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ABSTRACT

Prehospital delay is one of the major causes of low rate

of intravenous recombinant tissue plasminogen activator
(rt-PA) thrombolysis for acute ischaemic stroke in China.
Regional emergency systems have been proven a
successful approach to improve access to thrombolysis.
Shenzhen is a high population density city with great
geographical disparity of healthcare resources, leading

to limited access to rt-PA thrombolysis for most patients
with acute ischaemic stroke. To improve rapid access

to rt-PA thrombolysis in Shenzhen, a Shenzhen stroke
emergency map was implemented by Shenzhen healthcare
administrations. This map comprised certification of
qualified local hospitals, identification of patients with
stroke, acute stroke transport protocol and maintenance
of the map. We conducted a retrospective observational
study to compare consecutive patients with acute stroke
arriving at qualified local hospitals before and after
implementation of the Shenzhen stroke emergency map.
After implementation of the map, the rate of patients
receiving rt-PA thrombolysis increased from 8.3% to
9.7% (p=0.003), and the rate of patients treated with
endovascular thrombectomy increased from 0.9% to
1.6% (p<0.001). Sixteen of 20 hospitals have an increase
in the number of patients with stroke treated with rt-PA
thrombolysis. The median time between receipt of the call
and arrival on the scene reduced significantly (17.0 min vs
9.0min, p<0.001). In Shenzhen Second People’s Hospital,
the median onset-to-needle time and door-to-needle

time were reduced (175.5min vs 149.5min, p=0.039;
71.5min vs 51.5min, p<0.001). No statistically significant
differences were found in the proportion of rt-PA-treated
patients within various geographical distances. Currently,
there are more than 40 cities in China implementing a
stroke emergency map. The Shenzhen stroke emergency
map improves access to rt-PA thrombolysis for acute
ischaemic stroke, and the novel model has been expanded
to multiple areas in China. Future efforts should be
conducted to optimise the stroke emergency map.

INTRODUCTION

Stroke is the third leading cause of death and
adult disability in most Western countries,'
but is the leading in China.? In China, stroke
care costs approximately ¥40 billion per year,
10 times higher than cardiovascular diseases,’
which has a significant impact on national

approximately 70% of all types of stroke, and
the most effective treatment approach is early
reperfusion therapy. Currently, intravenous
recombinant tissue plasminogen activator
(rt-PA) is strongly recommended for selected
AIS in early reperfusion therapy within
4.5hours of symptom onset,' with earlier
administration associated with bigger propor-
tional benefit.? However, the rate of intrave-
nous rt-PA use remains very low (1.6%) in
China.® One of the major causes is the signif-
icant prehospital delays, making a multitude
of patients with AIS ineligible for reperfusion
therapies. In a study that involved 62 hospi-
tals in 37 cities across China, the median
time of prehospital delay was 15.0 hours.”
Based on these considerations, different
approaches have been explored to reduce
prehospital delay to improve access to throm-
bolysis. Regional emergency systems have
been successful in the rapid access to throm-
bolysis in London, Los Angeles and other
metropolises in the past decades.*'! Subse-
quently, guidelines emphasise the necessity of
developing regional systems of stroke care to
improve access to thrombolysis.'*
Shenzhen is the fourth largest city in
China and has a population of approximately
20 million residing in 700 km® On the basis
of the Monitoring System of New Stroke Cases
in Shenzhen data, 16739 new stroke cases
occurred in 2013, increasing at a rate of 10%
a year. Most healthcare resources are allo-
cated in south-western Shenzhen, resulting in
geographical disparity due to unbalanced allo-
cation of healthcare system resources. There-
fore, access to rt-PA therapy for a majority of
patients with AIS in Shenzhen is still limited.
To address this issue, a stroke emergency map
was established in November 2016, as part of
regional stroke systems of care. A stroke emer-
gency map is a regional emergency system,
not a simple geographical map, comprising
certification of qualified local hospitals, iden-
tification of patients with stroke, acute stroke
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rapid recognition and transport of appropriate patients
with AIS directly to appropriate hospitals (sometimes
bypassing the nearest hospitals) that can provide intrave-
nous thrombolysis and endovascular thrombectomy. The
objective of this study was to assess the effectiveness of
the Shenzhen stroke emergency map to optimise access
to rt-PA for patients with AIS.

METHODS

Study design

This is a retrospective observational study using data
from 1 January 2016 to 31 December 2017, comparing
the thrombolysis rate and thrombectomy rate as well as
emergency medical services (EMS) system response time
before (1 January 2016-31 December 2016) and after
(1 January 2017-31 December 2017) implementation of
the Shenzhen stroke emergency map.

Certification of qualified local hospitals

Ordered by healthcare administrations, the Stroke
Care Quality Management Center was established, as
an independent group, providing formal qualified local
hospital certification. Although stroke centre designa-
tions exist (such as acute stroke-ready hospital, primary
stroke centre (PSC) and comprehensive stroke centre
(GSC)), the committee of experts modified the desig-
nation to meet the circumstances in Shenzhen based on
recommendations for PSC and CSC." " Certification
criteria for qualified local hospitals of the Shenzhen
stroke emergency map were organised around six major
aspects of stroke care, including qualification of medical
institutions, department settings, infrastructure, staffing,
programmes to diagnose and treat patients with stroke,
as well as management system (online supplementary
file 1). After the written assessment material reviews,
onsite certification reviews were conducted by experts
with expertise in stroke care. To achieve qualified local
hospital certification, hospitals had to score more than
80 points. Qualified local hospitals that successfully met
the certification criteria were awarded certification for a
3-year period. To maintain certification, the onsite review
will be conducted every year. There are 74 1-2-0 network
hospitals in Shenzhen, but only 23 hospitals have acute
stroke care capability to apply for certification. Finally, 20
hospitals in 8 districts achieved qualified local hospital
certification.

Identification of patients with stroke

The first major issue for EMS staff (‘120 staff) is iden-
tifying the patients who should be transported to a
qualified local hospital under the acute stroke triage
protocol. After the identification of patients with stroke,
EMS staff should initiate appropriate treatment on the
scene, determine the most appropriate hospital, notify
the receiving hospital and transport patients rapidly.
With the support of Shenzhen healthcare administra-
tions, the EMS training was developed by collaboration of
EMS directors, stroke centre directors, and experts from

EMS and stroke centres. Training was provided to EMS
communicators/dispatchersand staff about the knowl-
edge of stroke by neurologists and educational materials
which reflect current published guidelines for prehos-
pital management of patients with AIS. The training
ensures the EMS communicators can recognise the signs
and symptoms of stroke as reported by callers, and prior-
itise ambulance dispatch for patients with acute stroke.
More than 50 EMS staff were given training to identify
potential patients with stroke on the scene, and perform
the shortened National Institutes of Health Stroke Scale
(NIHSS) or Cincinnati Prehospital Stroke Scale (CPSS)
assessment rapidly, assisting them in rendering a primary
diagnosis of stroke. To ensure optimal EMS for patients
with stroke, these stroke training efforts were planned to
be conducted periodically (once every month in the first
half year, once every 3 months in the second half year and
per 6months later). Also, stroke centre leaders and EMS
directors would adjust the frequency of stroke training
based on continuous quality improvement projects.

Acute stroke triage protocol

An acute stroke transport protocol within a region must
consider several factors, such as time from onset (or last
known well), transport distances, transport time, the
capability of hospitals and patient preference. Shenzhen
1-2-0 First Aid Network consists of 74 network hospitals,
81 first aid stations and 142 network ambulances. The
1-2-0 first-aid call centre is the only system that responds
to all 120 calls in the city, providing central coordination
of all ambulances service 24/7 (24 hours per day, 7 days
per week) and ensuring rapid and efficient dispatch and
transfer. All dispatch and transfers follow the principle of
proximity, dispatching the nearest available ambulance
and transferring to the nearest qualified local hospital
with stroke care capability certification. Furthermore, the
process of hospital decision-making must consider the
right of patient and patient family members to discuss
with the EMS staff which hospital they want to be trans-
ported to, avoiding unethical or financially driven behav-
iours. The flow diagram can be seen in figure 1.

Maintenance of the map

After the stroke emergency map was established, a
programme for stroke care quality improvement was
established. Such a programme will review the following
data: number of disease-specific patients, method of treat-
ment, timeline for providing treatment and assessment
of outcome, implemented by the Stroke Care Quality
Management Center. All the qualified local hospitals
must collect the data on the performance of quality meas-
urements and submit them quarterly to the Stroke Care
Quality Management Center. The programme is financed
by Shenzhen healthcare administrations.

Statistical analysis
Continuous variables were presented as mean+SD or
median (IQR), and categorical variables were presented
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Acute stroke triage protocol

Receipt of the call
( recognize signs and symptoms of stroke,
prioritize the nearest ambulance dispatch)

Emergency medical response |

Perform and document results of
pre-hospital stroke identification

screen

No

fer to th
Stroke suspected? |——> Transfer to the
nearest hospital
Yes
Identify and document Time
Last Known Well(LKW)
No

Transport to nearest

LKW less than 4.5 hours? |———>

hospital

Yes

Transport directly to nearest
qualified hospital and pre-notify

receiving hospital

Figure 1 Flow of acute stroke triage protocol. The
emergency medical service (EMS) communicators receive
the call, recognise the signs and symptoms of stroke, as
well as prioritise the nearest ambulance dispatch. After the
ambulance arrival on the scene, EMS staff perform and
document the results of prehospital stroke identification
screen. If stroke is suspected, the time last known well
(LKW) is identified and documented. If the LKW is less than
4.5hours, the patient is transported directly to the nearest
qualified hospital and the receiving hospital prenotified. If not,
the patient will be transported to the nearest hospital.

as frequencies. Comparisons were performed on throm-
bolysis rate, thrombectomy rate, median time between
receipt of the call and arrival on the scene, median
onset-to-needle time (ONT), median door-to-needle
time (DNT), and the rate of rt-PA-treated patients within
various distances before and after map implementa-
tion using independent Student’s t-test, Mann-Whitney
U test and Pearson’s X” test as appropriate. All of the
statistical analyses were performed using SPSS V.22.0.
A p value <0.05 was considered statistically significant
(two-sided).

RESULTS

The stroke emergency map was released in Shenzhen in
November 2016 (figure 2), which only showed hospitals
that have intravenous thrombolysis capability. The map
showed some large geographical areas with high popu-
lation density that have no one qualified hospital, such
as the northern part of Baoan District, Pingshan District
and Dapeng District. Figure 3 is the updated version of
the map released in 2018. It clearly showed the hospi-
tals that have thrombolysis and thrombectomy capabili-
ties, newly qualified hospitals (Shenzhen Baoan Second
People’s Hospital and Shenzhen Baoan Traditional
Chinese Medicine Hospital), and new sites undergoing
construction or planned (Shenzhen Songgang People’s
Hospital, Shenzhen Pingshan New District People’s
Hospital and Shenzhen Dapeng Kuichong People’s
Hospital).

The stroke emergency map initiative resulted in an
immediate increase in the absolute number of patients
with acute stroke treated with rt-PA thrombolysis from 568
to 802, corresponding to an increase in the rate of rt-PA
thrombolysis from 8.3% to 9.7% (p=0.003) (table 1). The
number of patients treated with endovascular throm-
bectomy increased from 60 to 136, corresponding to
an increase in the rate of endovascular thrombectomy
from 0.9% to 1.6% (p<0.001) (table 1). Furthermore,
there was a significant reduction in the median time
between receipt of the call and arrival on the scene
(17.1min vs 9.7min, p<0.001) (table 1). In Shenzhen
Second People’s Hospital, the median ONT and DNT for
rt-PA-treated patients decreased by 26 min and 20min,
respectively (175.5min vs 149.5min, p=0.039; 71.5min
vs 51.5min, p<0.001) (table 1). However, the proportion
of the rt-PA-treated patients within various geographical
distances of Shenzhen Second People’s Hospital did not
differ significantly before and after the implementation of
the map (table 1). Sixteen of 20 hospitals had an increase
in the number of rt-PA-treated patients, especially Shen-
zhen Longgang People’s Hospital, University of Chinese
Academy of Sciences Shenzhen Hospital and Peking
University Shenzhen Hospital, while 4 of 20 hospitals
had the opposite result (figure 4). Moreover, the hospi-
tals that had an increase in the number of rt-PA-treated
patients had no significant difference in stratification by
hospital designation (thrombolysis-capable only vs throm-
bolysis-capable and thrombectomy-capable) (7/9vs9/11,
p=0.822). Such stroke emergency maps have been estab-
lished in multiple areas in China. Currently, there are
more than 40 cities in China establishing an stroke emer-
gency map.

DISCUSSION

This stroke emergency map was immediately successful
in improving rt-PA thrombolysis access for eligible
patients with AIS, increasing rt-PA thrombolysis rates in
Shenzhen and demonstrating the need for integrated
systems of stroke care. Most hospitals had an increase
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in the number of patients treated with rt-PA, while four
hospitals even had an opposite result, probably reflecting
the transport of more patients to nearer qualified hospi-
tals. Therefore, EMS must determine the hospital trans-
port destinations based on the triage protocol, avoiding
competition among hospitals for patients. As is shown
in figure 2, Shenzhen Longgang People’s Hospital and
the University of Chinese Academy of Sciences Shen-
zhen Hospital serve in a large geographical area where
there is only one qualified hospital receiving the majority
of patients in this area, leading to a great increase in
the number of rt-PA-treated patients. The elapsed time
from receipt of the call to arrival on the scene (overall
EMSsystem response time) was shorter after implementa-
tion of stroke emergency map, implying more rapid iden-
tification of patients with stroke and ambulance dispatch.
For patients receiving rt-PA in Shenzhen Second People’s
Hospital, both prehospital and in-hospital delay (ONT
and DNT) decreased, probably resulting from improve-
ment of overall EMSsystem response and in-hospital work-
flow due to prehospital hospital notification. However,
the proportion of patients transferred from long distance
did not decrease after implementation of the map, prob-
ably because Shenzhen Second People’s Hospital with
high-level stroke care capability attracted long-distance
patients to require transportation to farther hospitals.
Therefore, EMS staff training should include prehospital
patient education about the importance of therapeutic

A Qualified local hospitals

Yantian District

Initial version of the stroke emergency map. The map only showed hospitals that have thrombolysis capabilities. It
showed some large geographical areas with high population density that have no one qualified hospital, such as the northern
part of Baoan District, Pingshan District and Dapeng District. Red ‘A’ indicated qualified hospitals that have stroke care

capabilities.

time window. Overall, ongoing quality improvement
efforts should be made to ensure desired results.

The successful implementation of an stroke emergency
map in Shenzhen was generalised to other cities with a
positive outcome to increase accessibility to rt-PA. The
growing stroke emergency map in China meets the great
need of a large population and is extremely important
for both individuals and society in reducing stroke
morbidity and mortality. It could have other functions,
such as guiding local policy makers to establish new qual-
ified stroke centres in regional areas that lack stroke care
resources (such as Shenzhen Songgang People’s Hospital,
Shenzhen Pingshan New District People’s Hospital
and Shenzhen Dapeng Kuichong People’s Hospital),
promoting establishment and improvement of prehos-
pital emergency network, promoting the formation of
stroke prehospital triage system and improving awareness
of patients of nearby hospitals with stroke care capabil-
ities. With the increase of the map across China, estab-
lishing an organisation for developing entry criteria to
provide official certification process and unified manage-
ment of all maps is the critical next step.

Recent evidence on the benefit of endovascular throm-
bectomy in patients presenting within 16-24hours from
time last known well has promoted to increase access
to hospitals that provide efficacious therapy rapidly
and safely.'® 7 A randomised clinical trial showed that
interhospital transfer is the most important cause of
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Figure 3 Updated version of the stroke emergency map. The map showed hospitals that have thrombolysis and
thrombectomy capabilities, newly qualified hospitals (Shenzhen Baoan Second People’s Hospital and Shenzhen Baoan
Traditional Chinese Medicine Hospital), and new sites undergoing construction or planned (Shenzhen Songgang People’s
Hospital, Shenzhen Pingshan New District People’s Hospital and Shenzhen Dapeng Kuichong People’s Hospital). Red
‘A’ indicated hospitals that have thrombolysis capabilities. Red ‘&’ indicated hospitals that have both thrombolysis and
thrombectomy capabilities. Black ‘¥’ indicated a new site under construction. ‘o’ indicated a new planned site.

endovascular treatment delays (the Multicenter Random-  interhospital transfer delay is mainly attributable to door-
ized Clinical Trial of Endovascular Treatment for Acute in-door-out (DIDO) times at the PSC." The benefit of
Ischemic Stroke in the Netherlands).'® Furthermore, the  endovascular thrombectomy for AIS is also significantly

Table 1 Comparison of patients with acute ischaemic stroke before and after implementation of the stroke emergency map

Before map After map P value
Number (%) of patients treated with rt-PA
thrombolysis 568/6843 (8.3) 802/8268 (9.7) 0.003
Number (%) of patients treated with endovascular 60/6843 (0.9) 136/8268 (1.6) <0.001
thrombectomy
Median time between receipt of the call and 17.0 (7.0) 9.0 (3.8) <0.001
arrival on the scene (min) (IQR )
Median onset-to-needle time (min) (IQR ) 175.5 (67.8) 149.5 (71.8) 0.039
Median door-to-needle time (min) (IQR ) 71.5 (43.8) 51.5 (26.8) <0.001
Number (%) of rt-PA-treated patients within various distances of Shenzhen Second People’s Hospital
<8km 10/56 (17.9) 9/58 (15.5) 0.738
3-5 km 11/56 (19.6) 10/58 (17.2) 0.741
5-10 km 15/56 (26.8) 15/58 (25.9) 0.911
>10 km 20/56 (35.7) 24/58 (41.4) 0.535

In 20 qualified hospitals, the number of patients with acute stroke treated with rt-PA thrombolysis increased from 568 to 802, and the rate

of rt-PA thrombolysis increased from 8.3% to 9.7%. The number of patients treated with endovascular thrombectomy increased from 60 to
136, and the rate of patients treated with endovascular thrombectomy increased from 0.9% to 1.6%. Furthermore, the median time between
receipt of the call and arrival on the scene decreased significantly. In Shenzhen Second People’s Hospital, the median onset-to-needle time
and door-to-needle time for rt-PA-treated patients decreased by 26 min and 20 min, respectively. The proportion of rt-PA-treated patients
within various geographical distances of Shenzhen Second People’s Hospital did not differ significantly.

rt-PA, recombinant tissue plasminogen activator.
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K Shenzhen Hengsheng Hospital
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T Shenzhen Longhua District Central Hospital

Figure 4 Comparison of the number of patients treated with rt-PA thrombolysis in 20 qualified hospitals. Sixteen

of 20 hospitals had an increase in the number of rt-PA-treated patients, especially Shenzhen Longgang People’s
Hospital, University of Chinese Academy of Sciences Shenzhen Hospital and Peking University Shenzhen Hospital, while
4 of 20 hospitals had the opposite result. rt-PA, recombinant tissue plasminogen activator.

time—dependent,20 and making every effort to avoid inter-
transfers and reduce intertransfer delay is a direction
for future exploration. For patients with suspected large
vessel occlusion (LVO), EMS must determine whether to
select bypassing a closer thrombolysis-capable hospitals
directly to a thrombectomy-capable hospital (mothership
model), or transferring to thrombectomy-capable hospital
after initiating intravenous thrombolysis at a closer throm-
bolysis-capable hospitals (drip-and-ship model). The
Lifeline Stroke Committee craft a consensus algorithm
that recommends transport to the closest PSC or acute
stroke-ready hospital if the additional transport delay to
CSC is more than 15min.?! However, the DIDO times
are generally prolonged in China due to uneven level of
stroke centres (or acute stroke-ready hospital), lack of
corresponding interhospital transfer workflow, incentives
and continuous quality improvement projects. Therefore,
bypassing a nearby thrombolysis-capable centre directly
to a thrombectomy-capable hospital may be reasonable in
some circumstances. In the new 2018 version of the map,
hospitals that have thrombectomy capabilities are clearly
indicated. Hence, after identifying prehospital patients
with suspected LVO using stroke severity scales, EMS can
directly transfer patients to thrombectomy-capable hospi-
tals for endovascular recanalisation therapy. Efforts are
now under way in EMS training on performing stroke
severity scales to assess potential LVO.

Increasingly, telemedicine has been proven useful in
prehospital stroke evaluation and triage. A retrospective
observational study compared clinical outcomes of acute
endovascular treatment between patients with AIS trans-
ferred after telemedicine consultation and those primarily

admitted to tertiary hospitals. The patients treated
by telestroke and those primarily admitted observed
similar rates of endovascular reperfusion and beneficial
functional outcomes.? Furthermore, in Germany, the
uses of telemedicine for stroke involve a hub-and-spoke
telestroke network, in which the hub hospital provides
telestroke service 24/7 to spoke hospitals without neuro-
logical or radiological services.”” Within the stroke emer-
gency map, telemedicine may play a role in identification
of appropriate patients who are in need of emergent
transfer to thrombectomy-capable hospitals, while those
with suspected LVO are primarily admitted to thromboly-
sis-capable hospitals.

Early recognition of stroke warning signs is essential
for seeking emergency care immediately. Unfortunately,
data from three cities in China showed that public aware-
ness of stroke symptoms and treatment remains poor,
and only 18.8% used the EMS.** Therefore, it is critical
to improve public awareness of stroke and stroke recog-
nition to trigger EMS in a rapid manner. Public stroke
education is aimed at patients with stroke and their family
members, especially younger generation, and requires
repetition for a continuing impact. Stroke 120 as a novel
stroke educational tool can be easily remembered even by
those with no high education.”” One public stroke educa-
tion programme combining stroke emergency map and
Stroke 120 is now running to improve stroke awareness
and EMS utilisation in Shenzhen.

There were several limitations to our study. We iden-
tified the beginning of implementation period as the
year 2017, not the actual dates of releasing the map,
which had a I-month trial adjustment period. Also, as
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a retrospective study, we lacked completeness of data-
bases, because the data were not primarily collected
for study purposes. First, although EMS staff were
provided training to identify potential stroke using
NIHSS or CPSS, the EMS documentation does not
record whether the scales were used. As a result, we
could not analyse the rate of CPSS or NIHSS use.
Second, there were no data exchange between EMS
and the hospital with the limitation of privacy rule and
data safety. Hence, we could not analyse the accuracy
of stroke identifications by EMS staff by comparing the
initial prehospital screening with final patient diag-
noses, leading to no evaluation of EMS hospital deci-
sion-making. Third, the databases did not include
the data of eligible patients receiving thrombectomy,
because emergency imaging assessment of intracra-
nial vessels was not routinely used in all patients with
stroke (only an NIHSS score of 27). Further research
on prehospital training, data and information secu-
rity, as well as databases was still needed. In addition,
our study period was only 2years, and our results were
unable to account for temporal trends in thrombol-
ysis and thrombectomy rates. A further limitation
is that this study only reviewed patients with stroke
transported to 20 qualified hospitals, not all hospitals
in Shenzhen with limited resources. Finally, our study
was a retrospective single-centre study, and further
multicentre prospective cohort studies are needed.

In summary, the article describes the key compo-
nents of a city-wide stroke emergency map, such as
certification of qualified local hospitals, identifica-
tion of patients with stroke, acute stroke transport
protocol and maintenance of the map, and high-
lights the successful implementation of a stroke
emergency map in Shenzhen. For ischaemic stroke
with suspected LVO, rapid identification of LVO
and bypassing a nearby thrombolysis-capable centre
directly to thrombectomy-capable hospitals indicated
in the map may be reasonable, and further research
should be encouraged. Telemedicine will play a key
role in identifying appropriate patients needing more
advanced treatment, optimising the referral system of
prehospital emergency network. Additionally, future
efforts should be conducted to improve public stroke
awareness and EMS utilisation, which is a long-term
repetition task.
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