
Original Article

© 2023 CC BY NC 4.0 – in cooperation with Depts. of Cardiothoracic/ 
Vascular Surgery, General Surgery and Anesthesia, Örebro 
University Hospital and Örebro University, Sweden

Acute Ischemic Stroke Therapy  
in a Hybrid Emergency Room:  
An Institutional Observational  

Cohort Study
Yuta Ito1, Daisuke Kudo2, Motoo Fujita3, Shin-ichiro Osawa4,  

Atsuhiro Nakagawa4 and Shigeki Kushimoto2 

1Department of Surgery, Osaki Citizen Hospital Osaki Japan, Osaki City, Japan
2Division of Emergency and Critical Care Medicine, Tohoku University Graduate School of Medicine, Sendai, Japan

3Department of Emergency and Critical Care Medicine, Tohoku University Hospital, Sendai, Japan
4Department of Neurosurgery, Tohoku University Graduate School of Medicine, Sendai, Japan 

Background: Endovascular therapy within an appropriate time has been shown to improve neurological outcomes 
in patients with ischemic stroke. A hybrid emergency room is an emergency unit that can be used for resuscitation, 
computed tomography (CT), surgery, and angiography. Therefore, immediate CT and endovascular therapy can be 
performed without transfer to other rooms. We aimed to evaluate the possibility of using a hybrid emergency room 
to shorten the time to endovascular therapy in patients with ischemic stroke.
Methods: This was a single-institutional, retrospective, and observational study. Patients with acute ischemic stroke 
who underwent endovascular therapy in the hybrid emergency room between May 2018 and May 2020 were included 
in the study. The main outcome was door-to-puncture time. The secondary outcomes were door-to-reperfusion and 
onset-to-puncture time. Descriptive statistics were also calculated. Outcome times were compared with those 
recommended by recent guidelines.
Results: Twenty-seven patients were included in this analysis. The median age was 77 (69–83) years. The median 
National Institutes of Health Stroke Scale score on admission was 15 (10–21.25), while the median door-to-puncture, 
door-to-reperfusion, and onset-to-puncture times were 45 (29–63), 140 (100–170), and 120 (71–224) minutes, 
respectively. The door-to-puncture time was within the recommended time of 60 minutes for approximately 75% of 
the patients.
Conclusions: The door-to-puncture time in our study was shorter than that recommended by the guidelines. Acute 
ischemic stroke management in a hybrid emergency room could shorten door-to-puncture time, which may contrib-
ute to improving patients’ neurological outcomes. 
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endovascular therapy can be up to 24 h from the time 
last known to be well [8], a large observational study 
that enrolled 6,756 patients with anterior circulation 
large vessel occlusion acute ischemic stroke treated with 
endovascular therapy showed that a shorter time to 
reperfusion was significantly associated with better neu-
rological and survival outcomes [9].

A hybrid emergency room is an emergency unit that 
can be used to perform resuscitation, computed tomog-
raphy (CT), surgery, and angiography, and is designed 
for treating patients with severe trauma. Using this has 
been suggested to improve clinical outcomes in patients 
with trauma [10,11], however, only one report has sug-
gested its efficacy in treating patients with acute ischemic 

INTRODUCTION

Reperfusion therapy for acute ischemic stroke is evolv-
ing remarkably. Recently, the effectiveness of endovas-
cular therapy has been proven in patients with large 
vascular occlusions in both the anterior and posterior 
circulation [1–7]. Although the eligible time window for 
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stroke [12]. Immediate endovascular therapy following 
CT evaluation can be performed without transfer to 
other rooms, which may contribute to improving the 
outcome in patients with ischemic stroke.

In this study, we aimed to evaluate the possibility of 
using a hybrid emergency room to shorten the time to 
endovascular therapy in patients with ischemic stroke.

METHODS

Study Design, Setting, and Participants

This observational cohort study retrospectively col-
lected the data of all patients admitted to the hybrid 
emergency room system at Tohoku University Hospital 
between May 2018 and May 2020. Patients were eligi-
ble if they were ≥18 years of age and suspected to have 
had a stroke. Patients were excluded if they were: (a) not 
diagnosed with ischemic stroke; (b) diagnosed with 
intracranial hemorrhage, subarachnoid hemorrhage, or 
transient ischemic attack; (c) diagnosed with ischemic 
stroke but were not candidates for revascularization; or 
(d) if data were not available. We analyzed patients who 
received reperfusion therapy in the hybrid emergency 
room, after excluding patients who had undergone mag-
netic resonance imaging (MRI) before endovascular 
therapy, were transferred to other hospitals after admin-
istration of recombinant tissue-type plasminogen acti-
vator (rt-PA), received endovascular therapy not at the 
hybrid emergency room, or were treated with rt-PA but 
without endovascular therapy. 

The study protocol was reviewed and approved by 
the institutional review board of Tohoku University 
(2020-1-805). The requirement for informed consent 
was waived because of the retrospective nature of the 
study, and the analysis used anonymous clinical data.

Data Collection and Measurements

We collected the following data: age, sex, Glasgow 
Coma Scale (GCS) score on admission, National Insti-
tutes of Health Stroke Scale (NIHSS) score [13], Alberta 
Stroke Program Early CT Score (ASPECTS) [14], past 
medical history, and medications before admission. We 
also collected data on the time course of door-to-image, 
puncture, needle, revascularization, last-known well to 
arrival, culprit vessel, thrombolysis in cerebral infarc-
tion (TICI) grade [15], Modified Rankin Scale (mRS) at 
discharge [16], time spent in the ICU, and the hospital 
discharge date. All information was collected from the 
medical records.

Outcomes

The main outcome measure was door-to-puncture time. 
The secondary outcome measures were door-to-reperfusion 
and onset-to-puncture times.

Comparison with Recommendations and Evidence

We compared door-to-puncture and door-to-reperfusion 
times demonstrated or recommended to be appropriate 
in large studies or guidelines. We performed a literature 
review to identify the recommended door-to-puncture, 
door-to-reperfusion, and onset-to-puncture times asso-
ciated with better neurological outcomes. First, we per-
formed a PubMed database search using the keywords 
(stroke AND endovascular AND [reperfusion OR “endo-
vascular therapy” OR “mechanical thrombectomy”] 
AND guideline) for guidelines and ([door-to-puncture 
OR door-to-reperfusion OR onset-to-puncture] AND 
stroke) for clinical studies. Subsequently, eligible articles 
were reviewed. We selected guidelines regarding rec-
ommended or better neurological outcomes-associated 
door-to-puncture, door-to-reperfusion, or onset-to-
puncture times. For clinical studies, we selected articles 
that evaluated the association between door-to-puncture, 
door-to-reperfusion, or onset-to-puncture time and neu-
rological outcomes as primary or secondary outcomes.

Definitions

We defined the time from the event to the procedure as 
follows: door-to-image time was the time from the arrival 
of patients at the hospital to the start of head CT; door-
to-puncture time was the time from arrival of patients at 
the hospital to groin puncture; door-to-reperfusion time 
was the time from arrival of patients at the hospital to 
reperfusion of the culprit-vessel proven by angiography; 
and onset-to-puncture time was the time from presenta-
tion of patients with stroke symptoms to puncture.

Statistical Analyses

This study used descriptive statistics. The median and 
interquartile range (IQR) were used for all continuous 
variables. Categorical variables are presented as num-
bers and proportions. All statistical analyses were per-
formed using the JMP Pro Version 15 software (SAS 
Institute Japan Ltd., Tokyo, Japan).

Ethical Approval and Informed Consent 

Ethical approval was not required. Informed consent 
was not required.

RESULTS

During the study period, 270 patients with suspected 
stroke were eligible. Of these, 58 patients with stroke 
mimics, 70 patients with intracranial hemorrhage, 65 
patients with transient ischemic attack or ischemic 
stroke but not applicable for revascularization, and one 
patient whose data were unavailable, were excluded. Of 
the remaining 41 patients who received reperfusion 
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endovascular reperfusion for patients with acute isch-
emic stroke. No guidelines have provided recommenda-
tions for the onset-to-reperfusion time. The guidelines 
from the Society of Neurointerventional Surgery state 
that door-to-puncture and door-to-reperfusion should be 
performed within 60 min and 90 min, respectively [17]. A 
literature search for clinical studies on door-to-puncture, 
door-to-reperfusion, and onset-to-puncture yielded 56, 
27, and 61 articles, respectively. After a full review, no 
studies have evaluated the association between 
door-to-reperfusion, or onset-to-puncture, and neuro-
logical outcome as the primary outcome. In our study, 
door-to-puncture time was within 60 min for 20 of the 
27 patients, and door-to-reperfusion time was within 
90 min for three of the 27 patients (Figure 2).

DISCUSSION

We found that the median door-to-puncture, door-to- 
reperfusion, and onset-to-puncture times were 45, 140, 
and 120 min, respectively, in patients with ischemic 
stroke treated in a hybrid emergency room. In 20 of the 
27 patients treated with endovascular therapy without 
preceding MRI, the door-to-puncture time was within 
the recommended time frame.

According to our systematic review, only one guide-
line indicated the time goals of door-to-puncture and 
door-to-reperfusion for endovascular therapy. The 
guidelines from the Society of Neurointerventional 

therapy, five patients who received endovascular ther-
apy after MRI, five patients who were treated with rt-PA 
only, two patients who were treated with rt-PA and then 
transferred to other hospitals, and two patients who 
received endovascular therapy not in a hybrid emer-
gency room were excluded. Finally, 27 patients were 
included in the final analysis (Figure 1).

Patient Characteristics

Patient characteristics are shown in Table 1. The median 
patient age was 75 (69–83) years. The median GCS 
score on admission was 13 (10–14), the median NIHSS 
score was 15 (10–21), and the median ASPECTS score 
was 9 (6–10). In most patients, the culprit vessel was the 
middle cerebral artery (18/27). 

Primary and Secondary Outcomes

The median time for door-to-puncture was 45 (29–63) min 
(Table 2). The median door-to-reperfusion and onset-
to-puncture times were 140 (100–170) min and 120 
(71–224) min, respectively (Table 2). 

Comparison with Recommendations and Evidence

A literature search yielded 241 guidelines. After a full 
review, only one guideline provided recommendations 
for door-to-puncture and door-to-reperfusion times in 

595 patients admitted to Hybrid ER
between May 1, 2018 and May 31, 2020

Not examined as stroke, 325 patients

Suspected of stroke, 270 patients

Non-stroke (stroke-mimic), 58 patients
ICH, 70 patients
SAH, 35 patients
TIA or not applicable for reperfusion, 65 patients
Data non available, one patient

Reperfusion therapy
41 patients

Endovascular therapy after MRI, five patients
Transfer to other hospitals after rt-PA administration, two patients
Endovascular therapy not in Hybrid ER, two patients
rt-PA only, five patients

Endovascular therapy at Hybrid ER
27 patients

Figure 1 Flow chart of patient selection and exclusion details. ER, emergency room; ICH, 
intracranial hemorrhage; MRI, magnetic resonance imaging; rt-PA, recombinant tissue-type 
plasminogen activator; SAH, subarachnoid hemorrhage; TIA, transient ischemic attack.
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Surgery recommend that door-to-puncture time should 
be <60 min and door-to-reperfusion time should be 
<90 min, although there is no clear description of the 
evidence [17]. The door-to-puncture time in our study 
was much shorter than that recommended by the guide-
lines, whereas the door-to-reperfusion time was much 
longer. It is assumed that since the hybrid emergency 
room, equipped with CT and angiography, can be used 
to perform immediate endovascular therapy following a 
CT scan without patient transfer, we could achieve a 
shorter door-to-puncture time [10,11].

Recent studies have shown that a reduction in the 
time to reperfusion leads to favorable neurological out-
comes. A recent observational study showed that the 
probability of a good clinical outcome decreased as the 
time to angiographic reperfusion increased in patients 

Table 1 Characteristics of patients with ischemic stroke treated 
with endovascular therapy in a hybrid emergency room system.

Characteristics Total n = 27

Age, median (IQR) 75 (69–83)
Men (%) 12 (44.4)
GCS on admission, median (IQR) 13 (10–14)
NIHSS, median (IQR) 15 (10–21)
ASPECTS, median (IQR)  9 (6–10)
Culprit vessels
 IC  7
 ACA  1
 MCA 18
 Basilar artery  1
Medical history, n (%)
 Hypertension 16 (59)
 Dyslipidemia  9 (33)
 Atrial fibrillation/flutter  9 (33)
 Diabetes mellitus  5 (19)
 Previous stroke/TIA  5 (19)
 Heart failure  3 (11)
 Smoker  5 (19)
 Renal insufficiency  2 (7)
 Vascular disease  3 (11)
 Respiratory disease  1 (4)
 Malignancy  7 (26)
Medication before admission, n (%)
 Antiplatelets  6 (22) 
 Anticoagulants  3 (11)
 Antihypertensives 13 (48)
 Cholesterol reducers  3 (11)
 Antidiabetics  2 (7)

ACA, anterior cerebral artery; ASPECTS, Alberta Stroke Program Early CT Score; 
GCS, Glasgow Coma Scale; IC, internal carotid artery; IQR, interquartile range; 
MCA, middle cerebral artery; NIHSS, National Institutes of Health Stroke Scale; 
TIA, transient ischemic attack.

Table 2 Clinical course, outcomes, and culprit vessels.

Times to diagnosis and treatment Total n = 27

 Last known well to arrival, min, median (IQR)  56 (33–162)
 Door-to-image, min, median (IQR)  7 (4–11)
 Door-to-puncture, min, median (IQR)  45 (29–63)
 Door-to-needle, min, median (IQR)  49 (38–57)
 Door-to-reperfusion, min, median (IQR) 140 (100–170)
 Onset-to-puncture, min, median (IQR) 120 (71–224)
Clinical outcomes
 TICI grade ≥2a, n (%)  23 (85)
 mRS at discharge, median (IQR)  4 (1–5)
 Length of ICU stay, days, median (IQR)  5 (4–9)
 Length of hospital stay, days, median (IQR)  19 (13–35)

Door-to-image is the time from arrival of patients at the hospital to the start of head computed tomogra-
phy. Door-to-needle is the time from the arrival of patients at the hospital to the administration of rt-PA. 
Door-to-puncture is the time from the arrival of patients at the hospital to the groin puncture. Door-to- 
reperfusion is the time from the arrival of patients at the hospital to large vessel reperfusion proven by 
angiography. Onset-to-puncture is the time from the presentation of stroke symptoms to groin puncture.
ICU, intensive care unit; IQR, interquartile range; mRS, modified Rankin Scale; rt-PA, recombinant tissue-type 
plasminogen activator; TICI, thrombolysis in cerebral infarction.
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Figure 2 Time distribution of door-to-puncture and 
door-to-reperfusion times. Each dot indicates the time required 
by each patient. The horizontal line indicates the median time. 
A dotted line indicates the time recommended in the NeuroInt-
erventional Surgery guidelines.
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