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International Comparison of Patient Characteristics and Quality of
Care for Ischemic Stroke: Analysis of the China National Stroke
Registry and the American Heart Association Get With The
Guidelines––Stroke Program
Runqi Wangqin, MD, MHS; Daniel T. Laskowitz, MD, MHS; Yongjun Wang, MD; Zixiao Li, MD, PhD; Yilong Wang, MD, PhD; Liping Liu, MD,
PhD; Li Liang, PhD; Roland A. Matsouaka, PhD; Jeffrey L. Saver, MD; Gregg C. Fonarow, MD; Deepak L. Bhatt, MD, MPH; Eric E. Smith, MD,
MPH; Lee H. Schwamm, MD; Janet Prvu Bettger, ScD; Adrian F. Hernandez, MD, MHS; Eric D. Peterson, MD, MPH; Ying Xian, MD, PhD

Background-—Adherence to evidence-based guidelines is an important quality indicator; yet, there is lack of assessment of
adherence to performance measures in acute ischemic stroke for most world regions.

Methods and Results-—We analyzed 19 604 patients with acute ischemic stroke in the China National Stroke Registry and
194 876 patients in the Get With The Guidelines––Stroke registry in the United States from June 2012 to January 2013. Compared
with their US counterparts, Chinese patients were younger, had a lower prevalence of comorbidities, and had similar median, lower
mean, and less variability in National Institutes of Health Stroke Scale (median 4 [25th percentile–75th percentile, 2–7], mean
5.4�5.6 versus median 4 [1–10], mean 6.8�7.7). Chinese patients were more likely to experience delays from last known well to
hospital arrival (median 1318 [330–3209] versus 644 [142–2055] minutes), less likely to receive thrombolytic therapy (2.5%
versus 8.1%), and more likely to experience treatment delays (door-to-needle time median 95 [72–112] versus 62 [49–85]
minutes). Adherence to early and discharge antithrombotics, smoking cessation counseling, and dysphagia screening were
relatively high (eg >80%) in both countries. Large gaps existed between China and the United States with regard to the
administration of thrombolytics within 3 hours (18.3% versus 83.6%), door-to-needle time ≤60 minutes (14.6% versus 48.0%), deep
venous thrombosis prophylaxis (65.0% versus 97.8%), anticoagulation for atrial fibrillation (21.0% versus 94.4%), lipid treatment
(66.3% versus 95.8%), and rehabilitation assessment (58.8% versus 97.4%).

Conclusions-—We found significant differences in clinical characteristics and gaps in adherence for certain performance measures
between China and the United States. Additional efforts are needed for continued improvements in acute stroke care and
secondary prevention in both nations, especially China. ( J Am Heart Assoc. 2018;7:e010623. DOI: 10.1161/JAHA.118.
010623)
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S troke is the second leading cause of death worldwide. More
than 6 million people died of stroke in 2015, with nearly 90%

of these deaths in low- and middle-income countries.1,2 According
to the World Health Organization, these numbers are expected to
rise without proper intervention. The stroke burden in China has
increasedover thepast 3decadesandhasnowbecome the leading

cause of mortality, resulting in 1.6 million deaths per year.3,4 In
contrast, the stroke burden and mortality rates have declined in
many high-income countries.5 For instance, stroke recently
declined from the third to the fifth leading cause of death in the
United States, largely attributable to improved prevention and
acute stroke care.6 In an effort to overcome the global stroke
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pandemic, the World Health Organization and United Nations
declaration has called for a 25% relative reduction in premature
mortality from noncommunicable diseases including stroke by the
year 2025.7,8 Given the high mortality rates and chance of stroke
recurrence, there is an urgent need to improve both acute stroke
care and secondary prevention efforts. This should include
measures to ensure adherence to evidence-based stroke care at
both the acute phase and after discharge.

Quality improvement programs such as the American Heart
Association/American Stroke Association (AHA/ASA) Get
With The Guidelines––Stroke (GWTG-Stroke) have been
shown to improve quality of care and outcomes for patients
with strokes.9,10 However, little is known about standardized
quality-of-care measures in other nations, especially in the
developing world with different racial/ethnic composition and
healthcare systems. Furthermore, international comparisons
of disease presentation and adherence to evidence-based
quality measures may identify gaps and yield actionable
insights to guide changes in policy and clinical practice.
Therefore, the objective of this study was to compare patient
characteristics and performance measures among patients
with acute ischemic stroke in China, the largest middle-
income economy, and the United States, the largest high-
income economy in the world. Comparison of these 2
countries is facilitated by the presence of harmonized
reporting measures in the China National Stroke Registry
(CNSR) and the GWTG-Stroke registry.

Methods
The authors declare that all supporting data are available
within the article.

GWTG-Stroke and CNSR Phase II
The GWTG-Stroke program is an ongoing, voluntary, national
stroke registry sponsored by the AHA/ASA. Details of the
design and conduct of the GWTG-Stroke program have been
previously reported.9,11 Trained hospital personnel use a web-
based patient management tool to collect information on
consecutive patients with ischemic stroke admitted to the
hospital. Standardized data collection includes patient demo-
graphics, medical history, diagnostic testing, brain imaging, in-
hospital treatment, and outcomes. Importantly, the program
includes a set of performance measures to quantify the
quality of stroke care and use the results of those measures
to guide the quality improvement efforts at participating
centers. Each participating hospital received either human
research approval to enroll consecutive patients without
individual patient consent under the Common Rule or a waiver
of authorization and exemption from subsequent review by
their institutional review board. Since its inception in 2003,
the GWTG-Stroke program has enrolled more than 5 million
stroke cases from over 1900 hospitals, representing nearly
70% of ischemic stroke hospitalizations in the United States in
recent years.

CNSR phase II, launched in 2012, is a nationwide voluntary
hospital-based stroke registry sponsored by the Ministry of
Science and Technology and Ministry of Health of the People’s
Republic of China. Details of CNSR phase II have been
reported.12,13 A total of 219 hospitals from 27 provinces and
4 municipalities in Mainland China joined CNSR phase II and
consecutively enrolled patients presenting with acute stroke or
transient ischemic attack within 7 days of symptom onset.
Because of a lack of research infrastructure and anticipated low
volumes, community hospitals with fewer than 100 beds and
rural hospitals did not participate in the registry. Research
coordinators at each CNSR phase II hospital were trained to
review the medical notes daily and identify, obtain informed
consent from, and enroll consecutive patients with stroke. Data
were collected using an internet-based patient data manage-
ment tool for each eligible hospitalized case. Because many
data elements in CNSR phase II were developed and adapted
from the GWTG-Stroke registry, the overlap reporting systems
allow a head-to-head comparison of characteristics, disease
presentation, and patterns of stroke care between US and
Chinese patients.

Quality-of-Care Definitions
The GWTG-Stroke program developed a set of process-based
measures to quantify the quality of care for patients with
stroke. These include 7 evidence-based performance mea-
sures (3 acute and 4 discharge measures) and 4 quality
measures and exclude patients with documented contraindi-
cations or other exceptions to treatment eligibility.

Clinical Perspective

What Is New?

• Adherence to evidence-based guidelines is an important
indicator of hospital stroke care quality.

• This international comparison study found significant differ-
ences in adherence to stroke performance measures
between China and the United States with regard to stroke
thrombolytic therapy, deep venous thrombosis prophylaxis,
anticoagulation for atrial fibrillation, lipid treatment, and
rehabilitation assessment.

What Are the Clinical Implications?

• We identified suboptimal care in acute stroke treatment and
secondary prevention in China, representing potential
targets for quality improvement.

• National efforts are needed to improve evidence-based
stroke care and outcomes.
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Acute performance measures

1. Intravenous tissue plasminogen activator in patients who
arrive within 2 hours after symptom onset and are treated
within 3 hours of symptom onset (intravenous tissue
plasminogen activator <2 hours).

2. Antithrombotic medication (antiplatelet or anticoagulant
agents) administered by the end of hospital day 2 (“early
antithrombotics”).

3. Deep venous thrombosis prophylaxis (warfarin, heparin,
low-molecular-weight heparin, other anticoagulants, or
pneumatic compression devices) administered by the
end of hospital day 2 in nonambulatory patients.

Discharge performance measures

1. Antithrombotic medication (antiplatelet or anticoagulant)
prescribed at discharge (“discharge antithrombotics”).

2. Anticoagulation prescribed at discharge in patients with
documented atrial fibrillation (“anticoagulation for atrial
fibrillation”).

3. Lipid-lowering medication prescribed at discharge to
patients with low-density lipoprotein >100 mg/dL, or
those treated with lipid-lowering agents before admission,
or in whom low-density lipoprotein was not documented
(“low-density lipoprotein 100”).

4. Smoking cessation intervention (counseling or medication)
at or before discharge for patients who are current
smokers (“smoking cessation”).

Other quality measures

1. Door-to-computed tomography time ≤25 minutes.
2. Door-to-needle time ≤60 minutes in patients treated with

intravenous tissue plasminogen activator.
3. Dysphagia screening before any oral intake.
4. Stroke rehabilitation assessment.

These measures have been adopted in CNSR phase II using
the same definitions. While not as comprehensive as the
World Stroke Organization stroke quality indicators, these
parameters are also covered by the World Stroke Organization
guidelines and represent the core elements of stroke care
from hyperacute phase, acute inpatient care, to secondary
prevention and rehabilitation.7

Statistical Analysis
Baseline characteristics and performance measures were
compared between Chinese and US patients with stroke
using standardized difference. Unlike t and chi-square tests,
the standardized difference is not dependent on sample
size. Importantly, only aggregated data such as mean,
variance, and percent are used for standardized difference

calculation without the need for individual-level data
sharing.

For binary variables:

d ¼ 100� ðPCN � PUSÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
PCNð1�PCNÞþPUSð1�PUSÞ

2

q

For continuous variables:

d ¼ 100� ðxCN � xUSÞffiffiffiffiffiffiffiffiffiffiffiffiffi
S2CNþS2US

2

q

where �x, S2, and P denote mean and variance of a
continuous variable and prevalence of a binary variable. A
standardized difference <0.1 (10%) and >�0.1 (�10%)
indicates a negligible difference in the mean or prevalence
of a variable, while ≥0.1 (10%) or ≤�0.1 (�10%) indicate an
important imbalance between 2 study groups.14 There were
relatively low rates of missing (<2.5%) for all variables except
for last known well to arrival time (0.4% in China and 23.6%
in the United States), arrival mode (14.9% in the United
States), and National Institutes of Health Stroke Scale
(25.7% in the United States). Standardized differences were
also used to quantify the quality-of-care measures between
China and the United States. No risk adjustment was
performed because performance and quality measures apply
to eligible patients only.

This study was approved by the institutional review board
of Duke University and the Clinical Research Center and
Beijing Tiantan Hospital, Capital Medical University. All
statistical analyses were performed using SAS version 9.4
(SAS Institute Inc).

Results

Baseline Characteristics and In-Hospital
Treatment
A total of 19 604 patients with acute ischemic stroke
from 219 participating centers in CNSR phase II and
194 876 patients from 1548 sites in the GWTG-Stroke
registry between June 2012 and January 2013 were
included in this analysis. Compared with US hospitals,
the median hospital bed size (1000 versus 367) and
stroke volume (447 versus 217) were higher in China
(Table 1). Nearly 60% of patients were cared for in
academic centers in both China and the United States.
Divided by regions in China, the East (59.8%) had the
largest number of patients, followed by Central (22.8%),
and West (17.4%), which was consistent with the country’s
uneven population distribution.
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Table 1. Baseline Characteristics and In-Hospital Treatment of Acute Ischemic Stroke in Patients in China and the United States

CNSR Phase II (n=19 604) GWTG-Stroke (n=194 876) Standardized Difference

Patient characteristics

Age, median (p25–p75), y 65 (57–74) 72 (60–82) �42.7

Women, % 36.6 51.0 �29.5

Last known well to arrival, median (p25–p75), min 1318 (330–3209) 644 (142–2055) +38.6

Arrival by EMS, % 13.4 49.4 �131.3

Arrival by private transport/taxi/other from home/scene, % 70.3 35.0 +131.3

NIHSS, median (p25–p75) 4 (2–7) 4 (1–10) �21.2

Mean 5.4�5.6 6.8�7.7

Body mass index, median (p25–p75) 24.1 (22.0–25.7) 27.2 (23.7–31.6) �74.8

Health insurance, %

Medicare 37.5 ���
Medicaid 10.8 ���
Private insurance 44.1 0.4

Self-pay 6.9 9.0

Universal basic medical insurance system ��� 51.1

New rural cooperative medical system ��� 39.5

Medical history, %

AF 7.1 18.3 �34.5

Previous stroke or TIA 35.6 30.8 +10.2

Hypertension 64.8 76.2 �25.3

Dyslipidemia 12.1 44.3 �76.6

Diabetes mellitus 20.7 33.4 �29.0

Smoking 29.7 18.5 +26.4

Medication before admission, %

Anticoagulant among patients with AF 7.3 33.8 �69.4

Antiplatelet among patients with AF 31.4 47.9 �34.2

Antihypertensive among patients with hypertension 69.1 82.7 �32.1

Cholesterol reducer among patients with dyslipidemia 57.0 70.9 �29.3

Diabetic medication among patients with diabetes mellitus 76.7 75.2 +3.6

Hospital characteristics

Bed size, median (p25–p75) 1000 (600–1500) 367 (245–555) +122.3

Annual ischemic stroke volume 447 (320–804) 217 (145–335) +122.3

Academic center, % 57.7 60.1 �4.8

Primary stroke center, % ��� 48.8 ���
Stroke unit admission, % 13.3 71.8 �146.7

Region, %

US Northeast ��� 24.6 ���
US South ��� 35.7 ���
US Midwest ��� 20.2 ���
US west ��� 19.4 ���
China East 59.8 ��� ���

Continued
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As compared with their US counterparts, Chinese
patients were younger (median 65 [25th percentile–75th
percentile 57–74] versus 72 [60–82]) and were more likely
male (63.4% versus 49.0%). With the exception of smoking
and history of cerebrovascular disease, Chinese patients
had better cardiovascular risk profiles compared with US
patients with regard to atrial fibrillation, hypertension,
dyslipidemia, and diabetes mellitus. However, among those
with corresponding conditions, Chinese patients were less
likely to take anticoagulants (7.3% versus 33.8%), anti-
platelet agents (31.4% versus 47.9%), antihypertensives
(69.1% versus 82.7%), or cholesterol reducers (57.0%
versus 70.9%) before admission (all standardized differ-
ences >10).

Stroke severity as measured by the National Institutes of
Health Stroke Scale had a similar median, a slightly lower
mean, and less variability in Chinese patients (median 4 [2–
7], mean 5.4�5.6 versus median 4 [1–10], mean 6.8�7.7,
standardized differences �21.2). Chinese patients were less
likely to use emergency medical services (13.4% versus
49.4%) and were more likely to have delays from last
known well to hospital arrival (median 1318 minutes [330–
3209] versus 644 minutes [142–2055]). There was no
approved stroke center accreditation or certification agency
in China during our study period. In contrast, 48.8% of
patients with ischemic stroke were admitted to primary
stroke centers in the United States. Only 13.3% of patients
with ischemic stroke in China were cared for in a stroke
unit, compared with over 70% in the United States. Overall,
use of intravenous thrombolytic therapy was 2.5% in China
(tissue-type plasminogen activator 1.5% and urokinase 1.0%)
and 8.1% in the United States (tissue-type plasminogen
activator) among all patients presenting with acute ischemic
stroke. In addition, Chinese patients were more likely to
experience delays in treatment (median door-to-needle time
95 minutes [72–112] versus 62 minutes [49–85]).

Performance and Quality Measures
Adherence to each individual performance and quality mea-
sure is shown in Table 2. Early and discharge antithrombotics,
smoking cessation counseling, and dysphagia screening were
fairly high (>80%) in both countries, although slightly lower in
China than in the United States. Substantial gaps existed
between China and the United States, respectively, with
regard to administration of tissue-type plasminogen activator
in patients arriving within 2 hours of symptom onset (18.3%
versus 83.6%), deep venous thrombosis prophylaxis (65.0%
versus 97.8%), anticoagulation for atrial fibrillation (21.0%
versus 94.4%), lipid-lowering treatment (66.3% versus 95.8%),
door-to-needle time ≤60 minutes (14.6% versus 48.0%), and
rehabilitation assessment (58.8% versus 97.4%). In contrast,
door-to-computed tomography time ≤25 minutes was rela-
tively low in both countries (China versus the United States,
26.4% versus 27.9%, respectively).

Discussion
This study is among the first international comparisons of
patient characteristics and patterns of adherence with
evidence-based performance measures in ischemic stroke.
We found clinically significant differences in baseline charac-
teristics among patients presenting with acute ischemic
stroke in China and the United States. Importantly, we
identified differences in both acute treatment and secondary
prevention for ischemic stroke in China among CNSR phase II
hospitals compared with the United States among hospitals
participating in GWTG-Stroke, representing potential targets
for quality improvement.

Our findings suggest that Chinese patients with stroke, on
average, are 7 years younger than US patients. Although
Chinese patients have a lower prevalence of comorbidities,
medical history of previous stroke/transient ischemic attack

Table 1. Continued

CNSR Phase II (n=19 604) GWTG-Stroke (n=194 876) Standardized Difference

China Central 22.8 ��� ���
China West 17.4 ��� ���

In-hospital treatment, %

Intravenous thrombolytic therapy 2.5 8.1 �31.4

t-PA 1.5 8.1

Urokinase 1.0

Door-to-needle time, median (p25–p75), min among t-PA–treated patients 95 (72–112) 62 (49–85) +75.7

Missing rates in Get With The Guidelines––Stroke (GWTG-Stroke): last known well to arrival 23.6%, mode of arrival 14.9%, National Institutes of Health Stroke Scale (NIHSS) 25.7%, body
mass index 34.2%, anticoagulant or antiplatelet in atrial fibrillation (AF) 8.4%, antihypertensives 15.6%, and diabetic medication 16.5%. Missing rates in the China National Stroke Registry
(CNSR) phase II: tissue-type plasminogen activator (t-PA) 2.1% and urokinase 2.3%. All other variables have a missing rate <1%. EMS indicates emergency medical services; p25–p75, 25th
percentile and 75th percentile; TIA, transient ischemic attack.
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and cigarette smoking have been reported more often in the
Chinese population. Importantly, among those who had atrial
fibrillation, hypertension, or dyslipidemia, Chinese patients
were less likely to receive treatment for these conditions
before stroke. While we are unable to determine the etiology
of stroke, these data suggest that high-risk health behaviors
and inadequate treatment for both primary and secondary
prevention may have partially explained the early onset of
stroke in the Chinese population.

In addition, we found that once patients in China experi-
enced symptoms of a stroke, they were less likely to use an
ambulance, more likely to arrive by taxi or private vehicle, and
have delays in hospital arrival. Potential reasons for this
observation include lack of awareness of stroke symptoms,
inadequate financial and geographic coverage for an ambu-
lance, traffic condition, or patient preferences. While we
cannot determine the exact reasons, public health campaigns
may help educate the public about the symptoms of stroke,
overcome the reluctance to seek medical attention, and
emphasize the importance of getting to a hospital quickly.
Regional strategies and policies to improve availability
and access to emergency medical services may also be
considered.

Importantly, we found significant gaps in use of evidence-
based treatment among patients with acute ischemic stroke
in China. Part of these differences could be explained by the
different availability of stroke unit care (13.3% in China versus
71.8% in the United States). Despite similar (and longer) door-
to-computed tomography time in both countries, use of
intravenous thrombolytics in China was less than one third of

the treatment rate in the United States (2.5% versus 8.1%).
Among those who arrived within 2 hours of symptom onset,
<20% Chinese patients received stroke thrombolytic therapy
in China as compared with nearly 85% in the United States.
Even among Chinese patients who were treated, they
experienced significant delays in treatment with a median
door-to-needle time of nearly 100 minutes and <15% treated
within 60 minutes of hospital arrival. A previous evaluation of
CNSR phase I between 2007 and 2008 identified reasons for
low thrombolytic use and treatment delays. These included
the need for and delays associated with informed consent,
delays in laboratory testing, the necessity for patients to buy
tissue-type plasminogen activator first, reduced risk tolerance
for bleeding complications, medication cost, and distrust of
physicians and the healthcare system.13,15 Overall, 2.4% of
patients in CNSR phase I received thrombolytic treatment
with a median door-to-needle time of 116 minutes, as
compared with 2.5% and 95 minutes in CNSR phase II
5 years later between 2012 and 2013. Along with the
previous reports, these findings suggest that future efforts
should focus on reducing delays in patient arrival to increase
the portion of patients with ischemic stroke eligible for
treatment and reducing in-hospital delay to improve the
timeliness of thrombolytic therapy. In addition, policy initia-
tives and healthcare reform are needed to improve universal
healthcare coverage, increase access to certified stroke
centers/stroke unit care, and reduce out-of-pocket costs for
catastrophic emergency conditions such as stroke.

Aside from thrombolytic therapy, our study shows that
adherence to other performance and quality measures were

Table 2. Performance Measures Between China and the United States

Measure CNSR Phase II, % GWTG-Stroke, % Standardized Difference

Acute performance measure

Intravenous t-PA arrive by 2 h, treat by 3 h 18.3 83.6 �31.4

Early antithrombotics 84.6 96.9 �43.7

DVT prophylaxis 65.0 97.8 �93.1

Discharge performance measure

Discharge antithrombotics 90.3 98.5 �35.9

Anticoagulation for AF 21.0 94.4 �221.9

LDL 100 or not documented 66.3 95.8 �81.5

Smoking cessation 85.8 97.2 �41.9

Quality measure

Door-to-computed tomography time ≤25 min 26.4 27.9 �3.3

Door-to-needle time ≤60 min 14.6 48.0 �77.2

Dysphagia screening 83.3 83.6 �0.7

Rehabilitation assessment 58.8 97.4 �105.6

AF indicates atrial fibrillation; CNSR, China National Stroke Registry; DVT, deep venous thrombosis; GWTG-Stroke, Get With The Guidelines––Stroke; t-PA, tissue plasminogen activator;
LDL, low-density lipoprotein.
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suboptimal in China, although there was still room for
improvement in certain measures for both countries. For
instance, the largest gaps between China and the United
States were seen in anticoagulation for atrial fibrillation
(21.0% versus 94.4%), deep venous thrombosis prophylaxis
(65.0% versus 97.8%), lipid-lowering treatment (66.3% versus
95.8%), and rehabilitation assessment (58.8% versus 97.4%).
Based on these findings, the AHA/ASA and the Chinese
Stroke Association launched a quality improvement program
“Improve Stroke Care in China” in March 2018. Adapted from
the AHA/ASA GWTG-Stroke, the program is designed to
improve treatment for, and prevention of, cardiovascular and
stroke events by helping hospitals and providers consistently
adhere to treatment guidelines. This program aims to address
the need for emergency medical services and prehospital
caregiver education, reduce door-to-needle times for patients
to receive stroke thrombolytic therapy, and increase aware-
ness and application of endovascular reperfusion therapies
and secondary stroke prevention in eligible patients.

Study Limitations
Our study has several limitations. First, both CNSR phase II
and GWTG-Stroke did not collect specific information regard-
ing the etiology of stroke, such as TOAST (Trial of Org 10172
in Acute Stroke Treatment) classification. Thus, we were
unable to classify the subtypes of acute ischemic stroke as
small-vessel disease and lacunar infarction, which are more
prevalent in Asian patients. Second, despite being the largest
stroke registries in both countries, participation in CNSR
phase II and GWTG-Stroke are voluntary. There is potential
selection bias introduced by the informed consent process in
the Chinese stroke registry. The observed findings may not be
representative of patients treated in hospitals not participat-
ing in the registry or individuals not providing informed
consent. Because of the lack of small communities and rural
hospitals in the registry, participating centers in CNSR phase
II generally had more resources and stroke expertise. It is
anticipated that the overall quality of care at the national level
may be overestimated based on these high-volume and
experienced centers. Nevertheless, the actual gaps in adher-
ence to evidence-based performance measures could be even
larger, further highlighting the need for improving quality of
stroke care at the national level. Third, we used standardized
differences to quantify the differences in characteristics and
stroke performance measures. While this method uses
aggregate data only without the need of individual patient
data sharing, risk adjustment cannot be performed without
such information. However, it could be argued that risk
adjustment may not be necessary because performance
measures only apply to eligible patients. Fourth, the data from
both counties are dependent on the quality and accuracy of

the documentation in the medical record and abstraction.
Fifth, the data from both countries are 5 years old. The quality
of stroke care has likely improved in both countries since
2013. Yet, given the minimum improvement, if any, in stroke
thrombolytic therapy between CNSR phases I and II, there is
likely room for further improvement, especially in the area of
acute stroke treatment and secondary stroke prevention. A
related issue is endovascular thrombectomy, although not
widely adopted during our study period, endovascular
thrombectomy has become the standard of care for large-
vessel occlusion.16 Further study is needed to examine quality
of care and outcomes of endovascular thrombectomy in both
countries.17 Finally, although we observed significant gaps in
adherence to evidence-based performance measures, the
registry did not document potential causes for suboptimal
stroke care. To address this limitation, we plan to conduct a
nationwide hospital survey in China to understand the
common reasons and barriers for underuse of acute and
secondary stroke prevention treatment, such as thrombolytics
and oral anticoagulation for atrial fibrillation. These data will
help us develop quality improvement interventions to improve
evidence-based stroke treatment in China.

Conclusions
We found clinically important differences in patient charac-
teristics and adherence to stroke performance measures
between China and the United States. National efforts are
needed to improve evidence-based stroke care and outcomes
in both countries, especially China.

Sources of Funding
This study was supported, in part, by grants from theMinistry of
Science and Technology and the Ministry of Health of the
People’s Republic of China (National Key R&DProgramof China:
2017YFC1310901, 2011BAI08B02, 2012ZX09303, 2013BAI
09B14, 2013BAI09B03, 2015BAI12B02, 2015BAI12B04,
2016YFC0 901000, 2016YFC0901002, 2017YFC1310900,
2017YFC1310903, and 2017YFC1307905), the National Key
Technology Research andDevelopment Program of theMinistry
of Science and Technology of China (2013BAI09B03), Beijing
Municipal Committee of Science and Technology
(D15110700200000, D151100002015001, D15110000
2015002, Z161100000516223, and Z141107 002514125),
and Beijing Institute for Brain Disorders (BIBD-
PXM2013_014226_07_000084). This study was supported,
in part, by a grant from the National Institutes of Health, US
Department of Health and Human Services (1D43-TW008308).
The GWTG-Stroke program is supported, in part, by a charitable
contribution from Janssen Pharmaceutical Companies of

DOI: 10.1161/JAHA.118.010623 Journal of the American Heart Association 7

Comparison of Ischemic Stroke Care in China and the US Wangquin et al



Johnson & Johnson. GWTG-Stroke has been funded in the past
through support from Boehringer Ingelheim, Merck, Bristol-
Myers Squibb/Sanofi Pharmaceutical Partnership, and the AHA
Pharmaceutical Roundtable.

Disclosures
Dr Saver serves as a consultant for Medtronic and Neuravi and
is supported by a grant from Medtronic. Dr Fonarow reports
research funding from Patient-Centered Outcomes Research
Institute (PCORI) and is a steering committeemember of GWTG.
Dr Bhatt discloses the following relationships—Advisory Board:
Cardax, Elsevier PracticeUpdate Cardiology, Medscape Cardi-
ology, and Regado Biosciences; Board of Directors: Boston VA
Research Institute, Society of Cardiovascular Patient Care, and
TobeSoft; Chair: American Heart Association Quality Oversight
Committee; Data Monitoring Committees: Baim Institute for
Clinical Research (formerly Harvard Clinical Research Institute,
for the PORTICO trial, funded by St. Jude Medical, now Abbott),
Cleveland Clinic, Duke Clinical Research Institute, Mayo Clinic,
Mount Sinai School of Medicine (for the ENVISAGE trial, funded
by Daiichi Sankyo), and Population Health Research Institute;
honoraria: American College of Cardiology (Senior Associate
Editor, Clinical Trials and News, ACC.org; Vice-Chair, ACC
Accreditation Committee), Baim Institute for Clinical Research
(formerly Harvard Clinical Research Institute; RE-DUAL PCI
[Randomized Evaluation of Dual Antithrombotic Therapy With
Dabigatran versus Triple Therapy With Warfarin in Patients with
Nonvalvular Atrial Fibrillation Undergoing Percutaneous Cor-
onary Intervention] clinical trial steering committee funded by
Boehringer Ingelheim), Belvoir Publications (Editor-in-Chief,
Harvard Heart Letter), Duke Clinical Research Institute (clinical
trial steering committees), HMP Global (Editor-in-Chief, Journal
of Invasive Cardiology), Journal of the American College of
Cardiology (Guest Editor; Associate Editor), Population Health
Research Institute (for the COMPASS operations committee,
publications committee, steering committee, and USA national
co-leader, funded by Bayer), Slack Publications (Chief Medical
Editor, Cardiology Today’s Intervention), Society of Cardiovas-
cular Patient Care (Secretary/Treasurer), WebMD (CME steer-
ing committees); Other: Clinical Cardiology (Deputy Editor),
NCDR-ACTION Registry Steering Committee (Chair), VA CART
Research and Publications Committee (Chair); Research Fund-
ing: Abbott, Amarin, Amgen, AstraZeneca, Bayer, Boehringer
Ingelheim, Bristol-Myers Squibb, Chiesi, Eisai, Ethicon, Forest
Laboratories, Idorsia, Ironwood, Ischemix, Lilly, Medtronic,
PhaseBio, Pfizer, Regeneron, Roche, Sanofi Aventis, Synaptic,
and The Medicines Company; Royalties: Elsevier (Editor,
Cardiovascular Intervention: A Companion to Braunwald’s Heart
Disease); Site Co-Investigator: Biotronik, Boston Scientific, St.
JudeMedical (now Abbott), Svelte; Trustee: American College of
Cardiology; Unfunded Research: FlowCo, Merck, DLB PLx

Pharma, Takeda. Dr Schwamm reported serving as the volun-
teer chair of the American Heart Association/American Stroke
Association GWTG-Stroke Clinical Work Group. Dr Hernandez
reports receipt of grant support from Amgen, AstraZeneca,
Bayer, Bristol-Myers Squibb, GlaxoSmithKline, Luitpold, Merck,
and Novartis; and personal fees from Amgen, AstraZeneca,
Bayer, Bristol-Myers Squibb, Boston Scientific, Luitpold, and
Novartis outside the submitted work. Dr Peterson reported
receiving grants and/or personal fees from Bayer Pharmaceu-
ticals, Janssen Pharmaceuticals, AstraZeneca, Genentech, and
the American Heart Association GWTG-Stroke Analytic and has
served as a consultant/advisory board member for Janssen,
Boehringer Ingelheim, Sanofi, Bayer, Merck, AstraZeneca,
Signal Path, and Venable. The remaining authors have no
disclosures to report.

References
1. Kim AS, Johnston SC. Temporal and geographic trends in the global stroke

epidemic. Stroke. 2013;44:S123–S125.

2. Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, Connor M, Bennett
DA, Moran AE, Sacco RL, Anderson L, Truelsen T, O’Donnell M, Venketasub-
ramanian N, Barker-Collo S, Lawes CM, Wang W, Shinohara Y, Witt E, Ezzati M,
Naghavi M, Murray C; Global Burden of Diseases, Injuries, and Risk Factors
Study 2010 (GBD 2010) and the GBD Stroke Experts Group. Global and
regional burden of stroke during 1990–2010: findings from the Global Burden
of Disease Study 2010. Lancet. 2014;383:245–254.

3. Liu L, Wang D, Wong KS, Wang Y. Stroke and stroke care in China: huge
burden, significant workload, and a national priority. Stroke. 2011;42:3651–
3654.

4. Wang W, Jiang B, Sun H, Ru X, Sun D, Wang L, Wang L, Jiang Y, Li Y, Wang Y, Chen
Z, Wu S, Zhang Y, Wang D, Wang Y, Feigin VL; NESS-China Investigators.
Prevalence, incidence, andmortality of stroke in China: results froma nationwide
population-based survey of 480 687 adults. Circulation. 2017;135:759–771.

5. Johnston SC, Mendis S, Mathers CD. Global variation in stroke burden and
mortality: estimates from monitoring, surveillance, and modelling. Lancet
Neurol. 2009;8:345–354.

6. Kochanek KD, Murphy SL, Xu J, Arias E. Mortality in the United States. NCHS
Data Brief. 2013;2014:1–8.

7. Lindsay P, Furie KL, Davis SM, Donnan GA, Norrving B. World stroke
organization global stroke services guidelines and action plan. Int J Stroke.
2014;9(suppl A100):4–13.

8. Mendis S, Davis S, Norrving B. Organizational update: the world health
organization global status report on noncommunicable diseases 2014; one
more landmark step in the combat against stroke and vascular disease.
Stroke. 2015;46:e121–e122.

9. Schwamm LH, Fonarow GC, Reeves MJ, Pan W, Frankel MR, Smith EE, Ellrodt
G, Cannon CP, Liang L, Peterson E, Labresh KA. Get With the Guidelines-Stroke
is associated with sustained improvement in care for patients hospitalized with
acute stroke or transient ischemic attack. Circulation. 2009;119:107–115.

10. Ormseth CH, Sheth KN, Saver JL, Fonarow GC, Schwamm LH. The American
Heart Association’s Get With the Guidelines (GWTG)-Stroke development and
impact on stroke care. Stroke Vasc Neurol. 2017;2:94–105.

11. Fonarow GC, Reeves MJ, Smith EE, Saver JL, Zhao X, Olson DW, Hernandez AF,
Peterson ED, Schwamm LH; GWTG-Stroke Steering Committee and Investi-
gators. Characteristics, performance measures, and in-hospital outcomes of
the first one million stroke and transient ischemic attack admissions in Get
With the Guidelines-Stroke. Circ Cardiovasc Qual Outcomes. 2010;3:291–302.

12. Wang Y, Cui L, Ji X, Dong Q, Zeng J, Wang Y, Zhou Y, Zhao X, Wang C, Liu L,
Nguyen-Huynh MN, Claiborne Johnston S, Wong L, Li H; China National Stroke
Registry Investigators. The China National Stroke Registry for patients with
acute cerebrovascular events: design, rationale, and baseline patient charac-
teristics. Int J Stroke. 2011;6:355–361.

13. Li Z, Wang C, Zhao X, Liu L, Wang C, Li H, Shen H, Liang L, Bettger J, Yang Q,
Wang D, Wang A, Pan Y, Jiang Y, Yang X, Zhang C, Fonarow GC, Schwamm LH,
Hu B, Peterson ED, Xian Y, Wang Y, Wang Y; China National Stroke Registries.
Substantial progress yet significant opportunity for improvement in stroke
care in China. Stroke. 2016;47:2843–2849.

DOI: 10.1161/JAHA.118.010623 Journal of the American Heart Association 8

Comparison of Ischemic Stroke Care in China and the US Wangquin et al



14. Austin PC. Balance diagnostics for comparing the distribution of baseline
covariates between treatment groups in propensity-score matched samples.
Stat Med. 2009;28:3083–3107.

15. Wang Y, Liao X, Zhao X, Wang DZ, Wang C, Nguyen-Huynh MN, Zhou Y, Liu L,
Wang X, Liu G, Li H, Wang Y; China National Stroke Registry Investigators.
Using recombinant tissue plasminogen activator to treat acute ischemic
stroke in China: analysis of the results from the Chinese National Stroke
Registry (CNSR). Stroke. 2011;42:1658–1664.

16. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,
Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B, Jauch EC,

Kidwell CS, Leslie-Mazwi TM, Ovbiagele B, Scott PA, Sheth KN,
Southerland AM, Summers DV, Tirschwell DL; American Heart Associ-
ation Stroke Council. 2018 guidelines for the early management of
patients with acute ischemic stroke: a guideline for healthcare
professionals from the American Heart Association/American Stroke
Association. Stroke. 2018;49:e46–e110.

17. Smith EE, Saver JL, Cox M, Liang L, Matsouaka R, Xian Y, Bhatt DL,
Fonarow GC, Schwamm LH. Increase in endovascular therapy in get with
the guidelines-stroke after the publication of pivotal trials. Circulation.
2017;136:2303–2310.

DOI: 10.1161/JAHA.118.010623 Journal of the American Heart Association 9

Comparison of Ischemic Stroke Care in China and the US Wangquin et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H




