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ABSTRACT
Organised stroke care has become a keystone in 
delivering efficient and effective treatment to patients 
with stroke with improved outcomes. Delivering timely 
acute reperfusion therapy to those with acute ischaemic 
strokes is key to good recovery. Emergency stroke unit 
(ESU) is a novel organised stroke care system developed 
in China. It centralises all necessary procedures for the 
diagnosis and treatment of acute stroke into one unit that 
can perform clinical assessment, imaging examination and 
acute treatments. In ESU, artificial intelligence algorithms 
are used to aid in reading brain images and making clinical 
decisions. Therefore, ESU can significantly enhance the 
efficiency of emergent stroke care. In this guideline, we 
aim to clarify the concept, construction standards and 
personnel requirements of an ESU, standardise ESU-based 
acute stroke triage and treatment workflow, establish 
metrics of quality control, facilitate the construction and 
promotion of ESU and continue the improvement of the 
quality of stroke care.

INTRODUCTION
In 1995, the National Institute of Neurolog-
ical Disorders and Stroke rt-PA Stroke Study 
marked the beginning of the reperfusion 
therapy era for acute ischaemic stroke (AIS).1 
‘Time is brain’ has become a core concept 
in acute reperfusion therapy, emphasising 
on the importance of reducing delays of 
providing reperfusion therapy in order to 
save as much at-risk brain tissue as possible.

To improve the efficiency of reperfusion 
therapy, the American Brain Attack Coalition 
established the standards for stroke centre 
certification, aiming to ensure that patients 
with stroke receive efficient and standardised 
management at all stages (from prehospital 
identification to in-hospital treatment).2 In 
the past few years, systems of organised stroke 
care have significantly increased the efficiency 
of reperfusion therapy in AIS, but prehospital 
and in-hospital delays have not improved 
much in clinical practices. Previous studies 
have shown a loss of 1.9 million neurons and 
14 billion synapses with every minute of delay 
from onset to reperfusion treatment,3 while 
every 30 min of delay could reduce the likeli-
hood of a favourable outcome by 12%.4

To reduce prehospital delays, a novel organ-
ised stroke care model, the mobile stroke 
unit (MSU), was developed in Germany. It 
was based on an ambulance equipped with 
a small-sized, mobile CT and relevant equip-
ment for acute stroke work-ups, aiming to 
provide thrombolysis on board if the CT of the 
head showed no haemorrhage. In the Berlin 
Prehospital Or Usual Delivery of acute stroke 
care5 and BEnefits of Stroke Treatment Deliv-
ered Using a Mobile Stroke Unit Compared 
with Standard Management by Emergency 
Medical Services (BEST-MSU)6 studies, MSU 
significantly reduced prehospital delays and 
increased the rate of intravenous thrombol-
ysis (IVT) for patients with AIS.

However, compared with prehospital 
delays, in-hospital delays are more common 
since every hospital has challenges in space, 
imaging and laboratory capacities and 
personnel shortages, etc.7 In-house delay 
reduces the chance of successful recanalisa-
tion, especially in patients with AIS who need 
mechanical thrombectomy for large vessel 
occlusion (LVO) type of stroke.8

Establishing an in-hospital efficient 
and organised stroke care system is key to 
reducing in-hospital delays for reperfusion 
therapy. It has been identified that delayed 
brain imaging is one of the main causes of 
in-hospital delays, for example, approxi-
mately 39.5% of patients with stroke expe-
rience delays in receiving stroke imaging 
examinations/results.7 9 Therefore, we, 
here, propose a novel, in-hospital, organised 
stroke care model, the emergency stroke unit 
(ESU), which integrates the operations of 
clinical assessment, imaging examination and 
initial treatments into one unit/room. It aims 
to minimise in-hospital delays and facilitate 
rapid reperfusion treatment, and ultimately 
improve patient outcomes. To facilitate the 
construction and promotion of ESU across 
the country and continuous improvement of 
the quality of stroke care, experts from the 
Chinese Stroke Association developed this 
guideline.
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DEFINITION AND IMPACT OF ESU
ESU is a stroke unit located in the emergency depart-
ment. ESU integrates clinical assessment, brain imaging 
and initial treatments of patients with suspected stroke 
(figure 1). Compared with conventional workflow for a 
patient with AIS, ESU simplifies the procedures (figure 2). 
ESU aims to provide an integrated in-hospital acute 
stroke care system, which minimises in-hospital delays 
and provides rapid diagnosis and appropriate treatments 
within critical time windows for patients with AIS.

CONFIGURATION STANDARDS OF AN ESU

Equipment of ESU
ESU needs a dedicated area that could accommodate 
clinical assessment, brain imaging and provide initial 
treatments to patients with AIS. It is the first stop 
where a patient with possible stroke will be assessed. 
ESU should be clearly marked so that patients could 
be directed to ESU immediately on arrival to a 
hospital.

Figure 1  The layout of an emergency stroke unit.

Figure 2  Comparison of ESU-based workflow and conventional workflow for acute stroke patient triage and treatment. 
Conventional workflow: ① Stroke onset - ② arrival to a hospital - ③ initial clinical assessment - ④ transfer in CT/MRI room for 
imaging examination - ⑤ transfer out of CT/MRI room for further clinical assessment - ⑥ reperfusion therapy in eligible patients. 
ESU-based workflow: ① Stroke onset - ② arrival to a hospital - ③ one-stop clinical and imaging assessment, and initiation of 
reperfusion therapy in eligible patients. ESU, emergency stroke unit.
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Mandatory equipment
1.	 Bedside brain imaging equipment: small, mobile 

brain imaging equipment capable of performing 
rapid and accurate brain imaging to diagnose an 
ischaemic stroke or intracerebral haemorrhage. 
Currently, a low-field (0.23T) MRI (made in China) 
is installed inside an ESU, which can detect an isch-
aemic stroke and with the Hematoma Enhanced 
Inversion Recovery (HEIR) sequence, intracerebral 
haemorrhage can be diagnosed. Its capability is simi-
lar to a 1.5/3.0T MRI.10 11

2.	 Artificial intelligence-based imaging analysis platform: 
This platform allows optimisation of the images (eg, 
improving the signal-to-noise ratio) and automatic 
analysis of image data (eg, automatic identification of 
the location, volume and nature of the lesions) which 
could assist in stroke diagnosis. It can also automati-
cally assess Alberta Stroke Program Early CT Score 
(ASPECTS) score and diffusion-weighted imaging 
(DWI) - fluid-attenuated inversion recovery (FLAIR) 
mismatch, to guide clinical decisions.

3.	 Thrombolysis kit: The thrombolysis kit should contain 
intravenous thrombolytics (tenecteplase or alteplase) 
and antihypertensives (such as labetalol, sodium nitro-
prusside, hydralazine). It should also have a glucome-
ter, needles, 0.9% sodium chloride solution and docu-
ments (such as treatment algorithm, National Institute 
of Health Stroke Scale (NIHSS) cards and instructions 
and weight-based dosing chart for thrombolytics).

4.	 Bed with a scale: It is recommended to integrate a bed 
with a scale to measure the patient’s body weight inside 
the brain imaging equipment, which can be used to 
calculate the dosage of intravenous thrombolytics.

Optional equipment
1.	 Bedside rapid genetic testing system that can provide 

the CYP2C19 genotype for personalised antiplatelet 
treatment in patients withAIS.

2.	 Intelligent wearable devices that can monitor patients’ 
vital signs, blood pressure, blood glucose and ECG 
in real time, and detect any arrhythmia such as atrial 
fibrillation.

Staff configuration in ESU
An ESU should be staffed with a 24/7 stroke team. The 
team should include a physician certified in treating AIS. 
This physician can assess the patient, review the indica-
tions for acute reperfusion treatment, make the treat-
ment decisions and obtain informed consent. The team 
should also include a certified nurse, who obtains timely 
vital signs, performs rapid blood glucose testing, estab-
lishes an intravenous line and administers thrombolytics 
according to the protocol.

An ESU doctor must meet the following conditions: 
(1) completing at least 1 month training and practice of 
ESU-based IVT for patients with stroke; (2) proficiency 
in operating bedside brain imaging equipment (eg, low-
field MRI scanner) and interpreting brain images with 

stroke-related lesions and vasculature (need to pass the 
examinations); (3) certified for ESU-based thrombolysis.

ESU-based stroke triage and treatment workflow and quality 
control
ESU-based emergency stroke triage and treatment workflow
The one-stop ESU-based emergency stroke triage 
and treatment workflow is shown in figure  3. After 
initial triage on arrival at the hospital, patients with 
suspected stroke will be directed immediately to 
the ESU. Then an ESU doctor should immediately 
take the medical history, perform physical exami-
nation, complete imaging examinations, determine 
the type of stroke (haemorrhagic/ischaemic stroke) 
and eligibility for acute reperfusion treatment, and 
obtain informed consent accordingly. Patients with 
AIS of different conditions as below should receive 
IVT±endovascular thrombectomy (EVT) as soon as 
possible, according to the guidelines. Patients who 
have completed assessment or treatment in the ESU 
should be transferred to the stroke unit or (neuro) 
intensive care unit for further treatment.
1.	 Patients with AIS within 4.5 hours of onset: IVT should 

be administered, and those with an LVO should un-
dergo EVT.

2.	 Patients with AIS within 4.5–6 hours of onset: those 
with an LVO should undergo EVT.

3.	 Patients with AIS patients with unknown onset time 
(eg, wake-up stroke): IVT can be administered if there 
is a DWI/FLAIR mismatch.

4.	 Patients with AIS patients within 6 hours of onset: EVT 
should be performed, if there is an LVO confirmed 
with multimodal CT/MRI examinations.

5.	 Patients with AIS within 4.5–24 hours of onset: IVT can 
be administered based on findings from multimodal 
CT/MRI examinations if the patient can not receive 
EVT.

Quality control indicators
1.	 The proportion of patients completing imaging ex-

aminations at ESU within 10 min of hospital arrival, 
among patients with suspected stroke presenting to the 
hospital within 4.5 hours of onset who are directed to 
the ESU, within a certain period of time (eg, 1 month).

2.	 The proportion of patients with door-to-needle time 
<20 minutes at ESU, among all patients with AIS receiv-
ing IVT within a certain period of time (eg, 1 month).

3.	 The proportion of patients receiving IVT within 
4.5 hours of onset at ESU, among all patients with AIS 
presenting to the hospital within 4.5 hours of onset, 
within a certain period of time (eg, 1 month).

SUMMARY
ESU can provide efficient and cohesive service to 
patients with AIS. It will facilitate the guideline-driven 
standardised rapid stroke work-up and IVT treatment 
of patients with AIS at any emergency room that can 
meet the requirement. This will further enhance the 
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quality of acute reperfusion treatment for patients 
with AIS in China, and achieve the goal of reaching 
the rate of IVT to 80% and EVT rate to 30% for 
eligible patients with AIS by 2030, as advocated in 
the ‘Healthy China Action Plan (2023–2030)’.12 This 
guideline will facilitate the integration and optimi-
sation of regional medical resources, and organise a 
more efficient emergency stroke care system in China.
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