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Rapid Treatment of Acute Ischemic Stroke 
Using a Computed Tomography-Based 
Reperfusion Protocol: The Reality of a 
Local Community Hospital with  
Limited Resources

Yui Mano,1 Ichiro Suzuki,2 Syuichi Ishikawa,1 Masahito Katsuki,3 Ryutaro Suzuki,1 Takaki Ichikawa,4 Yuji Kato,4 
Ryosuke Sato,4 Masaya Toyoshima,4 Kazuhiro Kato,4 Koichi Narikawa,4 Takanori Oikawa,4 and Teiji Tominaga3

Objective: In patients with acute ischemic stroke (AIS), prognosis strongly depends on the onset-to-recanalization time. 
The Ishinomaki protocol for rapid recanalization has been used since October 2017. This protocol determines the indication 
for reperfusion therapy based on computed tomography (CT)/three-dimensional CT angiography (3DCTA) findings and 
intends to reduce the onset-to-recanalization time. We aimed to compare the outcomes before and after protocol introduction.
Methods: Our hospital is the only thrombectomy-capable center in Ishinomaki, Tome, and Kesennuma medical area. Before 
protocol introduction (April 2014–June 2016), both CT and magnetic resonance imaging were performed to determine the 
indications for intravenous (IV) recombinant tissue-plasminogen activator (rt-PA) or mechanical thrombectomy within 6 hours 
of disease onset. However, after protocol introduction (from October 2017), plain CT and 3DCTA were used. We collected 
data on patients who underwent mechanical thrombectomy and/or IV rt-PA before (n = 13) and after (n = 34) the protocol 
introduction. The required time from onset to door (OTD), door to needle (DTN), needle to puncture (NTP), puncture to 
recanalization (PTR), and door to recanalization (DTR) were compared before and after protocol introduction. Furthermore, 
thrombolysis in cerebral infarction (TICI) grades and modified Rankin scale (mRS) scores at discharge were compared.
Results: The outcomes before and after protocol introduction were as follows: OTD: 105 ± 73.8 (mean ± standard 
deviation) vs. 120 ± 68.1 min (p = 0.376, Mann–Whitney U test); DTN: 62.9 ± 15.9 vs. 41 ± 17 min (p <0.01); 
NTP: 112 ± 69.8 vs. 39.9 ± 33.7 min (p <0.01); PTR: 87.9 ± 45.4 vs. 52.5 ± 27.9 min (p <0.01); and DTR, 230 ± 69.9 vs. 
110 ± 40.3 min (p <0.0001). Before and after protocol introduction, the proportion of patients with TICI grade 2b–3, mRS 
score of 0–2 at discharge, and mRS score of 5–6 were 54% vs. 50% (p = 0.815, Fisher’s exact test), 23% vs. 21% 
(p = 0.854), and 15% vs. 50% (p = 0.046), respectively.
Conclusion: The Ishinomaki protocol reduced the mean DTR time by 120 min. The reduction in treatment time was due 
to the change in CT-based recanalization and collaboration with emergency physicians and paramedics. There was no 
increase in good outcomes, but there was a significant increase in poor outcomes at discharge. Patients who could not 
be salvaged were indicated for reperfusion therapy as CT and 3DCTA cannot detect the ischemic core.
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Introduction

Reperfusion therapy in acute ischemic stroke (AIS) has 
evolved dramatically in the past 20 years. Initially, only 
intravenous (IV) alteplase (recombinant tissue-plasmino-
gen activator [rt-PA]) therapy was indicated for patients 
who experienced AIS within 3 hours. According to the 
accumulating evidence, rt-PA can be administered to 
patients within 4.5 hours of “discovery,”1,2) and mechanical 
thrombectomy can be performed within 24 hours of onset 
in a patient with large vessel occlusion and a mismatch 
between the penumbra and ischemic core volume.3–5)

The rapid expansion of the therapeutic time window and 
the increasing level of evidence have led to the adoption of 
thrombectomy for the treatment of eligible patients with-
out delay, which increased the physical and mental burden 
of the stroke team in regional hospitals.

The time required for onset to reperfusion has a significant 
impact on patient prognosis,6,7) and the inter-hospital transfer 
of patients may lead to poor outcomes.8,9) Therefore, a medi-
cal system that enables the completion of IV rt-PA followed 
by mechanical thrombectomy needs to be established in each 
medical region. However, the current number of doctors per-
forming thrombectomy in rural areas is insufficient.

We started mechanical thrombectomy in April 2014. 
From 2014 to 2016, the indications for reperfusion therapy 
were evaluated on a case-by-case basis after conducting 
magnetic resonance imaging (MRI). After 2017, when the 
evidence was established, we created a CT-based reperfu-
sion protocol for AIS therapy (Ishinomaki protocol), which 
is aimed at shortening the time from the arrival of a patient 
until the administration of treatment. In this study, we com-
pared the pre- and post-protocol phases based on the 
required time for reperfusion therapy and treatment out-
comes that include effective recanalization rate and modi-
fied Rankin scale (mRS) score at discharge.

Materials and Methods

The Japanese Red Cross Ishinomaki Hospital is the main 
hospital in Ishinomaki, Tome, and Kesennuma medical 
area where the population consists of approximately 
350,000 people. This medical area has three centers that 
offer 24-hour IV rt-PA, and our hospital (Japanese Red 
Cross Ishinomaki Hospital) is the only medical institution 
that performs thrombectomy.

During the pre-protocol phase (2014–2016), three or 
four neurosurgeons, including one neuroendovascular 

surgeon and one neurologist, treated the patients with 
stroke. Since October 2017 (post-protocol phase), the 
stroke team comprised two neurosurgeons, including one 
neuroendovascular surgeon, and four neurologists.

Since October 2017, our emergency department physi-
cians, junior and senior residents, nurses, clinical engineering 
technologists, and radiology technicians have learned about 
the Ishinomaki protocol. The indications for this protocol are 
as follows: (i) detection within 6 hours of onset or last known 
well time, (ii) one or more positive items on the Cincinnati 
Prehospital Stroke Scale,10) and (iii) pre-morbid mRS score 
of 0–2 (independence in activities of daily living) (Fig. 1). 
For patients in whom stroke was detected between 6 and 24 
hours of onset, criteria (ii) and (iii) were the common indica-
tions for the Ishinomaki protocol. The Diffusion-Weighted 
Imaging-Alberta Stroke Program Early Computed Tomogra-
phy Score (DWI-ASPECTS) should be determined by per-
forming MRI in accordance with the guidelines before 
determining the indication for thrombectomy.5) Prehospital 
education on the Immediate Stroke Life Support/Prehospital 
Stroke Life Support course was held. We informed the para-
medics in this medical area and asked them to take the patient 
to our hospital. In cases of early presenting stroke, which 
means the stroke occurred within 6 hours or is determined 
based on the patient’s last known well time, emergency 
requests are made for patients who met all of the above crite-
ria; the emergency physician should call a neurosurgeon or 
neurologist on duty before the patient’s arrival. The neurosur-
geon or neurologist on duty would examine the patient upon 
arrival. In the pre-protocol phase, treatment decisions for AIS 
were based on the patient’s MRI findings. However, in the 
post-protocol phase, the performance of an MRI scan was 
omitted, and plain CT and three-dimensional CT angiogra-
phy (3DCTA) were conducted simultaneously in the CT room 
adjacent to the emergency room. Immediately after the perfor-
mance of plain CT and 3DCTA, neurosurgeons and neurolo-
gists formulated the treatment plan, and one of the following 
treatment options was selected immediately: (i) IV rt-PA plus 
mechanical thrombectomy, (ii) IV rt-PA alone, (iii) IV rt-PA 
skipping and mechanical thrombectomy, and (iv) conserva-
tive therapy (Fig. 1). The paramedical staff are immediately 
informed of the treatment plan in the emergency CT room 
and performed their individual tasks. In particular, clinical 
engineering technologists immediately set up the devices, 
such as priming the balloon guide catheter and some perfu-
sion lines, and provided intraoperative technical support.

Either TrevoXP 4 mm × 20 mm (Stryker, Kalamazoo, 
MI, USA) or Penumbra 5 MAX (Penumbra, Alameda, CA, 
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into the ICA genu. From the ICA genu to the M1 proximal 
part, the Solitaire platinum 6 mm × 40 mm (Medtronic) 
was used. The Trevo XP 4 mm × 20 mm was used from the 
M1 proximal to the M1–M2 bifurcation; beyond M2, the 
Trevo XP 3 mm × 20 mm was used. For posterior circula-
tion, a 6-Fr Fubuki with a dilator (ASAHI INTECC, Aichi, 
Japan) was used as a guiding catheter, and ADAPT with 
ACE 68 was the first-line treatment.

We extracted 13 cases from April 2014 to October 2016 
(pre-protocol group) and 34 cases from October 2017 to 

USA) was used as the thrombectomy device based on the 
surgeon’s discretion and a balloon-guiding catheter was 
routinely used during the pre-protocol phase (2014–2016). 
In the post-protocol phase (2017–2020), the device selec-
tion was standardized according to the occluded vessel. 
For anterior circulation, a 9-Fr Cello (Medtronic, Minne-
apolis, MN, USA) was used as a balloon-guiding catheter. 
A direct aspiration first pass technique (ADAPT)11) was 
performed using a by ACE 68 catheter (Penumbra), which 
was inserted from the cervical internal carotid artery (ICA) 

Fig. 1 Flowchart of reperfusion for AIS protocol (Ishinomaki protocol). In case of onset less than 6 hours. 
Patients who are positive on the Cincinnati Prehospital Stroke Scale for more than one item and have a pre-
morbid mRS score of less than 2 accept the request from EMS without delay. Emergency physicians call 
the neurologist and the neurosurgeon on duty before EMS arrival. The neurologist and neurosurgeon exam-
ine the patients upon arrival and obtain an informed consent in collaboration with the emergency physician 
and junior residents. Blood sampling, vital signs, and National Institute of Health Stroke Scale score are 
assessed, and then CT is performed; if no hemorrhage is noted, continuous monitoring with 3DCTA is per-
formed. CT-ASPECTS and occluded vessel were determined by performing CT and 3DCTA, and the need 
for rt-PA and/or mechanical thrombectomy is determined as soon as possible. 3DCTA: three-dimensional 
computed tomography angiography; AIS: acute ischemic stroke; CT: computed tomography; EMS: emer-
gency medical service; mRS: modified Rankin scale; rt-PA: recombinant tissue-plasminogen activator

(supplement)
*time of onset < 4.5 hours but ineligible IV rt-PA, directly thrombectomy performed
**In cases of M2~ ACA, and PCA occlusion: occlusion vessel suppling eloquent area without rapid
recovery, thrombectomy performed. MRI imaging case by case.

Targettime

arrival

NIHSS / Lab date / Body Weight check
IV rt-PA contraindication check
Informed consent

CT+3DCTA

Age ≥ 18 y.o. pre-morbid mRS0~2
NIHSS ≥ 6, ASPECTS ≥ 6

Onset or last known well < 4.5h
Eligible IV rt-PA*

IV rt-PA

recanalization

20 min

15 min

30 min

Neurologist and
Neurosurgeon call

10 min

ICA, M1, BA occlusion

thrombectomy

MRI: DWI, FLAIR

Radiological Technologist
and IVR Nurse call

Prearrival

Emergency physician directly call

4.5 h ≤ onset or last known well < 6 h

M2~, ACA, P1~ occlusion**

thrombectomy

thrombectomy

30 min

ICA, M1, BA occlusion

Flowchart of reperfusion for acute ischemic stroke (onset from < 6 hrs)

Cincinnati prehospital stroke scale (CPSS) ≥ 1 
Time of onset (if unknown, time of last known to be well) < 6 hrs 
Pre-morbid modified Rankin Scale (mRS) 0~2 / Patient’s age with no upper limit
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5–6 were compared between the pre- and post-protocol 
phases.

Statistical analysis was performed using IBM SPSS for 
Windows, Version 22.0 (IBM Corp, Armonk, NY, USA). 
The χ-square test was carried out to analyze the male/
female ratio, infarct type, occluded vessel, and IV rt-PA 
status. Age, ASPECTS, National Institute of Health Stroke 
Scale score upon arrival, and pre-morbid mRS scores were 
analyzed using the Mann–Whitney U test (Table 1).

The Mann–Whitney U test was used to measure the 
time required for treatment (Table 2), while the Fisher’s 
direct probability test was used to measure the effective 
recanalization rate of TICI grades 2b–3 and the propor-
tion of patients with mRS scores of 0–2 and 5–6 at dis-
charge (Figs. 2 and 3), with the significance level set at 
0.05.

March 2020 (post-protocol group); both groups had a 
stroke onset within 6 hours or their last known well time 
was determined. We compared the time required from the 
onset to door (OTD), door to needle (DTN: the time needed 
to start IV rt-PA), needle to groin puncture (NTP), door-to-
groin puncture (DTP), groin puncture to recanalization 
(PTR), and door to recanalization (DTR) as well as the 
recanalization rate and patient status at discharge. The 
degree of recanalization was assessed using thrombolysis 
in cerebral infarction (TICI) grade,12) with TICI grades 2b 
and 3 representing effective recanalization, and the rate of 
recanalization was compared before and after the adoption 
of the protocol. Patient prognosis was assessed using the 
mRS score at discharge,13) with scores 0–2 indicating a 
good outcome and scores 5–6 indicating a poor outcome. 
The percentage of patients with mRS scores of 0–2 and 

Table 1 Patients’ baseline demographic and clinical characteristics
Pre-protocol

2014/4/1–2016/6/30
Post-protocol

2017/10/1–2020/3/31
p value*

Number of patients 13 34

Mela: female 7:6 17:17 0.813

Age (mean ± SD) 77 (40–87) 79.5 (57–93) 0.124

Stroke type (%)

 Athrosclerotic 2 (15%)  4 (12%) 0.739

 Cardiogenic 9 (70%) 23 (68%) 0.917

 ESUS 2 (15%)  7 (20%) 0.688

Occluded vessel (%)

 ICA 3 (23%) 15 (44%) 0.315

 M1 8 (61%) 10 (29%) 0.054

 M2- 1 (8%)  4 (12%) 0.689

 BA 1 (8%)  5 (15%) 0.519

Median CT-ASPECTS (min-max) 8 (6–10)  8 (6–10) 0.525

Median ASPECTS-DWI (min-max) 8 (5–11) -

Median pre-mobid mRS (min-max) 0 (0–2) 0 (0–2) 0.307

Median NIHSS at arrival (min-max) 16 (11–40) 21.5 (7–40) 0.202

MRI acquisition pre thrombectomy Yes No

i.v. rt-PA (%) 9/13 (69%) 29/34 (85%) 0.237

Complication (%) 1 (8%)  5 (15%) 0.524

 During thrombectomy 0  4 (12%) 0.303

 Hemorrhagic infarction 0 1 (3%) 0.923

 External decompression needed 1 (8%) 0 0.086

*p value was calculated using Mann–Whitney U test for continuous or ordinal variables and chi-square test or Fisher’s exact 
test for categorical variables. ASPECTS: Alberta Stroke Program Early CT score; BA: basilar artery; DWI: diffusion-weighted 
imaging; ESUS: embolic stroke of undetermined source; ICA: internal carotid aftery; M: middle cerebral artery; mRS: 
modified Rankin scale; NIHSS: National Institute of Health Stroke Scale; rt-PA: recombinant tissue-plasminogen activator
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  One patient had an external decompression due to brain 
edema in the pre-protocol phase, while four patients had a 
subarachnoid hemorrhage (SAH) due to thrombectomy and 
one had hemorrhagic infarction in the post-protocol phase 
(Table 1). In the post-protocol phase, one patient died due 
to nocturnal paroxysmal hemoglobinuria with SAH without 
neurological deterioration after thrombectomy. The next 
day, the patient experienced sudden cardiac arrest and did 
not recover despite resuscitation. Hyperkalemia due to 
hemolysis likely led to the patient’s cardiac arrest.

Discussion

One of the important factors that improved the patients’ 
outcomes after AIS was the rapid achievement of TICI 
2b–3 recanalization.7,14) The Ishinomaki protocol is 
designed to improve patient’s prognosis by minimizing the 
time required to initiate IV rt-PA and/or mechanical throm-
bectomy by performing quick initial examinations and 
determination of indications for treatment based on plain 
CT and 3DCTA findings. The shortening of the time from 
the arrival of a patient until the administration of treatment 
was accomplished. We tried to improve the patient’s out-
comes by reducing the time required for treatment, but we 
failed to do so in our hospital.

Following the introduction of the protocol, DTN, DTP, 
and DTR were reduced by an average of 21.9, 79.6, and 
120 min, respectively (Table 2). The main reasons for the 
time reduction were as follows. First, emergency physi-
cians had to call the neurologist and neurosurgeon on duty 
to notify them about the delivery of a patient who met the 
criteria (Fig. 1). This enabled the stroke treatment doctors 
(neurologist and neurosurgeon) to intervene immediately 
upon the patient’s arrival. Second, in the pre-protocol 

Results

The time required for each treatment step was compared 
between the pre- and post-protocol phases. The OTDs 
were 105 ± 73.8 minutes in the pre-protocol phase and 120 
± 68.1 minutes in the post-protocol phase, which was not 
significantly different (p = 0.376, Mann–Whitney U test). 
However, before and after the introduction of the protocol, 
all other required time values were 62.9 ± 15.9 vs. 41 ± 17 
minutes for DTN (p <0.01), 112 ± 69.8 vs. 39.9 ± 33.7 min-
utes for NTP (p <0.005), 137 ± 80.4 vs. 57.4 ± 24 minutes 
for DTP (p <0.005), 89.7 ± 45.4 vs. 52.5 ± 27.9 minutes for 
PTR (p <0.01), and 230 ± 69.9 vs. 110 ± 40.3 minutes for 
DTR (p <0.0001), respectively (Table 2). The time 
required for all treatment steps except OTD was signifi-
cantly reduced after the introduction of the protocol.

The TICI 2b–3 rates were 54% (7/13 patients) in the 
pre-protocol phase and 50% (17/34 patients) in the 
post-protocol phase; the difference was not significant 
(p = 0.815, Fisher’s exact test) (Fig. 2).

The proportions of patients with mRS score of 0–2 at 
discharge were 23% (3/13 cases) in the pre-protocol phase 
and 21% (7/34 cases) in the post-protocol phase, but the 
difference was not significant (p = 0.854, Fisher’s exact 
test). Meanwhile, the proportions of patients with mRS 
score of 5–6 at discharge were 15% (2/13 cases) in the 
pre-protocol phase and 50% (17/34 cases) in the post-pro-
tocol phase, but the difference was significant (p = 0.046, 
Fisher’s exact test) (Fig. 3). For patients who had TICI 
2b–3 recanalization alone, the proportions of those with 
mRS score of 0–2 at discharge were 37.5% (3/8 cases) in 
the pre-protocol phase and 41.2% (7/17 cases) in the 
post-protocol phase; however, the difference was not sig-
nificant (p = 0.607, Fisher’s exact test).

Table 2 Required time from arrival, examination to treatment (mean ± SD)

Pre-protocol Post-protocol
p value†

2014/4/1–2016/6/30 2017/10/1–2020/12/31

OTD  105 ± 73.8   120 ± 68.1 0.376

DTN 62.9 ± 15.9    41 ± 17 0.00584*

NTP  112 ± 69.8    39.9 ± 33.7 0.00149*

DTP  137 ± 80.4 57.4 ± 24 0.00242*

PTR 89.7 ± 45.4  52.5 ± 27.9 0.00917*

DTR  230 ± 69.9   110 ± 40.3 0.0000025*

*p <0.05. †p value was calculated using the Mann–Whitney U test. DTN: door to needle; 
DTP: door to puncture; DTR: door to recanalization; NTP: needle to puncuture; OTD: 
onset to door; PTR: puncture to recanalization 
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mRS score of 5–6 significantly increased (Fig. 3). This find-
ing is likely to be caused by the low recanalization rate and 
revascularization of non-indicated patients due to the deci-
sion to use plain CT as an indication. Despite the advance-
ments in the devices and the development of mechanical 
thrombectomy techniques in the post-protocol period, the 
recanalization rate at our hospital remains inadequate. Even 
if stent retriever and/or intra-arterial fibrinolysis have 
already been used in previous clinical trials, the TICI 2b–3 
rate was still 58.7%–88% (Table 3).16–20) The ADAPT tech-
nique was not inferior to the thrombectomy technique using 
a stent retriever.11) Furthermore, the combined technique 
simultaneously use of a large-bore aspiration catheter and a 
stent retriever yielded a TICI 2b–3 rate of >95%.21–24) 
Although the use of either a stent retriever or aspiration cath-
eter as a simple technique may have contributed to the poor 
prognosis, the inadequate recanalization rate (TICI 2b–3 
rate: 50%) in the post-protocol phase was due to the lack of 
skills of the operator. To improve the recanalization rate, a 
combined technique should be used as the first-line option.

Although the indications can be quickly determined by 
plain CT, CT-ASPECTS tends to underestimate the isch-
emic core compared with DWI-ASPECTS25) and reperfu-
sion indication cases that cannot be rescued were possibly 
included in post-protocol phase. Even in cases within 
6 hours of onset, prognosis was better in the study using 
perfusion imaging and MRI to evaluate ischemic core and 
penumbra mismatch (Table 3).16–20) At our hospital, 
3DCTA was carried out to determine the occluded vessels 
and omitted the performance of an aortic dissection. How-
ever, CT perfusion (CTP) imaging was not performed 

phase, it took about 20 minutes to get from the emergency 
room to the MRI room and back. In the post-protocol 
phase, the performance of an MRI scan was omitted. 
Although there were some disadvantages, such as increased 
radiation exposure and adverse effects of contrast agents, 
plain CT and 3DCTA were obtained simultaneously in the 
CT room adjacent to the emergency room, which greatly 
contributed to the shorter DTN and DTP times. Third, 
immediately after the performance of plain CT and 
3DCTA, the neurosurgeons and neurologists formulated 
and conveyed the treatment plan to the paramedical staff. 
Each of them performed their individual tasks. Fourth, the 
clinical engineering technologists provided device settings 
and intraoperative supports, which considerably reduced 
the NTP and PTR times. Prior to the introduction of the 
protocol, the emergency room nurses, radiologists, clinical 
engineering technologists, and emergency physicians were 
informed of the indications for reperfusion therapy and the 
importance of shortening the time. By standardizing the 
initial response according to the protocol, the examinations 
necessary for the treatment plan could be performed with-
out delay, even in the absence of a neurosurgeon or neurol-
ogist. However, the time required for treatment at our 
hospital did not meet the Society of NeuroInterventional 
Surgery guideline recommendations.15) After the need for 
reperfusion therapy has been determined, even if the para-
medics act independently, the stroke team doctors must 
inform the family, initiate IV rt-PA, and select the appro-
priate device. In hospitals with limited human resources, it 
may be difficult to significantly reduce the time required 
from patient arrival to recanalization.

Although the time savings were achieved, the patient out-
comes did not improve, but the number of patients with 

Fig. 2 The effective recanalization rates of TICI 2b–3 were 54% 
(7/13) before the introduction of protocol and 50% (17/34) after the 
introduction of protocol, with no significant difference (p = 0.815, 
Fisher’s exact test). TICI: thrombolysis in cerebral infarction

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Post-protocol
n=34

Pre-protocol
n=13

TICI grade

3 2B 2A 1

3 4 15

3 14 15 2

Fig. 3 The rates of good prognosis in patients with mRS score of 
0–2 were 23% (3/13) before protocol introduction and 21% (7/34) 
after protocol introduction, with no significant difference (p = 0.854, 
Fisher’s exact test). The rate of poor prognosis in patients with mRS 
score 5–6 were 15% (2/13) before protocol introduction and 50% 
(17/34) after protocol introduction, with significant difference (p = 
0.046, Fisher’s exact test). mRS: modified Rankin scale

0% 20% 40% 60% 80% 100%

Post-protocol
n=34

Pre-protocol
n=13

Modified Rankin scale at discharge

0 1 2 3 4 5 6

4 24

16 1

3

352 7
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A direct call to the neurologist and neurosurgeon on duty 
before the arrival of emergency medical service, omission 
of the MRI scan, and standardization of treatment proto-
cols had a major impact on shortening the DTR. The intro-
duction of the CT-based reperfusion protocol did not 
increase the number of patients with a good prognosis at 
discharge, but significantly increased the number of 
patients with poor outcomes (mRS score: 5–6). Judging the 
indication based on the findings on plain CT and 3DCTA 
was highly likely to lead to reperfusion indications in cases 
that cannot be rescued. In local community hospitals with 
a limited number of cases and human resources, the indica-
tions for reperfusion therapy should be determined based 
on the perfusion imaging findings or DWI-ASPECTS.
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Conclusion
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