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Background and Purpose  The recent successes of the DAWN and DEFUSE 3 trials have 
extended the therapeutic time window for endovascular treatment (EVT). Accordingly, an in-
creased care burden and clinical benefit for patients with acute stroke in the emergency room 
are expected. It is necessary to evaluate and respond to these changes in order to provide the 
best care to patients. 
Methods  Data of patients with acute stroke or transient ischemic attack treated at Seoul Na-
tional University Hospital between October 2010 and September 2016 were reviewed. To esti-
mate the increased workload associated with the revised guidelines, clinical candidates of 
acute stroke based on the initial history and examination findings and eligible patients for early 
stroke intervention were selected. Additionally, the data of eligible patients who received EVT 
more than 6 hours after the onset were reviewed.
Results  The serial addition of intravenous thrombolysis, EVT within 6 hours, and EVT be-
yond 6 hours to the guidelines resulted in 506 (19.8%), 588 (23.0%), and 718 (28.0%) clinical 
candidates, respectively, and 329 (12.8%), 365 (14.3%), and 389 (15.2%) eligible patients out of 
2,561 patients with stroke. Compared to applying the previous stroke guidelines, the number 
of clinical candidates increased by 130 (22.1%), whereas the number of eligible patients for 
early stroke intervention increased by only 24 (6.6%). Seven of the 24 eligible patients received 
off-label EVT and showed significantly improved neurological outcomes at discharge.
Conclusions  Notwithstanding the small number of subjects in this study, providing EVT to 
eligible patients beyond 6 hours may improve their neurological outcomes.
Key Words  ‌�stroke, endovascular procedures, thrombectomy, emergency medical services, 

healthcare costs.

The Clinical Benefit and Care Burden of Extending 
the Window of Endovascular Thrombectomy for Stroke 
in the Emergency Room

INTRODUCTION

The paradigm for the early management of acute ischemic stroke is changing rapidly. In-
travenous recombinant tissue plasminogen activator (rtPA) has emerged as a powerful 
treatment option for ischemic stroke patients within 4.5 hours of the onset.1,2 However, the 
number of patients with acute stroke that benefitted from intravenous rtPA was not much 
higher than expected, owing to the narrow time window, the presence of contraindications, 
and the relatively low recanalization rate for large-artery occlusion.3 The development of 
stent-retriever devices has been another innovation in the treatment of acute ischemic 
stroke. Serial randomized controlled trials have demonstrated the efficacy and safety of en-
dovascular treatment (EVT) using stent-retriever devices in acute ischemic stroke patients 
with large-artery occlusion within 6 hours of the onset.4-10 In addition, the recent successes 
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of the DAWN and DEFUSE 3 trials have extended the time 
window of EVT to beyond 6 hours from the onset.11,12 The 
Class I recommendation in the American Heart Association/
American Stroke Association guidelines now includes apply-
ing EVT to selected patients with ischemic stroke presenting 
more than 6 hours after the last known normal (LKN) 
time.13 

The increasing diversity of the available options for early 
intervention in acute stroke is expected to increase the role 
of neurologists and the demand for medical resources in the 
emergency room. To evaluate the workload increase in the 
emergency room and clinical benefit with this paradigm 
shift in the acute stroke care, we reviewed and selected clini-
cal candidates and eligible patients for early intervention ac-
cording to the changing guidelines among patients with acute 
stroke or transient ischemic attack (TIA) treated at Seoul Na-
tional University Hospital between 2010 and 2016.

METHODS

Data collection 
Based on the prospective stroke registry of Seoul National 
University Hospital, we reviewed clinical, laboratory, and 
radiological information of patients diagnosed with acute 
stroke or TIA within 7 days from the onset between October 
2010 and September 2016. The following baseline demo-
graphic and clinical data were collected: age, sex, stroke risk 
factors [hypertension, diabetes, hyperlipidemia, previous 
history of stroke, habitual smoking (current or past), and 
atrial fibrillation], use of antithrombotic drugs, National In-
stitutes of Health Stroke Scale (NIHSS) score at admission, 
premorbid modified Rankin Scale (mRS) score, and LKN time. 
The subtype of stroke was assessed based on the findings of 
CT or MRI, and cases of ischemic stroke were further classified 
according to the Trial of ORG 10,172 in Acute Stroke Treat-
ment (TOAST) classification with minor modifications. The 
NIHSS score at discharge was assessed by experienced neurol-
ogists, while the 3-month mRS score was documented through 
an outpatient clinic evaluation or telephone interview in all 
patients. Intravenous rtPA (Actilyse, Boehringer-Ingelheim, 
Ingelheim, Germany) was administered to patients who were 
eligible according to the current guideline, and EVT was per-
formed according to the clinical guidelines and institutional 
protocols in effect at the time of presentation. The study was 
approved by the Institutional Review Board at Seoul National 
University Hospital (IRB No. H-1804-027-934), which waived 
the need for obtaining informed consent. 

Neuroimaging investigations
Between October 2010 and August 2015, patients with acute 

stroke or TIA diagnosed within 6 hours of the first known 
abnormal (FKA) time initially underwent precontrast brain 
CT. If no evidence of bleeding was detected, brain MRI with 
diffusion-weighted imaging (DWI), perfusion-weighted im-
aging (PWI), and magnetic resonance angiography (MRA) 
were performed to further evaluate the need for EVT. Brain 
DWI and MRA scans were examined for patients diagnosed 
more than 6 hours after the FKA time. 

Between September 2015 and September 2016, brain CT 
with CT angiography and CT perfusion imaging were first 
performed for patients within 8 hours of the FKA time. EVT 
was then applied if there was any indication in the CT find-
ings. Patients with ischemic stroke not eligible for EVT were 
further assessed using brain MRI with DWI and MRA.

Selection of clinical candidates and eligible patients
As described above, three milestones led to paradigm shifts in 
the early management of acute ischemic stroke: intravenous 
rtPA, EVT with a stent retriever within 6 hours, and EVT 
with a stent retriever beyond 6 hours. To estimate the chang-
es in workload associated with the available treatment op-
tions for stroke patients, we set three categories according to 
these milestones: category 1, intravenous rtPA; category 2, 
EVT with a stent retriever within 6 hours; and category 3, 
EVT with a stent retriever beyond 6 hours. Clinical candi-
dates were defined as patients who might be eligible for intra-
venous thrombolysis or EVT immediately after history-taking 
and a neurological examination. When a clinical candidate en-
ters the emergency room, serial preparations including pa-
tient placement, assigned medical staff, and medications for 
intravenous rtPA or EVT should be made in case emergency 
treatment is required.

A critical pathway is implemented at Seoul National Uni-
versity Hospital for acute stroke patients who enter the emer-
gency room. When a patient with stroke symptoms such as 
hemiparesis, dysarthria, or mental change within 8 hours of 
the FKA time enters the emergency room, a primary evalu-
ation is performed immediately by an emergency physician. 
If acute stroke is still suspected in this evaluation, the emer-
gency physician contacts the duty neurologist directly, who 
then promptly reassesses the patients and determines whether 
to perform neuroimaging and an early stroke intervention. 
This constitutes the beginning of an increased workload in 
the emergency room, and therefore the clinical candidate 
might be the most appropriate indicator for estimating the 
care burden of acute stroke in the emergency room. 

Patients were defined as being eligible for EVT when lab-
oratory and neuroimaging inclusion/exclusion criteria listed 
on the stroke guidelines and the institutional protocol at the 
milestone points were additionally applied. Clinical candi-
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dates and eligible patients were selected from among the pa-
tients with acute stroke or TIA from the stroke registry ac-
cording to the criteria for each category (Table 1). 

In the DAWN and DEFUSE 3 trials, the mismatch be-
tween the infarct volume and the clinical deficit or perfusion 
was evaluated using automated RAPID software (iSchema-
View, http://www.i-rapid.com/home).11,12 Since this software 
is currently not widely available in clinical settings in Korea, 
we defined patients with an initial NIHSS score of more than 
10 and an infarct volume of less than 1/3 of the middle cerebral 
artery territory in DWI or the cerebral blood volume (CBV) in 
perfusion CT as an infarct volume-clinical mismatch. Patients 
were considered as having an infarct volume-perfusion mis-
match if a mismatch was detected by experienced neurolo-

gists between the Tmax value from PWI/CT perfusing im-
aging and DWI/CBV imaging.

Review of off-label EVT cases among category 3 
patients
Applying EVT with the extended indication according to the 
results of the DAWN and DEFUSE 3 trials requires data 
from real-world patients. Before the inclusion of EVT after 6 
hours as the Class I recommendation in the stroke guidelines, 
Seoul National University Hospital had applied off-label EVT 
to selected patients beyond 6 hours from the onset in the 
presence of a diffusion-clinical or diffusion-perfusion mis-
match at the discretion of the clinicians and intervention 
neuroradiologists. We reviewed the data of patients who had 

Table 1. Criteria for selecting clinical candidates and eligible patients in each category

Clinical candidates Eligible patients References
Category 1 1. Age ≥18 years

2. LKN time <3 hours
3. LKN time 3–4.5 hours except for

1) Age >80 years
2) Taking an oral anticoagulant
3) NIHSS score >25
4) History of both stroke and diabetes

4. No known history of 
1) ‌�Head trauma or stroke within previous 3 

months
2) ‌�Noncompressible arterial puncture within 

previous 7 days
3) Any intracranial hemorrhage
4) ‌�Intracranial neoplasm, arteriovenous 

malformation, or aneurysm

1. ‌�All criteria for clinical candidates should be 
met

2. Platelet count ≥100,000 cells/μL
3. INR ≤1.7 if taking warfarin
4. Glucose ≥50 mg/dL
5. No evidence of hemorrhage in initial CT 
6. CT hypodensity <1/3 of cerebral hemisphere

AHA/ASA stroke guidelines 
(2007)14

AHA/ASA science advisory 
(2009)2

Category 2 1. Age ≥18 years
2. LKN time <6 hours
3. NIHSS score ≥6
4. Premorbid mRS score 0 or 1

1. ‌�All criteria for clinical candidates should be 
met

2. Ischemic stroke with ICA or M1 occlusion
3. CT ASPECTS ≥6

AHA/ASA stroke 
guidelines (2015)10

Category 3 
(infarct volume– 
clinical mismatch)

1. Age ≥18 years
2. LKN time 6–24 hours
3. NIHSS score ≥10
4. Premorbid mRS score 0 or 1

1. ‌�All criteria for clinical candidates should be 
met

2. ‌�No evidence of hemorrhage in initial CT or 
MRI

3. Infarct volume ≤1/3 of MCA territory

AHA/ASA stroke 
guidelines (2018)13

DAWN trial12

Category 3 
(infarct volume– 
perfusion mismatch)

1. Age 18–85 years
2. LKN time 6–16 hours
3. NIHSS score ≥6
4. Premorbid mRS score 0–2
5. ‌�Patients treated with intravenous rtPA beyond 

4.5 hours

1. ‌�All criteria for clinical candidates should be 
met

2. Platelet count ≥50,000 cells/μL
3. INR ≤3 if taking warfarin
4. Glucose 50–400 mg/dL
5. ‌�No evidence of hemorrhage or brain tumor 

in initial CT 
6. CT ASPECTS ≥6

AHA/ASA stroke 
guidelines (2018)13

DEFUSE 3 trial11

AHA: American Heart Association, ASA: American Stroke Association, ASPECTS: Alberta Stroke Program Early CT Score, ICA: internal carotid artery, 
INR: international normalized ratio, LKN: last known normal, M1: middle cerebral artery from the origin to the bifurcation/trifurcation, MCA: middle 
cerebral artery, mRS: modified Rankin Scale, NIHSS: National Institutes of Health Stroke Scale, rtPA: recombinant tissue plasminogen activator.
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received off-label EVT among eligible patients based on the 
2018 updated recommendation for EVT beyond 6 hours. 
EVTs were performed by skilled intervention neuroradiolo-
gists using stent-retriever devices. Groin puncture times were 
collected and the modified treatment in cerebral infarction 
scores were assessed based on pre- and posttreatment conven-
tional angiography images. Demographic factors, stroke risk 
factors, antithrombotic agent use, TOAST classification, ini-
tial and discharge NIHSS scores, and premorbid and 3-month 
mRS scores were obtained from the stroke registry. 

Statistical methods
Baseline demographic and clinical parameters of category 3 
patients depending on EVT were analyzed using the Wilcox-
on rank-sum test or chi-square test, as appropriate. Two-sided 
probability values <0.05 were considered statistically signifi-
cant. Statistical analyses were performed using R statistical 
software (version 3.4.3, R Foundation for Statistical Comput-
ing, Vienna, Austria).

RESULTS

Between October 2010 and September 2016, 2,561 patients 
were admitted to Seoul National University Hospital with 
acute stroke or TIA within 7 days from the onset. Their base-
line characteristics and clinical outcomes are presented in 
Table 2. 

The number of potential target patients for early stroke 
intervention (i.e., intravenous rtPA or EVT) gradually in-
creased as the guidelines changed. Of 2,561 patients with 
stroke, the numbers of clinical candidates for early stroke in-
tervention set for estimating care burden were 506 (19.8%), 
588 (23.0%), and 718 (28.0%) as the criteria for categories 1, 
2, and 3, respectively, were serially added. The numbers of 
eligible patients for early stroke intervention after the initial 
laboratory and neuroimaging studies in the emergency room 
were 329 (12.8%), 365 (14.3%), and 389 (15.2%), respectively 
(Fig. 1A). The new stroke guidelines announced in 2018. in-
creased the number of clinical candidates by 130 and the num-
ber of eligible patients by 24 for early stroke intervention, 
which represent increases of 22.1% and 6.6% compared to the 
588 and 365 patients, respectively, selected by applying the 
previous guidelines. 

Seven of the 24 eligible category 3 patients received off-
label EVT with stent-retriever devices. None of them re-
ceived intravenous rtPA. No significant differences in the ini-
tial NIHSS score were detected between the EVT and non-
EVT groups. However, at discharge, the NIHSS score was 
significantly lower in the EVT group than in the non-EVT 
group (Fig. 1B, Table 3). Baseline demographic data and pre- 

and posttreatment clinical information of category 3 patients 
who had received EVT are presented in Table 4.

DISCUSSION

The updated stroke guidelines increased the number of clin-
ical candidates by 130 (22.1%) and the number of eligible 
patients by 24 (6.6%) for early stroke intervention compared 
to the previous guidelines. There was an appreciable increase 
in workload associated with the clinical candidates, whereas 
the increase in the eligible population was considerably smaller. 
Nonetheless, patients who received off-label EVT within 6–24 
hours showed notably improved clinical outcomes in the pres-
ent study. 

The paradigm for the early management of acute stroke is 
changing with the rapid recent advances in EVT techniques 
using stent-retriever devices. Candidates for intravenous 

Table 2. Baseline characteristics and clinical outcomes of patients 
included in the study

Patients with acute stroke 
or TIA (n=2,561)

Age, years 69 [59–76]

Sex, male 1,537 (60.0)

Hypertension 1,805 (70.7)

Diabetes 796 (31.2)

Hyperlipidemia 827 (32.5)

Previous stroke history 400 (15.8)

Ever smoked 941 (37.1)

Atrial fibrillation 416 (17.1)

Antithrombotic use 822 (32.1)

Premorbid mRS score 0 [0–1]

Initial NIHSS score 3 [1–6]

Last known normal time, hours 15.1 [4–43.3]

Stroke subtype

Hemorrhagic 128 (5.0)

Ischemic 2,278 (88.9)

LAA 742 (32.4)

SVO 455 (19.9)

CE 559 (24.4)

OD 201 (8.8)

UD 332 (14.5)

TIA 155 (6.1)

Discharge NIHSS score 4 [3–25]

3-month mRS score 1 [0–3]

3-month functional independence* 1,891 (73.8)

Data are n (%) or median [interquartile range] values.
*3-month mRS score 0–2.
CE: cardioembolism, LAA: large-artery atherosclerosis, mRS: modified 
Rankin Scale, NIHSS: National Institutes of Health Stroke Scale, OD: 
other determined, SVO: small-vessel occlusion, TIA: transient ischemic 
attack, UD: undetermined.
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rtPA or EVT should be evaluated and treated as soon as pos-
sible in order to achieve better neurological outcomes. This 
means that special attention is needed when these patients 
are evaluated in the emergency room. Many Korean centers 
now operate a critical pathway for clinical candidates of acute 
stroke. In the present study, the number of clinical candidates 
who need careful investigations for early stroke intervention 
increased by 22.1% following the most-recent update of the 
stroke guidelines. Once a clinical candidate enters the emer-
gency room, several healthcare workers (i.e., at least two 
emergency medicine doctors, two neurologists, one patient 
transporter, two nurses, and two radiological technologists 
in Seoul National University Hospital) should immediately 
become involved in the critical pathway for the patient. In ad-
dition, clinical candidates should receive emergency brain im-
aging to determine whether they are suitable for an early stroke 
intervention. 

The time and cost required for these urgent neuroimaging 
studies are also expected to increase considerably, which 
might delay the application of imaging studies and appropri-
ate treatment to patients who have been waiting in the emer-

gency room due to diseases other than stroke. The workload 
for acute stroke care in the emergency room is therefore ex-
pected to increase significantly. However, the application of 
the new guidelines resulted in the number of actual patients eli-
gible for early stroke intervention increasing by only 24 (6.6%). 
This suggests that compared to the increase in the acute stroke 
care burden, the additional number of beneficiaries resulting 
from applying the new guidelines might be modest. 

Seven patients who received off-label EVT showed im-
proved NIHSS scores at discharge, and more than half of them 
achieved long-term functional independence, which is simi-
lar to the rate reported for the DAWN and DEFUSE 3 trials. 
The present study provides further evidence that the rec-
ommendations of the DAWN and DEFUSE 3 trials can be 
applied to real-world eligible patients and lead to improved 
clinical outcomes, although the number of additional recipi-
ents for early stroke intervention might be small. Future stud-
ies should evaluate whether the improved clinical outcomes of 
a relatively small number of beneficiaries will outweigh the 
increase in workload when the time window of EVT is ex-
panded according to the new guidelines. The staffing and fi-

Fig. 1. The number of beneficiaries of EVT was increased and EVT beyond 6 hours from onset improved neurological outcomes of selected patients. 
A: Clinical candidates and eligible patients selected by the criteria for categories 1, 2, and 3; 506 (19.8%) of 2,561 patients were designated as cate-
gory 1 clinical candidates, and 588 (23.0%) patients were clinical candidates who met the criteria for category 1 or 2. The number of clinical candi-
dates satisfying at least one of the criteria for category 1, 2, or 3 was 718 (28.0%). Totals of 329 (12.8%), 365 (14.3%), and 389 (15.2%) patients were 
eligible according to the criteria for category 1, category 1 or 2, and category 1, 2, or 3, respectively. B: Neurological status at admission and discharge 
according to off-label EVT beyond 6 hours from the last known normal time. The initial deficits were similar in the two groups, but the neurological 
symptoms at discharge were significantly improved in those who received off-label EVT. The horizontal line inside the box represents the median, 
the box shows the interquartile range, and the vertical lines represent the interquartile range extended to 1.5 times. *p<0.05. EVT: endovascular 
treatment, IV rtPA: intravenous recombinant tissue plasminogen activator, NIHSS: National Institutes of Health Stroke Scale, ns: not significant.
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nancial implications of the increased workload experienced 
by neurologists in the emergency room also need to be deter-
mined. 

Several limitations of this study should be acknowledged. 
First, only data from a single center for Korean patients were 
included, and so the obtained results should be interpreted 
with caution when considering the system of emergency med-
icine and ethnicity. Second, the sample of eligible category 3 
patients was small, which might have been responsible for 
no conclusion being drawn about whether there was differ-
ence in long-term outcome between eligible category 3 pa-
tients who received and did not receive EVT. Third, the crite-
ria for off-label EVT were not the same as those in the 2018 
stroke guidelines, since the procedures were performed pri-
or to the announcement of the new guidelines. Moreover, 
off-label EVT tended to be performed in patients who came 
to the emergency room earlier from the onset. Accordingly, it 
is challenging to exclude potential selection bias when deter-
mining whether to perform off-label EVT. Finally, the in-
farct and penumbra volumes were not calculated by the au-
tomated RAPID software as in the DAWN and DEFUSE 3 
trials, instead being assessed based on the judgment of clini-
cians based on neuroimaging findings. This might have in-
fluenced the selection of eligible category 3 patients. How-
ever, the methods used in the present study might be closer 
to those applied in clinical practice, because the RAPID soft-
ware is not widely available. 

Advances in EVT techniques are expected to increase the 
number of patients with stroke who are eligible for early in-
tervention. Even if the number of eligible patients for EVT 
beyond 6 hours from the onset may be small, the beneficia-
ries of the procedure could show improved neurological out-

Table 4. Summary of eligible patients who received off-label EVT beyond 6 hours from the onset before the announcement of the revised stroke 
guidelines

Case 
no.

Age, 
years

Sex
Stroke risk 

factors
Antithrombotic 

agent

LKN 
time, 
hours

Premorbid 
mRS 
score

Initial 
NIHSS 
score

Lesion TOAST
Door-to- 
puncture 
time, min

mTICI 
score

Discharge 
NIHSS 
score

3-month 
mRS 
score

1 54 F AF   Warfarin 6.5 0 12 Lt. M1 CE 130 2b 0 0

2 72 M
HT, DM, HL, 

smoking
14.4 0 8 Lt. ICA LAA 189 3 1 0

3 78 F
Previous stroke, 

HT, HL, AF
  Rivaroxaban, 

  clopidogrel
6.1 0 10 Rt. M1 CE 156 3 2 2

4 62 F DM 13.5 0 7 Rt. M1 CE 70 3 3 2
5 62 M Smoking 8.8 0 12 Rt. M1 LAA 80 2b 3 3
6 68 M HT, smoking 10.5 0 16 Lt. M1 LAA 91 2b 0 4
7 74 F HT, HL   Clopidogrel 12.2 0 11 Lt. M1 OD 159 2b 10 6

AF: atrial fibrillation, CE: cardioembolism, DM: diabetes mellitus, EVT: endovascular treatment, F: female, HL: hyperlipidemia, HT: hypertension, ICA: in-
ternal carotid artery, LAA: large-artery atherosclerosis, LKN: last known normal, Lt: left, M: male, M1: middle cerebral artery from the origin to the bi-
furcation/trifurcation, mRS: modified Rankin Scale, mTICI: modified treatment in cerebral infarction, NIHSS: National Institutes of Health Stroke Scale, 
OD: other determined, Rt: right, TOAST: Trial of ORG 10,172 in Acute Stroke Treatment.

Table 3. Demographic and clinical comparison of eligible category 3 
patients who received or did not receive EVT

No EVT (n=17) EVT (n=7) p
Age, years 69 [65–75] 68 [62–73] 0.82
Sex, male 11 (64.7) 3 (42.9) 0.60
Hypertension 11 (64.7) 4 (57.1) 1
Diabetes 6 (35.3) 2 (28.6) 1
Hyperlipidemia 6 (35.3) 3 (42.9) 1
Previous stroke history 2 (11.8) 1 (14.3) 1
Ever smoked 7 (41.2) 3 (42.9) 1
Atrial fibrillation 5 (29.4) 2 (28.6) 1
Antithrombotic use 8 (47.1) 3 (42.9) 1
Premorbid mRS score 0.64

0 15 (88.2) 7 (100.0)
1 1 (5.9) 0 (0.0)
2 1 (5.9) 0 (0.0)

Initial NIHSS score 13 [10–17] 11 [9–12] 0.23
Last known normal time, hours 14.5 [13.0–15.7] 10.5 [7.6–12.8] 0.02
TOAST 0.63

LAA 7 (41.2) 3 (42.9)
SVO 0 (0.0) 0 (0.0)
CE 6 (35.3) 3 (42.9)
OD 1 (5.9) 1 (14.3)
UD 3 (17.6) 0 (0.0)

Discharge NIHSS score 9 [4–15] 2 [0.5–3] 0.01
3-month mRS score 3 [1–4] 2 [1–3.5] 0.58

3-month functional 
independence*

8 (47.1) 4 (57.1) 1

Data are n (%) or median [interquartile range] values.
*3-month mRS score 0–2.
CE: cardioembolism, EVT: endovascular treatment, LAA: large-artery 
atherosclerosis, mRS: modified Rankin Scale, NIHSS: National Institutes 
of Health Stroke Scale, OD: other determined, SVO: small-vessel occlu-
sion, TOAST: Trial of ORG 10,172 in Acute Stroke Treatment, UD: unde-
termined.
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comes. The increasing workloads of neurologists in the emer-
gency room makes it necessary to ensure that human and 
financial resources are prepared accordingly. The results of the 
present study can be used as basic data for estimating the de-
mand of these resources. With appropriate preparation, this 
new treatment technique for acute stroke could be applied in 
an optimal way to more patients with stroke. 
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