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Abstract

Background: Neurological disorders are an economic and public health burden which requires efficient and
adequate medical resources. Currently, little is known about the status of the quality of neurological care services
available in China. As neurological primary care is mostly provided at the county hospital level, investigation of this
geographical level is required. The aim of this study is to evaluate currently available neurology care services in
Yangtze River Delta Urban Agglomerations in east China.

Methods: A multi-site, county-level hospital-based observational survey was conducted in east China from January
2017 to December 2017. A questionnaire was made to assess hospital and the departmental patient care
capabilities, human resources and technical capacity in neurology departments.

Results: Of 228 hospitals across the Yangtze River Delta Urban Agglomerations, 217 documents were returned. Of
these, 22 were excluded due to invalid hospital information or duplicate submission. Overall, most hospitals have
neurology departments (162, 83.1%) while less than half of the hospitals have a stroke center (80, 41.0%) and
neurology emergency department (46, 23.6%). Among 162 hospitals with neurology department, 5 were excluded
due to inadequate sharing, leaving 157 hospitals for analysis. About 84.1% of these neurology departments can
administer intravenous thrombolysis while about one third of them has the ability to perform arterial
thrombectomy (36.9%). In addition, 46.2% of hospitals can carry out computed tomography angiography (CTA) in
emergency room. Tertiary care hospitals are much more equipped with modern medical resources compared to
the secondary hospitals. In four administrative regions, the neurology services are better in more economically
advanced regions.

Conclusions: Neurological care services need to be enhanced at the county-level hospitals to improve health care
delivery.
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Background
Neurological disorders are a great threat to public health
[1]. The most common neurological disorders, including
stroke, Parkinson’s disease, Alzheimer’s disease, epilepsy,
headache disorders, multiple sclerosis, neurological in-
fections and traumatic brain injuries, are a significant

worldwide economic and health burden. Among those
neurological disorders, stroke is the second leading cause
of the death in the world and the leading cause of the
death in China [2, 3]. According to the Healthcare Ac-
cess and Quality (HAQ) index, stroke is ranked as the
second lowest among 32 diseases or conditions from
which death is preventable in China, which suggests that
the medical resource spending on stroke care are still in-
sufficient compared with other diseases [4]. To date, re-
search on the availability of neurological care, especially
on stroke care in hospital settings has been largely
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limited to in high income areas such as European coun-
tries [5]. There is a paucity of studies investigating the
delivery of neurological care services in China, especially
at county hospital level which provides neurology pri-
mary care services in most areas. One study indicates
that the proportion of stroke centers is relatively high in
eastern and southern China, and low in northeast and
western China [6].
This study evaluates the current status of available

neurological care services including hospital and neuro-
logical departmental setup, human resources and tech-
nical capacity at the county level in the Yangtze River
Delta Urban Agglomerations. The Yangtze River Delta
Urban Agglomerations has about 150 million people and
is one of the most economical active areas in China.
With a comprehensive understanding of current status
of neurological primary care services in China, more tar-
geted strategies could be undertaken to improve health
care, particularly in neurology services in China.

Methods
Data collection
This descriptive study was conducted in 228 county-
level hospitals from January 2017 to December 2017 in
Yangtze River Delta Urban Agglomerations which in-
cludes 4 administrative regions of China: Anhui Prov-
ince, Jiangsu Province, Zhejiang Province and Shanghai
(Fig. 1). There are totally 34 provincial-level administra-
tive regions (including 4 municipalities directly under
the Central Government) in China and we studied four
of them. The Yangtze River Delta Urban Agglomerations
represents the advanced economically or medically ad-
vanced regions. County level is at the third level of the
administrative hierarchy in the Chinese hospital system.

The first level is the provincial capital hospital (such as
comprehensive medical centers at Nanjing in Jiangsu
Province, Hangzhou in Zhejiang province, Hefei in An-
hui Province, or most university hospital in Shanghai or
Beijing), the second level are the comprehensive medical
centers in prefecture-level cities (such as municipal hos-
pital in Suzhou, Wuxi, etc.), and the third level are
county level hospitals (such as central hospital in each
county) or district central hospitals in big cities (dis-
cussed here as county level hospital), and the fourth
level are community healthcare centers which provide
primary medical care.
The investigators contacted the heads of all of the

neurology departments or the leaders of the neurology
subspecialty in Internal Medicine in county hospitals ei-
ther by face to face discussion, e-mails or telephone
calls, asking them to participate in the study. Once the
neurology departments head or the leaders of the neur-
ology subspecialty agreed to participate in the survey, he
or she was asked to complete the survey documents and
return them by mail. The survey on neurological prac-
tice was designed by the committee members of Union
of Neurology specialties of Yangtze River Delta Urban
Agglomerations (UN-YRDUA).

Standard protocol approvals
If the participants chose to complete the survey, consent
with participants was presumed.

Survey
Each responding neurology department head (or the
leader of neurology subspecialty) received questionnaire
documents by either e-mail or post. The cover letter in-
troduced the purpose of the survey, which was to

Fig. 1 The geographical locations of participating hospitals in Yangtze River Delta Urban Agglomerations of China
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investigate neurology departments and enhance the
neurology networks in Yangtze River Delta Urban Ag-
glomerations. The document aimed to assess the hos-
pital and department setup: information about the
hospital (hospital level, teaching hospital or not, pres-
ence of a stroke center, if yes, comprehensive stroke cen-
ter or primary stroke center, presence of an independent
Neurology Emergency, ability to perform multimodel
CTA in emergency departments), information about the
department (numbers of neurologists and nurses and
their education background, department technologies
and department settings).

Statistical analysis
We performed all analyses with IBM SPSS Statistics for
Windows software, version 24.0 (IBM Corp, Armonk,
NY). Findings from the analysis were reported in the
forms of numbers and percentages displayed in tables
underlying the availability of neurological services. Ana-
lysis also highlighted variances in available neurological
services across the study hospitals.

Results
From January 2017 to December 2017, of 228 invited
hospitals, a total of 217 documents were returned. Of
those 217 hospitals, 22 hospitals were excluded because
of inadequate data (3), were designated a non-county
level hospital (4) or were duplicate submissions (15).
The flow chart is showed in Fig. 2.

Characteristics
Table 1 summarizes the characteristics of 195 hospitals.
Half of them are teaching hospitals (50.8%). Most hospi-
tals are secondary hospitals (67.2%). In 80 hospitals
(41.0%) that have stroke centers, 13 (16.3%) of them
have comprehensive stroke centers. Less than half
(46.2%) of hospitals can carry out CTA in the Emer-
gency Department. Most hospitals (83.1%) have neur-
ology departments while few hospitals have emergency
departments for neurology (23.6%). Further analysis was
done according to hospital levels and administrative re-
gions (Table 1).
Of the 162 hospitals that have neurology departments,

5 hospitals were excluded for further analyses because of
inadequate information.
After further analyzing the features of 157 neurology

departments, characteristics are shown in Table 2. In
China, medical students can practice in the hospital after
they graduated with bachelor’s degree of medicine and
received necessary postdoctoral training. Less than one
quarter (22.3%) of neurology departments have physi-
cians who have doctoral degree, while 77.7% of depart-
ments have physicians who have a master’s degree. For
the stroke services, most hospitals (84.1%) can carry out
intravenous thrombolysis while one-third (36.9%) of hos-
pitals can carry out arterial thrombectomy. About half of
hospitals (58.6%) have digital subtraction angiography
(DSA) technology, but few departments have the ability
to carry out complicated procedures such as intracranial
arterial stenosis stenting (26.8%), extracranial arterial
stenosis stenting (27.4%), intracranial balloon dilatation
(15.9%), and extracranial balloon dilatation (14.6%). Few
departments can treat the patients with deep brain
stimulation (9.6%), transcranial magnetic stimulation
(7.6%), botulinum toxin therapy (19.7%), or perform
muscle biopsy (14.6%). More than half of the depart-
ments can carry out examinations such as electro-
encephalogram (82.2%), electromyography (65.6%) and
transcranial Doppler (56.1%), and 76 (48.4%) hospitals
can carry out polysomnography examinations. As for the
laboratory test, about 26.1% of hospitals have the drug
metabolism genetic testing (such as CYP2C19) and
56.1% have drug concentration testing (such as valproate
and carbamazepine). Finally, about one third of hospitals
(31.8%) have oligoclonal bands testing. Similarly, further
analysis was done according to hospital levels and ad-
ministrative regions (Table 1).

Discussion
We found that a high rate of hospitals have neurology
departments (83.1%) while less than half of the hospitals
have stroke centers (41.0%) and neurology emergency
services (23.6%). In available neurology departments,
most of them can carry out intravenous thrombolysis

Fig. 2 Flow of hospitals through survey
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(84.1%) while less of them have the ability to carry out
arterial thrombectomy (36.9%). Our results indicate that
stroke emergency services need to be enhanced in the
county-level hospitals.
Acute neurological disorders, such as stroke, are asso-

ciated with high mortality and disability and are a huge
public health burden. Early management is associated
with better outcome. In a previous study, 8–15% of pa-
tients admitted to emergency departments required
neurological assessment [7, 8]. Our survey found that
about a quarter of hospitals provide neurology emer-
gency services, which indicates a large services deficiency
and contributes to a serious problem. However, this situ-
ation is common in other countries, even in developed
countries [9–11]. In our study, we found about 46.2% of
hospitals can carry out multimodel CTA in emergency
room. The advances and availability of neuroimaging
will not only benefit the diagnosis but also become an
important part of treatment guidance [12].

Among all acute neurological disorders, stroke is one
of the most urgent events that requires prompt manage-
ment [13]. In 1996, the US Food and Drug Administra-
tion approved intravenous tissue plasminogen activator
(tPA) administered within 3 h of symptom onset as
treatment for acute ischemic stroke [14]. However, less
than 4.1% of ischemic stroke patients received this treat-
ment [15–17]. Therefore, in 2000, recommendations for
primary stroke centers were published in order to ad-
dress the shortcomings in the infrastructure and organi-
zations in hospitals [18]. Over the past 20 years, stroke
units have become the standard for in-hospital stroke
care [19]. However, clinical outcomes after stroke were
reported substantially poorer in low-income and middle-
income countries than in high-income countries [20].
Evidence-based treatments, diagnostics, and stroke units
were less commonly available or used in low and
middle-income countries [21]. In our study, we found
that only 41.0% of county-level hospitals have stroke

Table 1 Characteristics of the 210 participating hospitals according to hospital level and administrative region

Characteristics Overall
(n = 195)

Hospital level (n = 192) Administrative region (n = 195)

Tertiary
(n = 61)

Secondary
(n = 131)

Anhui
(n = 53)

Zhejiang
(n = 74)

Jiangsu
(n = 52)

Shanghai
(n = 16)

Hospital level a

Tertiary (high level) 61 (31.3%) – – 4 (7.5%) 27 (36.5%) 23 (44.2%) 7 (43.8%)

Secondary (moderate level) 131 (67.2%) – – 48 (90.6%) 45 (60.8%) 29 (55.8%) 9 (56.3%)

Primary (low level) 0 (0%) – – 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Missing b 3 (2.5%) – – 1 (1.9%) 2 (2.7%) 0 (0%) 0 (0%)

Teaching hospital

Yes 99 (50.8%) 52 (85.2%) 47 (35.9%) 15 (28.3%) 34 (45.9%) 39 (75.0%) 11 (68.8%)

No 96 (49.2%) 9 (14.8%) 84 (64.1%) 38 (71.7%) 40 (54.1%) 13 (25.0%) 5 (31.3%)

Stroke center

Yes 80 (41.0%) 39 (63.9%) 41 (31.3%) 4 (7.5%) 31 (41.9%) 36 (69.2%) 9 (56.3%)

Comprehensive stroke center 13 (16.3%) 8 (20.5%) 5 (12.2%) 0 (0%) 3 (9.7%) 5 (13.9%) 5 (55.6%)

Primary stroke center 67 (83.8%) 31 (79.5%) 36 (87.8%) 4 (100%) 28 (90.3%) 31 (86.1%) 4 (44.4%)

Under construction 64 (32.8%) 18 (29.5%) 46 (35.1%) 24 (45.3%) 28 (37.8%) 9 (17.3%) 3 (18.8%)

No 51 (26.1%) 4 (6.6%) 44 (33.6%) 25 (47.2%) 15 (20.3%) 7 (13.5%) 4 (25.0%)

Multimodel CTA in Emergency Room

Yes 90 (46.2%) 45 (73.8%) 45 (34.4%) 16 (30.2%) 29 (39.2%) 33 (63.4%) 12 (75.0%)

No 105 (53.8%) 16 (26.2%) 86 (65.6%) 37 (69.8%) 45 (60.8%) 19 (36.5%) 4 (25.0%)

Neurology department

Yes 162 (83.1%) 61 (100%) 101 (77.0%) 39 (73.6%) 56 (75.7%) 52 (100%) 15 (93.8%)

No 33 (16.9%) 0 (0%) 30 (22.9%) 14 (26.4%) 18 (24.3%) 0 (0%) 1 (6.3%)

Neurology Emergency

Yes 46 (23.6%) 25 (42.2%) 21 (16.0%) 11 (20.8%) 11 (14.8%) 14 (26.9%) 10 (62.5%)

No 149 (76.4%) 36 (57.8%) 110 (84.0%) 42 (79.2%) 63 (85.1%) 38 (73.1%) 6 (37.5%)

Values are number (percent) when appropriate. CTA Computed tomography angiography
a In China, all hospitals are classified into 3 levels: primary, secondary, and tertiary. Primary level hospitals (low level, 100 beds) aim to provide basic public health
services and consulting for their residents. Secondary (moderate level, 101–500 beds) and tertiary (high level, > 500 beds) hospitals provide specialized care
b The number of head of neurology departments who finished documentbut did not provide an answer to this item
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centers. Nevertheless, it is encouraging that in another
32.8% of hospitals, stroke centers are under construc-
tion, which will undoubtedly improve health care deliv-
ery for ischemic stroke patients. The findings that about
84.1% of the hospitals can carry out intravenous thromb-
olysis while 36.9% of hospitals have the ability to per-
form arterial thrombectory in county-level hospitals,
pointed out several issues. Firstly, we should enhance
the training to educate more neurologists and even in-
ternists so that more ischemic patients can receive treat-
ment timely. Secondly, providing infrastructure and
introducing expertise are also important. In China, med-
ical education is classified as Bachelor of Medicine, Mas-
ter’s degree of Medicine, and Doctoral degree of
Medicine. We found only about 22.3% of hospitals have
physicians who have doctorates. Finally, currently, not
all hospitals have the ability to provide intravenous
thrombolysis or even arterial thrombectory, it is crucial
to build stroke units and enhance neurology network/
stroke unit network so that stroke patients could be
treated in time and if need be, transferred to the quali-
fied hospitals (such as comprehensive a stroke center)

for further effective treatments without delay. Currently,
the time window of thrombolysis is increased from 3 to
4.5 h after acute ischemic stroke [22]. More recently,
stroke thrombolysis was demonstrated to be safe and ef-
ficacious in a later treatment window (> 4·5 h from
stroke onset) with appropriate patient selection using
neuroimaging [23, 24]. It underscores the importance of
extending the availability of stroke care resources and
infrastructure in order to meet the clinical needs of the
population with optimal treatment, reducing post-stroke
burden.
Few previous studies have been performed regarding

the structure and organizations of neurology depart-
ments in a wide range of county-level hospital facilities
in China. Other available neurological care services are
also shown in Table 2, providing information about the
current condition in county-level hospitals. Availability
of services for neurological disorders including stroke
care in the study hospitals was varied. Overall, the ter-
tiary hospitals are much better equipped with modern
medical resources including neurology specialists, avail-
able procedures, interventions or treatments, when

Table 2 Characteristics of the 169 neurology departments hospitals according to hospital level and administrative region

Characteristics Overall
(n = 157)

Hospital level (n = 157) Administrative region (n = 157)

Tertiary
(n = 61)

Secondary
(n = 96)

Anhui
(n = 38)

Zhejiang
(n = 56)

Jiangsu
(n = 49)

Shanghai
(n = 14)

Highest academic degree obtained

Doctor’s degree a 35 (22.3%) 22 (36.1%) 13 (13.5%) 0 (0%) 6 (10.7%) 16 (32.7%) 13 (92.9%)

Master’s degree 122 (77.7%) 60 (98.4%) 57 (59.4%) 18 (47.4%) 39 (69.6%) 46 (93.9%) 14 (100%)

The availability of neurological care services

Intravenous thrombolysis 132 (84.1%) 58 (95.1%) 74 (77.1%) 25 (65.8%) 51 (91.1%) 44 (89.8%) 12 (85.7%)

Digital subtraction angiography (DSA) 92 (58.6%) 51 (83.6%) 41 (42.7%) 15 (39.5%) 31 (55.4%) 36 (73.5%) 10 (71.4%)

Arterial thrombectomy 58 (36.9%) 40 (65.6%) 18 (18.8%) 7 (18.4%) 22 (39.3%) 23 (46.9%) 6 (42.9%)

Intracranial arterial stenosis stenting 42 (26.8%) 29 (47.5%) 13 (13.5%) 5 (13.2%) 13 (23.2%) 17 (34.7%) 7 (50.0%)

Extracranial arterial stenosis stenting 43 (27.4%) 34 (55.7%) 9 (9.4%) 4 (10.5%) 18 (32.1%) 16 (32.7%) 5 (35.7%)

Intracranial balloon dilatation 25 (15.9%) 19 (31.1%) 6 (6.3%) 2 (5.3%) 10 (17.9%) 8 (16.3%) 5 (35.7%)

Extracranial balloon dilatation 23 (14.6%) 16 (26.2%) 7 (7.3%) 3 (7.9%) 10 (17.9%) 6 (12.2%) 4 (28.6%)

Deep brain stimulation (DBS) 15 (9.6%) 7 (10.9%) 8 (8.3%) 1 (2.6%) 2 (3.6%) 7 (14.3%) 5 (35.7%)

Transcranial magnetic stimulation (TMS) 12 (7.6%) 6 (9.8%) 6 (6.3%) 1 (2.6%) 1 (1.8%) 6 (12.2%) 4 (28.6%)

Botulinum toxin therapy 31 (19.7%) 18 (29.5%) 13 (13.5%) 4 (10.5%) 11 (19.6%) 12 (24.5%) 4 (28.6%)

Muscle biopsy 23 (14.6%) 15 (24.6%) 8 (8.3%) 2 (5.3%) 7 (12.5%) 10 (20.4%) 4 (28.6%)

Electroencephalogram 129 (82.2%) 51 (83.6%) 78 (81.3%) 23 (60.5%) 49 (87.5%) 43 (87.8%) 14 (100%)

Electromyography 103 (65.6%) 48 (78.7%) 55 (57.3%) 11 (28.9%) 44 (78.6%) 36 (73.5%) 12 (85.7%)

Transcranial doppler 88 (56.1%) 45 (73.8%) 43 (44.8%) 11 (28.9%) 38 (67.9%) 27 (55.1%) 12 (85.7%)

Polysomnography (PSG) 76 (48.4%) 38 (62.3%) 38 (39.6%) 10 (26.3%) 30 (53.6%) 28 (57.1%) 8 (57.1%)

Drug metabolism genetic testing 41 (26.1%) 29 (47.5%) 12 (12.5%) 2 (5.3%) 16 (28.6%) 18 (36.3%) 5 (35.7%)

Drug concentration testing 88 (56.1%) 44 (72.1%) 44 (45.8%) 11 (28.9%) 39 (69.6%) 32 (65.3%) 6 (42.9%)

Oligoclonal bands testing 50 (31.8%) 29 (47.5%) 21 (21.9%) 6 (15.8%) 23 (41.1%) 17 (34.7%) 4 (28.6%)

Values are number (percent) when appropriate
a The number of hospitals that have doctors who owns doctorate in neurology department
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compared with the secondary hospitals. However, the
secondary hospitals are more likely to receive the acute
onset patients before referring to tertiary hospitals. Ac-
cording to the four administrative regions, the available
neurological care services are aligned with economic
levels. Compared with the other three other administra-
tive regions, Anhui province ranked last economically
(http://data.stats.gov.cn/english/). Accordingly, available
neurological services in Anhui province are less
equipped in almost all aspects. For examples, the hospi-
tals in Shanghai are much equipped and standardized in
practice than those hospitals in Anhui Province.
Our study has several limitations. First, it is not a na-

tional survey so it cannot represent the current hospital
and neurology department conditions of the entire coun-
try of China, and it actually represents a relatively ad-
vanced health care area within China. Second, since not
all county level hospitals in Yangtze River Delta Urban
Agglomerations have neurology department, and not all
hospitals we invited participated in our study, it may lead
to the selection and reporting bias. Third, we did not in-
clude telemedicine networks as part of survey, which also
serve as an important part of neurological services. Fur-
thermore, our study mainly investigates hospital settings
and department resources while lacking more detailed in-
formation such as assessments of the quality of diagnosis
and treatment in each hospital. For example, we did not
investigate the care timelines in stroke care due to re-
source constraints of the study, which needs to be in-
cluded in further studies since monitoring care timelines
is important for quality control of stroke care services.

Conclusions
Our study found a high rate of hospitals with neurology
departments while less than half of the hospitals have a
stroke center and neurology emergency services. Tertiary
are hospitals are much more equipped with modern
medical resources compared with secondary hospitals.
Our results indicate that stroke care services need to be
improved at the county-level hospitals and which should
improve health care delivery for the stroke patients to
receive the best therapy.

Abbreviations
CTA: Computed tomography angiography; DSA: Digital subtraction
angiography; tPA: Tissue plasminogen activator

Acknowledgements
We thank Professor William G. Ondo, Department of Neurology, Houston
Methodist Neurological Institute, and professor Fekete Robert, Department of
Neurology, New York Medical College, for language editing.

Authors’ contributions
Study concept and design: YCW. Data acquisition and analysis: JFZ, MYQ, KF,
YLZ, XXW, GPW, YG, KZZ. Manuscript drafting and revising: JFZ, MYQ, YLZ, KF
and YCW. All authors critically reviewed the manuscript and agreed on this
final version to be submitted to the journal.

Funding
This work is partially supported by the National Natural Science Foundation
of China (No. 81671251, 81971185) and The Clinical Research Innovation Plan
of Shanghai General Hospital (Grant No. CTCCR-2018B03). The funders had
no role in study design, data collection and analysis, decision to publish or
preparation of the manuscript.

Availability of data and materials
The data that support the findings of this study are available from
supplementary material.

Ethics approval and consent to participate
The study did not involve patients and no consent was required. The
Shanghai General Hospital Institutional Review Board ruled that no formal
ethics approval was required since this study did not involve the patient
participation.

Consent for publication
Not applicable.

Competing interests
Yun-Cheng Wu is an Editorial Board Member of BMC Neurology. Other
authors declare that they have no competing interests.

Author details
1Department of Neurology, Shanghai General Hospital, Shanghai Jiao Tong
University School of Medicine, No. 86, Wujin Road, Shanghai 200080, People’s
Republic of China. 2Department of Neurology, The First Affiliated Hospital of
USTC, Division of Life Sciences and Medicine, University of Science and
Technology of China, Hefei, Anhui, People’s Republic of China. 3Department
of Neurology, Zhejiang Provincial People’s Hospital, People’s Hospital of
Hangzhou Medical College, Hangzhou, People’s Republic of China.
4Department of Neurology, the First Affiliated Hospital of Nanjing Medical
University, Nanjing, People’s Republic of China.

Received: 28 December 2018 Accepted: 28 October 2019

References
1. Murray CJ, Lopez AD. Alternative projections of mortality and disability by

cause 1990-2020: global burden of disease study. Lancet. 1997;349(9064):
1498–504.

2. Zhou M, Wang H, Zhu J, Chen W, Wang L, Liu S, Li Y, Wang L, Liu Y, Yin P,
et al. Cause-specific mortality for 240 causes in China during 1990-2013: a
systematic subnational analysis for the global burden of disease study 2013.
Lancet. 2016;387(10015):251–72.

3. GBD 2016 Causes of Death Collaborators. Global, regional, and national age-
sex specific mortality for 264 causes of death, 1980–2016: a systematic
analysis for the Global Burden of Disease Study 2016. Lancet. 2017;
390(10100):1151–210.

4. GBD 2016 Healthcare Access and Quality Collaborators. Measuring
performance on the Healthcare Access and Quality Index for 195 countries
and territories and selected subnational locations: a systematic analysis from
the Global Burden of Disease Study 2016. Lancet. 2018;391(10136):2236–71.

5. Leys D, Ringelstein EB, Kaste M, Hacke W. Executive Committee of the
European Stroke I. facilities available in European hospitals treating stroke
patients. Stroke. 2007;38(11):2985–91.

6. Wu S, Wu B, Liu M, Chen Z, Wang W, Anderson CS, Sandercock P,
Wang Y, Huang Y, Cui L, et al. Stroke in China: advances and
challenges in epidemiology, prevention, and management. Lancet
Neurol. 2019;18(4):394–405.

7. Moulin T, Sablot D, Vidry E, Belahsen F, Berger E, Lemounaud P, Tatu L, Vuillier
F, Cosson A, Revenco E, et al. Impact of emergency room neurologists on
patient management and outcome. Eur Neurol. 2003;50(4):207–14.

8. Garcia-Ramos R, Moreno T, Camacho A, Gonzalez V, Bermejo F. Neurological
emergencies in a university hospital. Neurologia. 2003;18(8):431–8.

9. Warlow C, Humphrey P, Venables G. UK neurologists and the care of adults
with acute neurological problems. Clin Med (Lond). 2002;2(5):436–9.

10. Barsan WG, Pancioli AM, Conwit RA. Executive summary of the National
Institute of Neurological Disorders and Stroke conference on emergency
neurologic clinical trials network. Ann Emerg Med. 2004;44(4):407–12.

Zhang et al. BMC Neurology          (2019) 19:293 Page 6 of 7

http://data.stats.gov.cn/english/


www.manaraa.com

11. Janca A, Aarli JA, Prilipko L, Dua T, Saxena S, Saraceno B. WHO/WFN
survey of neurological services: a worldwide perspective. J Neurol Sci.
2006;247(1):29–34.

12. Wardlaw JM, Farrall AJ. Diagnosis of stroke on neuroimaging. BMJ. 2004;
328(7441):655–6.

13. Wardlaw JM, Zoppo G, Yamaguchi T, Berge E. Thrombolysis for acute
ischaemic stroke. Cochrane Database Syst Rev. 2003;3:CD000213.

14. National Institute of Neurological D, Stroke rt PASSG. Tissue plasminogen
activator for acute ischemic stroke. N Engl J Med. 1995;333(24):1581–7.

15. Katzan IL, Furlan AJ, Lloyd LE, Frank JI, Harper DL, Hinchey JA, Hammel JP,
Qu A, Sila CA. Use of tissue-type plasminogen activator for acute ischemic
stroke: the Cleveland area experience. Jama. 2000;283(9):1151–8.

16. Johnston SC, Fung LH, Gillum LA, Smith WS, Brass LM, Lichtman JH, Brown
AN. Utilization of intravenous tissue-type plasminogen activator for ischemic
stroke at academic medical centers: the influence of ethnicity. Stroke. 2001;
32(5):1061–8.

17. Nasr DM, Brinjikji W, Cloft HJ, Rabinstein AA. Utilization of intravenous
thrombolysis is increasing in the United States. Int J Stroke. 2013;8(8):681–8.

18. Alberts MJ, Hademenos G, Latchaw RE, Jagoda A, Marler JR, Mayberg MR,
Starke RD, Todd HW, Viste KM, Girgus M, et al. Recommendations for the
establishment of primary stroke centers. Brain Attack Coalition. Jama. 2000;
283(23):3102–9.

19. Stroke Unit Trialists’ Collaboration. Organised inpatient (stroke unit) care for
stroke. Cochrane Database Syst Rev. 2013;9(9):Cd000197.

20. Yusuf S, Rangarajan S, Teo K, Islam S, Li W, Liu L, Bo J, Lou Q, Lu F, Liu T,
et al. Cardiovascular risk and events in 17 low-, middle-, and high-income
countries. N Engl J Med. 2014;371(9):818–27.

21. Langhorne P, O'Donnell MJ, Chin SL, Zhang H, Xavier D, Avezum A, Mathur
N, Turner M, MacLeod MJ, Lopez-Jaramillo P, et al. Practice patterns and
outcomes after stroke across countries at different economic levels
(INTERSTROKE): an international observational study. Lancet. 2018;
391(10134):2019–27.

22. Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D, Larrue V,
Lees KR, Medeghri Z, Machnig T, et al. Thrombolysis with alteplase 3 to 4.5
hours after acute ischemic stroke. N Engl J Med. 2008;359(13):1317–29.

23. Ma H, Campbell BCV, Parsons MW, Churilov L, Levi CR, Hsu C, Kleinig TJ,
Wijeratne T, Curtze S, Dewey HM, et al. Thrombolysis guided by perfusion
imaging up to 9 hours after onset of stroke. N Engl J Med. 2019;380(19):
1795–803.

24. Campbell BCV, Ma H, Ringleb PA, Parsons MW, Churilov L, Bendszus M, Levi
CR, Hsu C, Kleinig TJ, Fatar M, et al. Extending thrombolysis to 4.5-9 h and
wake-up stroke using perfusion imaging: a systematic review and meta-
analysis of individual patient data. Lancet. 2019;394(10193):139–47.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Zhang et al. BMC Neurology          (2019) 19:293 Page 7 of 7



www.manaraa.com

BioMed Central publishes under the Creative Commons Attribution License (CCAL). Under
the CCAL, authors retain copyright to the article but users are allowed to download, reprint,
distribute and /or copy articles in BioMed Central journals, as long as the original work is
properly cited.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data collection
	Standard protocol approvals
	Survey
	Statistical analysis

	Results
	Characteristics

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

