.79
Atrial fibrillation (%) 35(17/40) 32(20/62) 0.764
Hypertension (%) 80 (32/40) 83 (52/62) 0.68
Smoking (%) 33 (13/40) 35(22/62) 0.47
Hyperlipidemia (%) 20 (10/40) 24(15/62) 0.54
Diabetes (%) 22 (9/40) 19(12/62) 0.78
History of ischemic stroke (%) 8 (3/40) 8(5/62) 0.65
Large artery atherosclerosis 57 (23/40) 53 (33/62) 0.78
Cardio-aortic embolism 20 (8/40) 32(20/62) 0.66
Other causes 2 (1/40) 5(3/62) 0.48
Undetermined causes 20 (8/40) 10 (6/62) 0.55
NIHSS score (mean + SD) 16.3£6.6 13.6£5.2 0.86
ASPECTS score (mean + SD) 7.6+1.6 8.8+1.8 0.78
Occlusion site

M1 28 (70.0%) 45(72.6%)

M2 2 (5.0%) 6(9.7%)

Internal carotid artery 10 (25.0%) 11 (17.7%)

Ming W, et al. NCCT and DWI for endovascular treatment selection in stroke patients.
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Table 2. Comparison of surgical methods and revascularization between the two groups.

Variable 6 h group (n = 40) 6-24 h group (n = 62) P
Intravenous tissue-type plasminogen activator (tPA) 13 (5.8) 4(2.5) 0.093
Balloon guide catheter usage 19(18.9) 17(17.7) 0.213
Stent retriever usage 38(98.9) 59(92.8) 0.221
Direct aspiration usage 2(16.7) 3(17.6) 0.085
Intracranial stenting 9(2.1) 13(13.1) <0.001
Intracranial ballooning without stenting 2(0.5) 17 (17.) <0.001
Number of techniques 1(1-2) 2(2-3) <0.001
Single pass recanalization 28 46 0.085
Grade 0 0(2.0) 0(1.0) 0.778
Grade 1 0(1.0) 0(1.0) 1.00
Grade 2a 2(2.0) 3(27) 0.2283
Grade 2b 8 (49.6) 22 (42.4) 0.655
Grade 3 0(29.9) 7 (34.3) 0.043
Successful reperfusion (grades 2b-3) 8(95.0) 59 (94.8) 0.637
Table 3. Comparison of surgical complications and clinical prognosis between the two groups.
Variable 6 h group (n = 40) 6-24 h group (n = 62) P
No hemorrhage 34 (84.6) 54 (82.7) 0.565
Parenchymal hemorrhage, n (%) 2(1.8) 1(1.0) 0.280
Subarachnoid hemorrhage, n (%) 2(2.4) 2(21) 0.033
Symptomatic hemorrhage, n (%) 1(2.8) 1(1.9) 0.876
Serious hemorrhagic complications 1(2.8) 1(1.9) 0.280
Re-occlusion on repeat angiography 0(0) 2 (5.7) <0.001
Median 3-month modified Rankin Scale (mRS) score (interquartile range) 2(1-4) 3(1-4) 0.629
Good outcomes at 3 months (MRS < 2) 28(72.9) 50 (83.3) 0.063
Mortality, n (%) 1 0 1.00

Imaging outcome evaluation

As illustrated in Figure 1, the FLAIR sequence showed the
hyperintense vessel sign of slow flow syndrome in the left fron-
totemporal region before surgery, whereas slow flow syndrome
was absent after surgery. As shown in Figure 2, preoperative
digital subtraction angiography (DSA) displayed carotid artery
occlusion and postoperative DSA revealed the incidence of
complete recanalization.

DISCUSSION

The “DWI or CT Perfusion Assessment with Clinical
Mismatch in the Triage of Wake-up and Late-Presenting Strokes
Undergoing Neurointervention with Trevo’” (DAWN) trial and
the “Endovascular Therapy Following Imaging Evaluation for
Ischemic Stroke” (DEFUSE 3) trial showed that patient selec-
tion based on perfusion imaging showing salvageable tissue
led to better patient outcomes®. This core infarct volume was
automatically generated by the RAPID software (iSchemia-
View, Redwood City, California, USA), either on MRI diffusion
weighted imaging (DWI)" or on perfusion CT". The recent
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American Heart Association guidelines recommend using the
criteria from these trials for patient selection for thrombectomy
beyond 6 h after last seen well'.

Nevertheless, RAPID or other approved third-party software
is unavailable in most centers in developing countries. The
prospective observational study by Leslie-Mazwi et al. and the
prospective, randomized DAWN trial by Nogueira et al. have
demonstrated that direct imaging of the “penumbra’ is not nec-
essary for successful selection of patients for thrombectomy*.

At present, penumbral imaging is beset by the fundamental
conundrum that there is no generally accepted definition for
this imaging measurement. This lack of definition has led to
adoption of measurements of altered contrast delivery times
(Tmax) or contrast transit times (MTT), and use of DWI/Tmax
or DWI/MTT mismatch for patient selection for thrombec-
tomy. In the presence of a LVO, both oligemic and normally
perfused tissue may exist beyond the infarct core. For example,
a patient with chronic occlusion of a proximal ICA may have
fully compensated normal arterial blood flow but would meet
the criterion of a large “mismatch’” As specifically addressed
in the DAWN trial, a clinical “penumbra,’ i.e., the presence of
a neurological deficit that is not completely explained by the



Figure 1. FLAIR sequence showing slow flow syndrome in the left frontotemporal region (A); whereas in (B), slow flow syndrome is

absent.

infarct core visualized through DWI, is sufficient for proceed-
ing to thrombectomy when there is a small core.

Perfusion imaging using MRI may be useful for assessing
patients with ischemic stroke that is not caused by a LVO.
Patients may present with an acute stroke syndrome due to
occlusion of a small branch vessel that is not visualized through
MRA or CT angiography (CTA). In this circumstance, dynamic
contrast-enhanced perfusion imaging or arterial spin labeling
may reveal a small volume of abnormal perfusion caused by
the small-branch occlusion. These lesions are not amenable to
mechanical thrombectomy.

Several studies have reported using ASPECTS scores instead
of CT perfusion to select patients with wake-up stroke for
thrombectomy, because there is lack of standardization and
validation in acquisition and postprocessing of CT perfusion
protocols. In one study, every patient was shown to experience
a reduction in NIHSS score during hospitalization™.

Santos et al.'® used non-contrast computed tomography
(NCCT) and CTA as the main imaging methods for evaluat-
ing the extent of salvageable brain tissue versus infarct core.
Their study showed that there was no difference in symptom-
atic intracranial hemorrhage, peri-procedural complications or
mortality between the groups. Three-month functional inde-
pendence was similar in both groups (65.1% in WUS/LPS vs
57.0% in < 6h), and no differences were found after adjustment
for confounders. This result was similar to the findings of our
study, although the proportion with a good clinical outcome
was less compared than in the present investigation. The dis-
crepancy between previous studies and ours is reasonable, given

Ming W, et al. NCCT and DWI for endovascular treatment selection in stroke patients.

that DWI was used to exclude patients with large infarct cores,
which is a more reliable method than NCCT ASPECTS scores.

In addition, MRI is unparalleled for detecting the infarct
core. MRI diffusion-weighted imaging (DWI) allows detec-
tion of acute ischemia as early as 30 minutes after the onset,
with high sensitivity and specificity (> 90%). The final infarct
volume, which is an independent predictor of the outcome,
was dependent on the ischemic core and hypoperfusion vol-
umes'”. Stroke volume can be a clinically relevant prognostic
variable for counseling patients and their families regarding
outcomes®. A previous study'® showed that it was more effec-
tive to exclude patients with large core infarctions, with the
exception that MRI was more effective at reducing the rate of
ineffective recanalization. Moreover, Longo et al.*’ used National
Institute of Health Stroke Scale (NIHSS) score on admission
> 8 and MRI-ASPECTS score > 5 as the selection criteria for
patients to undergo mechanical thrombectomy. A favorable
outcome (mRS 0-2) was found in 52.9% of the patients at the
3-month follow-up.

In the present study, patients with WUS were selected
according to strict criteria and subsequently prepared for
thrombectomy using the DWI core infarction findings. The
postoperative outcomes suggested that the procedure was safe
and efficacious, without incidence of spontaneous intracerebral
hemorrhage or perioperative mortality. Regarding postoperative
complications, only one patient presented with symptomatic
intra-cerebral hemorrhage. A trend towards larger reduction in
the NIHSS score in patients with Grade 3 recanalization, com-
pared with those with Grade 2B recanalization, was observed.
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Figure 2. Preoperative digital subtraction angiography (DSA) showing carotid artery occlusion (A); postoperative DSA showing
complete recanalization (B).

This underscored the need for high-quality recanalization in
LVO patients, in clinical practice.

The main limitation of this study is the retrospective analysis.
Pre-thrombectomy MRI screening of patients requires further

Arqg Neuropsiquiatr: 943-949

in-depth clinical trial for verification. Preoperative selection for
thrombectomy using MRI sequences, among patients beyond
the time window; is safe and reliable, and this can achieve a good
outcomes and reduce the incidence of surgical complications.
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