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Introduction: Intravenous thrombolysis for acute ischemic stroke remains underused 
in the developing countries. In 2016, a theory-based resource integration project was 
initiated at a major stroke center in China. This report describes the implementation 
process and results of the quality improvement project.

Description: Eighteen environment-tailored interventions were implemented, 
including stroke code activation, electronic wristband bundling, structured information 
sharing, etc. The project was implemented from July 2016 to June 2017. A total of 
519 acute ischemic stroke patients were included. After the intervention, median DNT 
decreased from 62 min to 37 min (P < 0.001). The percentage of cases treated within 
30, 45 or 60 minutes increased from 2.5%, 17.4% and 44.6% to 27.4%, 69.4% and 
84.7% respectively (P < 0.001). The median length of inpatient stay decreased from 10 
days to 8 days (P < 0.001). The proportion of patients with severe disability decreased 
from 25.5% to 15.8% post-intervention.

Discussion: Adequate pre-intervention activities are important conditions for the 
smooth implementation of the complex service integration initiative. The new 
treatment pathway has undergone a process of destruction, remodeling and 
solidification before stable and effective operation. In order to realize the full effect of 
service integration, whole society efforts are also required.

Conclusions: Introduction of the theory-based resource integration project was 
associated with increased thrombolysis administrations, shorter DNT, and no 
statistically significant change in adverse outcomes. The basic principles of this project 
might be applicable to various resource settings.
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INTRODUCTION

Stroke is one of the most common causes of death 
worldwide and the leading cause of morbidity and 
mortality in China [1, 2]. In eligible patients with acute 
ischemic stroke (AIS), intravenous thrombolysis is the 
current gold standard treatment [3]. Clinical outcomes of 
the therapy, however, are highly time dependent [4, 5].

Despite the significant improvement of thrombolysis 
administration in developed countries, this therapy 
remains underused in the developing world [6, 7]. 
Evidence from China shows that only 2.5% of AIS 
patients received intravenous thrombolysis and the door-
to-needle times (DNT) in most hospitals significantly 
exceeded the 60-min benchmark [8, 9]. To promote 
integrated stroke care, the Chinese government initiated 
the stroke center certification program in 2015. Wuhan 
No. 1 Hospital is one of the 30 Certificated Demonstration 
of Advanced Stroke Centers in China. A series of resource 
integration interventions were implemented from July 
2016 to June 2017 to improve thrombolysis for AIS.

Improving thrombolysis for AIS is a well-studied 
area with more than 20 reported strategies [10]. Most 
of these strategies were established in developed 
countries, relying on well-educated communities, 
excellent emergency service system and sufficient acute 
stroke treatment resources [11]. Implementation of 
these strategies in some low-resource setting regions 
in developing countries might not be applicable. What’s 
more, advanced hospitals in developing countries are 
facing more implicit and intractable barriers from social 
and technical aspects [12]. Some hospitals have begun 
to introduce new technologies – such as intelligent 
authentication system or educational robot – to solve 
these situational problems. However, majority of the 
existing research on integrated stroke care have been 
limited to the clinical paradigm [13, 14]. Thus led to the 
scarce of theoretical construction on the integration of 
emerging information resources and technologies in 
complex environment.

The latest progress in strategy management 
suggested that heterogeneous resource integration was 
the center narrative of service value creation [15]. While 
the integration of operand resources – such as equipment 
and facilities – formed the material foundation, the 
integration of operant resources – including knowledge 
and information – further services as the key to service 
quality promotion, according to the theory of service 
ecosystem [16, 17]. We thus hypothesized that the 
integration of heterogeneous resources could improve 
thrombolysis use and clinical outcome in patients with 
acute ischemic stroke.

We established a theoretical framework to guide 
the resource integration initiatives for intravenous 
thrombolysis. Members of the acute stroke treatment 
team at our hospital were surveyed and 18 environment-

tailored interventions were implemented, including 
stroke code activation, electronic wristband bundling, 
structured information sharing by multimedia instant 
messenger group (Table 1). Here, we present the 
implementation processes and results of the theory-
based resource integration project in Wuhan No. 1 
Hospital.

DESCRIPTION 
STUDY SETTING
Wuhan No. 1 Hospital is established one of the largest 
stroke centers in Central China serving a population of 
31 million within the metropolitan Wuhan area. Before 
the resource integration project, Wuhan No. 1 Hospital 
admitted around 900 patients with AIS annually, of these 
approximately 8.8% received intravenous thrombolysis. 
A patient with suspected AIS was usually admitted 
to the separated emergency department (ED), where 
neurologists could not arrive until at least ten minutes 
later. Procedures prior to intravenous thrombolysis 
administration included: National Institutes of Health 
Stroke Scale (NIHSS) scoring, measurement of vital signs, 
collection of blood samples, a non-enhanced head CT 
scan, medical insurance registration and prepayment. 
After contraindications were excluded, the intravenous 
thrombolysis would be administered after the patient 
was moved to the inpatient department of neurology 
located in another building (Supplementary file 1).

INTERVENTION
Conceptual framework of the intervention
A conceptual framework of resource integration for 
intravenous thrombolysis was developed based on a 
systematic literature review. This framework included 
two dimensions composed of the resource integration 
strategies and the thrombolysis treatment processes for 
AIS patients (Figure 1). The resource integration strategies 
include operand resource integration and operant 
resource integration, which was further divided into 
information collection, information sharing and decision-
making. Intravenous thrombolysis process was divided 
into three stages: the initial recognition and emergency 
transportation stage (from onset to ED), fast triage and 
preliminary diagnosis stage (from ED to CT imaging room), 
the rapid imaging and thrombolysis administration stage 
(from CT imaging room to thrombolysis administration).

Preparation prior to implementing interventions
Stroke center employees were interviewed in a two-round 
survey. In the first round, two questions were asked in 
each block of the resource integration matrix: (1) ‘Is there 
any defect in this segment?’ and (2) ‘Can you suggest any 
strategy to improve this situation?’. Forty-three members 
(out of 45) responded to the survey and 23 strategies 
were suggested. A checklist was then made based on 
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these alternative strategies. In the second round of the 
investigation, 21 specialists – from disciplines including 
neurology, emergency care and imaging – were asked 
to evaluate the importance and feasibility of these 
strategies on the checklist. Eighteen resource integration 
intervention strategies were finally selected after a series 
of discussions based on the results of the investigation 
(Table 1).

In order to implement these complex interventions 
smoothly, we made preparations mainly from the 
following three aspects. 1) Relevant departments 
were organized to communicate repeatedly on the 
implementation plan under the leadership of the hospital 
director; 2) New processes, specifications and tools were 

developed and imparted by special trainings before 
the intervention; 3) The economic incentive scheme 
– based on the quantity and quality of thrombolysis 
administration – was established.

Initial recognition and emergency transportation 
stage
Community education, emergency medical service 
(EMS) staff training and ambulance sharing were 
implemented to promote the early identification and 
timely transportation of stroke patients. Stroke quick 
identification cards, “Stroke 1–2–0” (Chinese version 
of FAST), were distributed in communities during each 
educational activity [18, 19]. An educational program 

Figure 1 Conceptual framework of the project. This framework includes two dimensions composed of resource integration 
strategies (including operant resource integration and operand resource integration) and intravenous thrombolysis treatment 
processes (including recognition and emergency transportation stage, triage and preliminary diagnosis, imaging and thrombolysis 
administration).

RESOURCE INTEGRATION 
STRATEGY

INITIAL RECOGNITION 
AND EMERGENCY 
TRANSPORTATION STAGE

FAST TRIAGE AND 
PRELIMINARY 
DIAGNOSIS STAGE

RAPID IMAGING AND 
THROMBOLYSIS ADMINISTRATION 
STAGE

Operand resource 
integration

Sharing stroke ambulance 
with emergency center

Setting up neuro emergency Thrombotic drugs stored in the CT 
room

Operant resource integration

Information-collection Community education
EMS staff training

Training stroke emergency nurses
Training emergency triage nurses
Using stroke screening tools
Using a electronic wristband

Rapid acquisition of brain imaging

Information-sharing Pre-notification by EMS Single-call activation
Stroke code activation

Structured information sharing by 
multimedia instant messenger group

Decision-making \ Rapid triage protocol
Transport of patients by EMS 
directly to the scanner

Rapid interpretation of brain imaging
Thrombolysis administering in the 
scanner/imaging area

Table 1 Elements of the multifaceted resource integration project.

CT indicates computerized tomography and EMS, emergency medical services.
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for the EMS staff was implemented to make sure that 
the EMS dispatchers assign possible stroke patients the 
highest priority level. This program included instructions 
to recognize stroke symptoms and emphasis on the 
importance of rapid treatment. A 24/7 ambulance, 
equipped with neurologists and stroke emergency 
department nurses, was shared with the Wuhan 
emergency dispatching network. The emergency 
information platform of Wuhan emergency center 
and Wuhan NO. 1 Hospital was connected for the 
prenotification by EMS.

Fast triage and preliminary diagnosis stage
An independent neurology emergency room with 24-
hour neurologists and emergency nurses was set up 
in the emergency area. Four stroke emergency nurses 
were trained to be the “integrator” of acute stroke 
treatment resources. They had the responsibility to 
participate in all the intravenous thrombolysis treatment 
processes, including patient registration, stroke green 
channel initiation, rapid blood sample collection, CT 
room inspection accompaniment, mixing of alteplase 
and docking with the inpatient department. Emergency 
triage nurses of the hospital were trained to get familiar 
with the early recognition of stroke.

The following changes were made to the triage and 
preliminary diagnosis protocol: use of a stroke code, 
single-call activation, application of an electronic patient 
wristband, rapid triage and transport of patients by EMS 
directly to the CT scanner. The stroke code was used to 
facilitate the patient pre-registration, post treatment 
payment qualification and advanced order of laboratory 
tests and CT scanner. The stroke code would be 
activated by the stroke emergency nurse once a stroke 
patient was evaluated within the therapeutic window 
for intravenous thrombolysis. We used an electronic 
patient wristband system to facilitate the recording of 

treatment time nodes and the improvement of service 
process. (Supplementary file 2) The stroke patients, after 
rapid assessment for medical stability and neurological 
signs, could be directly transported to the CT scanner on 
the EMS stretcher.

Rapid imaging and thrombolysis administration 
stage
Strategies to reduce the time during brain imaging and 
thrombolysis administration included rapid acquisition 
and interpretation of brain imaging, structured 
information sharing by multimedia instant messenger 
group and administering alteplase in the CT-room. The 
CT imaging protocol of stroke patients was simplified 
based on the initial diagnosis of the patients. After the 
acquisition of the CT-scan, the radiologist, together with 
a neurologist, interpret the CT-images immediately at 
the monitor. For all patients eligible for thrombolysis 
administration, immediate mixing and administration of 
alteplase on the scanner table or just outside the CT suite 
was required (Figure 2).

Thrombolysis registry and study population
A local thrombolysis registry was established in January 
2015. All suspected AIS patients having received 
intravenous thrombolysis were prospectively included. 
The registry contains multiple variables including 
basic patient demographics, medical comorbidities 
(hypertension, diabetes mellitus, atrial fibrillation, 
coronary disease, prior stroke), smoking status, 
National Institutes of Health Stroke Scale (NIHSS) score 
on admission, mode of emergency department (ED) 
arrival, in-hospital mortality, length of inpatient stay, 
hospitalization expenses and modified Rankin scale 
(mRS) at 90 days. The relevant time points, including 
symptom onset, arrival at the emergency room and 
intravenous thrombolysis administration were recorded. 

Figure 2 Flowchart of the new treatment process. The new treatment process is designed in parallel. Tasks in different stages are 
clearly assigned to each of the members of the acute stroke treatment team.
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Data was collected with a registration form filled by 
nurses and neurologists. Recorded data was overseen by 
a dedicated neurologist.

Data for the present study were extracted from the 
electronic medical record and quality control database 
from January 2015 to June 2019. Cases were included 
for analysis under the following criteria: 1) age above 18 
years; 2) received intravenous thrombolysis treatment 
within 6 hours of last seen well. In-hospital stroke 
patients and transferred patients were excluded.

EVALUATION
The primary outcome was continuous and categorical 
DNT for intravenous thrombolysis. The secondary 
outcomes were median OTD times, thrombolysis 
administration rate, average length of inpatient stay, 
average inpatient medical expenses, mRS at 90 days, and 
rate of symptomatic intracranial hemorrhage. A repeated 
CT scan was performed 48 hours from presentation and 
hemorrhage associated with at least a 4-point increase in 
NIHSS would be determined symptomatic intracerebral 
hemorrhage. The percentage of stroke mimics was 
included as a balancing measure.

July 2016 was set as the cut-off point of pre and 
post intervention. The one year implementation period 
was included in the post-intervention stage. We used 
Statistical Process Control charts as the primary means 
of analysis for DNT to assess its evolutionary trend after 
implementation. Continuous variables were reported in 
mean (Standard deviation, SD) or median (Interquartile 
Range, IQR), and categorical variables were reported in 
absolute and relative frequencies. Univariate analyses 
comparing subjects in the pre-intervention and post-
intervention periods were performed with t test or 
a Kruskal–Wallis nonparametric test for continuous 
variables and χ2 test for categorical variables. 

Multivariable logistic regression models were used 
to estimate the association between the interventions 
and categorical DNT or mRS at 90 days. All multivariable 
models adjusted for age, sex, baseline NIHSS score, history 
of hypertension, diabetes mellitus, atrial fibrillation, 
coronary heart disease, and prior stroke history.

Statistical significance was set at p < 0.05 (two-sided). 
Statistical analyses were performed with SAS 9.4 and JMP 
13 (SAS Institute Inc., Cary, NC, USA).

ETHICAL APPROVAL

Ethics committee approval and patients’ written 
informed consent were not required because this was a 
quality improvement study that involved assessment of 
the standard of care and only de-identified information 
from routine hospital data is used.

RESULT

A total of 519 AIS patients were treated with intravenous 
thrombolysis from January 2015 to June 2019. Of these, 
121 patients were treated during the pre-intervention 
period (from January 2015 to June 2016) and 398 patients 
were treated during the post-intervention period (from July 
2016 to June 2019). On average, there were 72 stroke alerts 
monthly in the pre-intervention period compared with 82 
stroke alerts monthly in the post-intervention period. The 
rates of intravenous thrombolysis administration were 9.4% 
(121 cases/1295 stroke alerts) and 13.6% (398 cases/2938 
stroke alerts; P < 0.001), respectively. There was no significant 
difference between patients treated pre-intervention and 
post-intervention by demographics, baseline NIHSS, mode 
of ED arrival and comorbidities (Table 2).

PRE-INTERVENTION (N = 121) POST-INTERVENTION (N = 398) P VALUE

Age (y), (mean  ±  SD) 67.6  ±  11.4 66.2  ±  11.9 0.240

Female (%) 46 (38.0) 143 (35.9) 0.676

Transferred by EMS (%) 35 (28.9) 131 (32.9) 0.410

Baseline NIHSS, median (IQR) 4 (3–11) 4 (2-10) 0.080

Prior Stroke/TIA (%) 21 (17.4) 82 (20.6) 0.433

Hypertension (%) 72 (59.5) 211 (53.0) 0.209

Diabetes mellitus (%) 26 (21.5) 110 (27.6) 0.178

Atrial fibrillation (%) 17 (14.0) 55 (13.8) 0.949

Coronary heart disease (%) 20 (16.5) 49 (12.3) 0.231

Current Smoker (%) 63 (52.1) 192 (48.2) 0.461

Table 2 Characteristics of Patients in Pre-intervention and Post-intervention.

P values are from t test or a Kruskal–Wallis nonparametric test for continuous variables and χ2 test for categorical variables. IQR, 
interquartile range; NIHSS, National Institutes of Health Stroke Scale; and TIA, transient ischemic attack.
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Both continuous and categorical DNT decreased 
significantly in the post-intervention period. Median DNT 
reduced from 62 (IQR 52–80) min to 37 (IQR 29–48) min 
(P < 0.001) and mean DNT reduced from 67 ± 25 min 
to 41 ± 19 min (P < 0.001). The X-bar chart shows an 
immediate shift of monthly mean DNT post-intervention 
(Figure 3). The interval of mean DNT gradually narrowed 
throughout the post-intervention period. The percentage 
of cases treated within 30, 45 or 60 minutes increased 
from 2.5%, 17.4% and 44.6% to 27.4%, 69.4% and 
84.7% respectively (P < 0.001; Table 3).

Prevalence of fatal intracranial hemorrhage was 1.7% 
(n = 2) pre-intervention and 1.3% (n = 5) post-intervention 
(P = 0.740). The proportion of stroke mimics was 5.8% (n 
= 7) pre-intervention and 4.5% (n = 18) post-intervention 
(P = 0.389). A sensitivity analysis was performed on 
median DNT removing the stroke mimics and the results 
remained significant, reduced from 62 (IQR 52–80) min 
to 37 (IQR 29–46) min (P < 0.001).

There was a decrease in the median length of inpatient 
stay from 10 (IQR 8–16) days to 8 (IQR 6–11) days (P < 
0.001). No significant difference was detected between 
the periods in the inpatient medical expenses (48422 ± 
62664 versus 42766 ± 54563 post-intervention; P = 0.340) 
or median OTD times, 120 (IQR 90–180) min versus 115 
(IQR 89–155) min post-intervention (P = 0.125).

For 90-day mRS scores, stroke mimics and missing data 
(n = 15 pre-intervention, n = 87 post-intervention) were 
excluded. After the intervention, significant improvement 
was shown only in patients with severe disability (Table 4). 
The proportion of patients with severe disability decreased 
from 25.5% pre-intervention to 15.8% post-intervention.

DISCUSSION

With implementation of the theory-based resource 
integration project, we achieved a substantial reduction 

PREINTERVENTION 
(N = 121) 

POSTINTERVENTION 
(N = 398)

UNADJUSTED 
ODDS RATIO

P 
VALUE

ADJUSTED ODDS RATIO P 
VALUE

<60 min (%) 54 (44.6) 337 (84.7) 6.85 (4.37–10.75) <0.001 7.31 (4.59–11.63) <0.001

<45 min (%) 21 (17.4) 276 (69.4) 10.77 (6.43–18.05) <0.001 11.93 (7.04–20.20) <0.001

<30 min (%) 3 (2.5) 109 (27.4) 14.84 (4.62–47.65) <0.001 14.84 (4.62–47.65) <0.001

Table 3 Time Between ED Arrival and Thrombolysis Administration (Categorical Door-to-Needle Time in Minutes).

Multivariable models include adjustment for age, sex, medical insurance, baseline NIHSS score, history of hypertension, diabetes 
mellitus, atrial fibrillation, coronary heart disease, prior stroke and current smoker.

Figure 3 Statistical Process Control chart of monthly average door-to-needle times. Blue double arrow line shows the timing 
of the intervention. Black arrows show the timing of interventions: a. Ambulance sharing, neuro emergency establishing, stroke 
emergency and emergency triage nurse training, screening tool using, single-call activation, stroke code activation, rapid acquisition 
of brain imaging, thrombotic drugs storing in the CT room, transport of patients by EMS directly to the scanner, thrombolysis 
administering in the imaging area were implemented in July; b. Pre-notification by EMS, electronic wristband, rapid triage protocol, 
rapid interpretation of brain imaging were implemented in September; c. Community education, EMS staff training, structured 
information sharing by multimedia instant messenger group were implemented in November. DNT, door-to-needle times; CL, center 
line; LCL, lower control limit; UCL, upper control limit.
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in median DNT from 62 to 37 min among AIS patients. 
A continuous gain in thrombolysis administration was 
observed at 90 days, with a reduction of proportion of 
patients with severe disability from 25.5% to 15.8% post-
intervention. Thrombolysis administration rate in our center 
increased from 9.4% to 13.6% post-intervention without 
significant changes in the symptomatic intracerebral 
hemorrhage rate and proportion of stroke mimics.

In our study, the median DNT reduced immediately 
after the intervention in July 2016. Both the extent and 
the timing of DNT reductions exceeded our expectations. 
This might be partly due to the intensive pre-intervention 
communications, through which the center members 
had reached a high degree of consensus on the goals 
and strategies of the project. Another important factor 
was the launching of supporting institutions. A series of 
administrative orders and incentives were carried out in 
advance, aiming to motivate the collaboration between 
different departments of the stroke center. Since the 
interventions were implemented in a one-year time span, a 
continuous reduction in DNT was also expected. However, 
the mean and median DNT had remained stable since the 
significant decline in July 2016. Meanwhile, it was noted that 
the interval of mean DNT gradually narrowed in the post-
intervention period (Figure 3). Accordingly, the proportion 
of patients treated within 30, 45 or 60 min increased with 
each passing year since 2016. This might indicate that 
the new treatment pathway was undergoing a process 
of solidification, which was consistent with the theory of 
service ecosystem. Service innovation needs to go through 
a process of destruction, remodeling and solidification [20].

Given the interventions targeting the initial recognition 
and emergency transportation stage, we would expect a 
reduction in OTD times. However, there was no significant 
difference in the median OTD times between the two 
periods. Potential reason for this result might be the fact 
that the EMS utilization behavior of AIS patients barely 
changed during the intervention. Acute stroke patients in 
China are more likely to arrive at the hospital by private 
vehicles or public transportations, rather than calling the 
EMS. A recent analysis from the Chinese Stroke Center 
Alliance showed that only 12.5% (69 841/560 447) of 
the acute stroke patients were transported by EMS [21]. 
The proportion of patients brought in by ambulance in 
our study was 28.9% pre-intervention and 32.9% post 

intervention, much lower than that in developed countries, 
which might limit the effectiveness of the prenotification 
intervention [22, 23]. Therefore, whole society efforts are 
needed to make stroke patients and their families aware 
of the importance of calling EMS in time [24].

Implementation of the project was followed by a 
significant increase in thrombolysis administration rate 
(from 9.4% to 13.6%) and sustained decrease in the 
median length of hospital stay (from 10 days to 8 days). 
Given that the amount of acute stroke treatment resources 
barely changed during the intervention in our center, it is 
likely that the utilization of resources has been significantly 
improved. Nevertheless, the length of stay of AIS patients 
in China is still much longer than that in the USA and other 
countries [25]. This should be interpreted in the context 
that China has not yet built a complete rehabilitation 
system for stroke patients, so that a longer inpatient stay 
is necessary for better rehabilitation [26, 27]. In addition, 
the reduction in hospital stay was not accompanied with a 
decrease in hospitalization expense, indicating the effect 
of the intervention was more reflected in the utilization 
of hospital resources, rather than the reduction of the 
economic burden. However, a significant improvement 
in patient outcome was detected that fewer patients 
had severe disability 90 days after the intervention. Even 
though, there was no significant reduction in mortality, 
which should be interpreted in the context of an overall 
low mortality in the first 3 months [28].

After more than 20 years since the results of the 
first randomized controlled trial suggested efficacy of 
intravenous thrombolysis in AIS patients, there is still a 
huge gap in the application of intravenous thrombolysis 
around the world [29, 30]. Recent reports of longitudinal 
studies showed substantial decrease of DNT to less than 30 
minutes in the hospitals of United States, Finland, Austria 
and Norway with high thrombolysis administration rates 
(from 15.3% to 16.8%) [28, 31–33]. However, intravenous 
thrombolysis administration in developing countries is 
still underused with administration rates from 2.5% to 
5.3% and median DNT from 63 to 95 min [9, 12, 34]. 
The main reasons for this gap are considered to be the 
different resource setting and social environment [35]. 
Acute stroke treatment resources in developing countries 
are largely unevenly distributed and lack of cooperation 
[34]. Thus the integration of resources, especially 

PREINTERVENTION 
(N = 106) 

POSTINTERVENTION 
(N = 311)

UNADJUSTED 
ODDS RATIO

P VALUE ADJUSTED ODDS 
RATIO

P VALUE

mRs 0–1 (%) 57 (53.8) 183 (58.8) 1.12 (0.59-1.85) 0.326 1.27 (0.78–2.31) 0.471

mRs 2–3 (%) 17 (16.0) 68 (21.9) 1.44 (0.83-2.06) 0.074 1.35 (0.92–1.71) 0.183

mRs 4–5 (%) 27 (25.5) 49 (15.8) 1.83 (1.22-5.47) 0.029 1.62 (1.36–7.64) 0.037

Mortality (%) 5 (4.7) 11 (3.5) 1.13 (0.57-2.10) 0.629 0.94 (0.58–2.82) 0.562

Table 4 Patient outcome (mRs at 90 days). 

Multivariable models include adjustment for age, sex, medical insurance, baseline NIHSS score, history of hypertension, diabetes 
mellitus, atrial fibrillation, coronary heart disease, prior stroke and current smoker.
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operant resources such as information and knowledge, 
has to overcome serious barriers from infrastructure to 
social institutions [36, 37]. For example, an AIS patient 
in China might experience serious treatment delays due 
to the time-consuming pretreatment medical insurance 
certification or just because the accompanying family 
could not understand the benefits of intravenous 
thrombolysis [38]. As a result, there is an urgent need to 
establish more flexible resource integration principles for 
intravenous thrombolysis for developing countries.

An important difference between this intervention 
and several others is the use of a theory-based 
resource integration framework. Several strategies were 
specially adjusted to the local environment according 
to the framework, such as the post treatment payment 
qualification by using a stroke code, the application of 
an electronic wristband to automatically record the time 
points. From this point of view, various environment-
adapted strategies that can improve the quality and 
efficiency of information collection or sharing might be 
potential services improvement opportunities. The basic 
principles of this framework might be adapted to various 
resource settings and is conducive to the continuous 
improvement of intravenous thrombolysis. For example, 
the application of the telemedicine-based assessment 
on ambulance or even a simple text messaging could 
save the time of diagnosis by improving the efficiency of 
information sharing, in which the later is also feasible in 
many low resource setting areas [39, 40].

Our study has several limitations. First, it is a single-
center study and unknown contextual factors might 
limit generalizability. Second, inferences regarding cause 
and effect will be limited by the pre–post study design 
due to confounding factors that we might not be able 
to adjust for. Third, we implemented the interventions 
concurrently rather than testing the effects of each 
intervention in a controlled setting. Forth, we included the 
one-year intervention process in the post-intervention 
stage, which may lead to underestimation of the effect. 
However, it is not our intention to demonstrate the 
effectiveness of each strategy, but to comprehensively 
present the process and result of the theory-based 
resource integration project for broader reference.

LESSONS LEARNED

•	 Adequate pre-intervention activities are important 
conditions for the smooth implementation of a 
complex service integration initiative. 

•	 The integration of heterogeneous resources has to 
overcome serious barriers from infrastructure to 
social institutions.

•	 A new treatment pathway might undergo a process 
of destruction, remodeling and solidification before 
stable and effective operation.

•	 Various environment-adapted strategies that can 
improve the quality and efficiency of information 
collection or sharing might be potential services 
improvement opportunities.

CONCLUSION

Introduction of the multifaceted resource integration 
project was associated with increased thrombolysis 
administrations and significantly shorter DNT, with no 
significant changes in the symptomatic intracerebral 
hemorrhage rate and proportion of stroke mimics. 
The basic principles of this project might be adapted 
to various resource settings. Future studies with 
experimental or quasi-experimental designs are needed 
to better assess the effectiveness of the resource 
integration framework.

ADDITIONAL FILES
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intervention. DOI: https://doi.org/10.5334/ijic.5616.s1
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ijic.5616.s2

ACKNOWLEDGEMENTS 
F.Z., P.S. and Q.F. had full access to all the data in the 
study and take responsibility for the integrity of the data 
and the accuracy of the data analysis. Q.F. conceived and 
designed the study, and drafted the manuscript. X.W., 
D.Z., S.L., W.W., Z.G., G.C., and Z.F. revised the manuscript 
for important intellectual content.

REVIEWERS

Noreen Kamal, P.Eng. Ph.D., Assistant Professor, Department 
of Industrial Engineering, Dalhousie University, Canada.

Two anonymous reviewers.

FUNDING INFORMATION

This study was supported by the National Natural Science 
Foundation of China (Grant No. 7210041057, 71673098), 
China Postdoctoral Science Foundation (Grant No. 
2021M691128), ‘the Fundamental Research Funds for the 
Central Universities’, HUST (Grant No. 2020WKYXQN020). 
The funders had no role in study design, data collection, 
and analysis, decision to publish, or preparation of the 
manuscript.

https://doi.org/10.5334/ijic.5616
https://doi.org/10.5334/ijic.5616.s1
https://doi.org/10.5334/ijic.5616.s2
https://doi.org/10.5334/ijic.5616.s2


9Fu et al. International Journal of Integrated Care DOI: 10.5334/ijic.5616

COMPETING INTERESTS

The authors have no competing interests to declare.

AUTHOR AFFILIATIONS 
Qian Fu, PhD  orcid.org/0000-0001-6385-0502 
School of Medicine and Health Management, Tongji Medical 
College, Huazhong University of Science and Technology, 
Wuhan, Hubei, CN

Xiaojun Wang, PhD  orcid.org/0000-0001-5770-1893 
Wuhan Pulmonary Hospital, Wuhan Institute for Tuberculosis 
Control, Wuhan, CN

Donglan Zhang, PhD  orcid.org/0000-0001-5225-4721 
Department of Health Policy and Management, College of Public 
Health, University of Georgia, US

Lu Shi, PhD  orcid.org/0000-0001-8352-2813 
Department of Public Health Sciences, Clemson University, US

Wei Wang, MD 
Wuhan No. 1 Hospital, Wuhan, Hubei, CN

Zhangbao Guo, MD 
Wuhan No. 1 Hospital, Wuhan, Hubei, CN

Ping Shan, PhD  orcid.org/0000-0003-3155-7867 
Wuhan No. 1 Hospital, Wuhan, Hubei, CN

Guohua Chen, PhD 
Wuhan No. 1 Hospital, Wuhan, Hubei, CN

Zhanchun Feng, PhD  orcid.org/0000-0001-6021-0016 
School of Medicine and Health Management, Tongji Medical 
College, Huazhong University of Science and Technology, 
Wuhan, Hubei, CN

REFERENCES

1.	 Li Z, Wang C, Zhao X, Liu L, Wang C, Li H, et al. Substantial 

Progress Yet Significant Opportunity for Improvement in 

Stroke Care in China. Stroke. 2016; 47: 2843–9. DOI: https://

doi.org/10.1161/STROKEAHA.116.014143

2.	 Wang W, Jiang B, Sun H, Ru X, Sun D, Wang L, et al. 

Prevalence, Incidence, and Mortality of Stroke in China: 

Results from a Nationwide Population-Based Survey of 480 

687 Adults. Circulation. 2017; 135: 759–71. DOI: https://

doi.org/10.1161/CIRCULATIONAHA.116.025250

3.	 Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, 

Bambakidis NC, Becker K, et al. Guidelines for the Early 

Management of Patients With Acute Ischemic Stroke: 

2019 Update to the 2018 Guidelines for the Early 

Management of Acute Ischemic Stroke: A Guideline 

for Healthcare Professionals From the American Heart 

Association/American Stroke Association. Stroke. 2019; 

50(12): e344–e418. DOI: https://doi.org/10.1161/

STR.0000000000000211

4.	 Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, 

Bluhmki E, et al. Effect of treatment delay, age, and stroke 

severity on the effects of intravenous thrombolysis with 

alteplase for acute ischaemic stroke: a meta-analysis of 

individual patient data from randomised trials. Lancet 

(London, England). 2014; 384(9958): 1929–35. DOI: https://

doi.org/10.1016/S0140-6736(14)60584-5

5.	 Meretoja A, Keshtkaran M, Saver JL, Tatlisumak T, 

Parsons MW, Kaste M, et al. Stroke thrombolysis: save 

a minute, save a day. Stroke. 2014; 45(4): 1053–8. DOI: 

https://doi.org/10.1161/STROKEAHA.113.002910

6.	 Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, 

Connor M, Bennett DA, et al. Global and regional burden 

of first-ever ischaemic and haemorrhagic stroke during 

1990–2010: findings from the Global Burden of Disease 

Study 2010. The Lancet Global health. 2013; 1(5): e259–81. 

DOI: https://doi.org/10.1016/S2214-109X(13)70089-5

7.	 Durai Pandian J, Padma V, Vijaya P, Sylaja PN, Murthy 

JM. Stroke and thrombolysis in developing countries. 

International journal of stroke: official journal of the 

International Stroke Society. 2007; 2(1): 17–26. DOI: 

https://doi.org/10.1111/j.1747-4949.2007.00089.x

8.	 Wang Y, Liao X, Zhao X, Wang DZ, Wang C, Nguyen-

Huynh MN, et al. 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(6): 1658–64. DOI: https://doi.

org/10.1161/STROKEAHA.110.604249

9.	 Wangqin R, Laskowitz DT, Wang Y, Li Z, Wang Y, Liu L, 

et al. 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. 

J Am Heart Assoc. 2018; 7: e010623. DOI: https://doi.

org/10.1161/JAHA.118.010623

10.	 Xian Y, Xu H, Lytle B, Blevins J, Peterson ED, Hernandez 

AF, et al. Use of Strategies to Improve Door-to-Needle 

Times With Tissue-Type Plasminogen Activator in 

Acute Ischemic Stroke in Clinical Practice: Findings from 

Target: Stroke. Circulation Cardiovascular quality and 

outcomes. 2017; 10(1). DOI: https://doi.org/10.1161/

CIRCOUTCOMES.116.003227

11.	 Kamal N, Smith EE, Jeerakathil T, Hill MD. Thrombolysis: 

Improving door-to-needle times for ischemic stroke 

treatment – A narrative review. International journal 

of stroke: official journal of the International Stroke 

Society. 2018; 13(3): 268–76. DOI: https://doi.

org/10.1177/1747493017743060

12.	 Hassankhani H, Soheili A, Vahdati SS, Mozaffari FA, 

Fraser JF, Gilani N. Treatment Delays for Patients 

With Acute Ischemic Stroke in an Iranian Emergency 

Department: A Retrospective Chart Review. Annals of 

emergency medicine. 2019; 73(2): 118–29. DOI: https://doi.

org/10.1016/j.annemergmed.2018.08.435

13.	 Carlos Garcia-Monco J, Gonzalo Garcia A, Garcia Sanchez 

JM, Martinez Vazquez MM, Munoz Tena R, Olaldecoa 

Alonso AI, et al. The stroke pathway: an integrated 

approach to health care of stroke patients. International 

Journal of Integrated Care. 2019; 19. DOI: https://doi.

org/10.5334/ijic.s3544

14.	 Vat LE, Middelkoop I, Buijck BI, Minkman MMN. The 

Development of Integrated Stroke Care in the Netherlands 

a Benchmark Study. International Journal of Integrated 

Care. 2016; 16. DOI: https://doi.org/10.5334/ijic.2444

https://doi.org/10.5334/ijic.5616
https://orcid.org/0000-0001-6385-0502
https://orcid.org/0000-0001-5770-1893
https://orcid.org/0000-0001-5225-4721
https://orcid.org/0000-0001-8352-2813
https://orcid.org/0000-0003-3155-7867
https://orcid.org/0000-0001-6021-0016
https://doi.org/10.1161/STROKEAHA.116.014143
https://doi.org/10.1161/STROKEAHA.116.014143
https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1016/S0140-6736(14)60584-5
https://doi.org/10.1016/S0140-6736(14)60584-5
https://doi.org/10.1161/STROKEAHA.113.002910
https://doi.org/10.1016/S2214-109X(13)70089-5
https://doi.org/10.1111/j.1747-4949.2007.00089.x
https://doi.org/10.1161/STROKEAHA.110.604249
https://doi.org/10.1161/STROKEAHA.110.604249
https://doi.org/10.1161/JAHA.118.010623
https://doi.org/10.1161/JAHA.118.010623
https://doi.org/10.1161/CIRCOUTCOMES.116.003227
https://doi.org/10.1161/CIRCOUTCOMES.116.003227
https://doi.org/10.1177/1747493017743060
https://doi.org/10.1177/1747493017743060
https://doi.org/10.1016/j.annemergmed.2018.08.435
https://doi.org/10.1016/j.annemergmed.2018.08.435
https://doi.org/10.5334/ijic.s3544
https://doi.org/10.5334/ijic.s3544
https://doi.org/10.5334/ijic.2444


10Fu et al. International Journal of Integrated Care DOI: 10.5334/ijic.5616

15.	 Lusch RF, Nambisan S. Service Innovation: A Service-

Dominant Logic Perspective. MIS quarterly. 2017; 39: 

155–75. DOI: https://doi.org/10.25300/MISQ/2015/39.1.07

16.	 Lusch RF, Vargo SL, Gustafsson A. Fostering a trans-

disciplinary perspectives of service ecosystems. Journal 

of Business Research. 2016; 69: 2957–63. DOI: https://doi.

org/10.1016/j.jbusres.2016.02.028

17.	 Frow P, McColl-Kennedy JR, Payne A. Co-creation 

practices: Their role in shaping a health care ecosystem. 

Industrial Marketing Management. 2016; 56: 24–39. DOI: 

https://doi.org/10.1016/j.indmarman.2016.03.007

18.	 Zhao J, Liu R. Stroke 1–2–0: a rapid response programme 

for stroke in China. The Lancet Neurology. 2017; 16(1): 

27–8. DOI: https://doi.org/10.1016/S1474-4422(16)30283-6

19.	 Wall HK, Beagan BM, O’Neill J, Foell KM, Boddie-Willis 

CL. Addressing stroke signs and symptoms through public 

education: the Stroke Heroes Act FAST campaign. Prev 

Chronic Dis. 2008; 5(2): A49–A.

20.	 Koskela-Huotari K, Edvardsson B, Jonas JM, Sörhammar 

D, Witell L, Sorhammar D, et al. Innovation in service 

ecosystems-Breaking, making, and maintaining 

institutionalized rules of resource integration. Journal of 

Business Research. 2016; 69: 2964–71. DOI: https://doi.

org/10.1016/j.jbusres.2016.02.029

21.	 Gu HQ, Rao ZZ, Yang X, Wang CJ, Zhao XQ, Wang YL, et al. 

Use of Emergency Medical Services and Timely Treatment 

Among Ischemic Stroke. Stroke. 2019; 50: 1013–6. DOI: 

https://doi.org/10.1161/STROKEAHA.118.024232

22.	 Gache K, Couralet M, Nitenberg G, Leleu H, Minvielle E. 

The role of calling EMS versus using private transportation 

in improving the management of stroke in France. 

Prehospital emergency care: official journal of the National 

Association of EMS Physicians and the National Association 

of State EMS Directors. 2013; 17(2): 217–22. DOI: https://

doi.org/10.3109/10903127.2012.755584

23.	 Haesebaert J, Nighoghossian N, Mercier C, Termoz A, 

Porthault S, Derex L, et al. Improving Access to Thrombolysis 

and Inhospital Management Times in Ischemic Stroke: A 

Stepped-Wedge Randomized Trial. Stroke. 2018; 49: 405–11. 

DOI: https://doi.org/10.1161/STROKEAHA.117.018335

24.	 Adeoye O, Nystrom KV, Yavagal DR, Luciano J, Nogueira 

RG, Zorowitz RD, et al. Recommendations for the 

Establishment of Stroke Systems of Care: A 2019 Update. 

Stroke. 2019; 50: e187-e210. DOI: https://doi.org/10.1161/

STR.0000000000000173

25.	 Nguyen-Huynh MN, Klingman JG, Avins AL, Rao VA, 

Eaton A, Bhopale S, et al. Novel Telestroke Program 

Improves Thrombolysis for Acute Stroke Across 

21 Hospitals of an Integrated Healthcare System. 

Stroke. 2018; 49: 133-+. DOI: https://doi.org/10.1161/

STROKEAHA.117.018413

26.	 Zhou B, Zhang J, Zhao Y, Li X, Anderson CS, Xie B, et al. 

Caregiver-Delivered Stroke Rehabilitation in Rural China. 

Stroke. 2019; 50: 1825–30. DOI: https://doi.org/10.1161/

STROKEAHA.118.021558

27.	 Bettger JP, Li Z, Xian Y, Liu L, Zhao X, Li H, et al. 

Assessment and provision of rehabilitation among patients 

hospitalized with acute ischemic stroke in China: Findings 

from the China National Stroke Registry II. International 

journal of stroke: official journal of the International 

Stroke Society. 2017; 12(3): 254–63. DOI: https://doi.

org/10.1177/1747493017701945

28.	 Willeit J, Geley T, Schoch J, Rinner H, Tur A, Kreuzer H, 

et al. Thrombolysis and clinical outcome in patients with 

stroke after implementation of the Tyrol Stroke Pathway: 

a retrospective observational study. The Lancet Neurology. 

2015; 14(1): 48–56. DOI: https://doi.org/10.1016/S1474-

4422(14)70286-8

29.	 Kaste M. Stroke: advances in thrombolysis. The Lancet 

Neurology. 2013; 12(1): 2–4. DOI: https://doi.org/10.1016/

S1474-4422(12)70273-9

30.	 Rha JH, Shrivastava VP, Wang Y, Lee KE, Ahmed N, 

Bluhmki E, et al. Thrombolysis for acute ischaemic 

stroke with alteplase in an Asian population: results of 

the multicenter, multinational Safe Implementation 

of Thrombolysis in Stroke-Non-European Union World 

(SITS-NEW). International journal of stroke: official 

journal of the International Stroke Society. 2014; 9(Suppl 

A100): 93–101. DOI: https://doi.org/10.1111/j.1747-

4949.2012.00895.x

31.	 Tong X, Wiltz JL, George MG, Odom EC, Coleman King 

SM, Chang T, et al. A Decade of Improvement in Door-to-

Needle Time Among Acute Ischemic Stroke Patients, 2008 

to 2017. Circulation Cardiovascular quality and outcomes. 

2018; 11(12): e004981. DOI: https://doi.org/10.1161/

CIRCOUTCOMES.118.004981

32.	 Meretoja A, Weir L, Ugalde M, Yassi N, Yan B, Hand P, 

et al. Helsinki model cut stroke thrombolysis delays to 

25 minutes in Melbourne in only 4 months. Neurology. 

2013; 81(12): 1071–6. DOI: https://doi.org/10.1212/

WNL.0b013e3182a4a4d2

33.	 Ajmi SC, Advani R, Fjetland L, Kurz KD, Lindner T, 

Qvindesland SA, et al. Reducing door-to-needle times in 

stroke thrombolysis to 13 min through protocol revision 

and simulation training: a quality improvement project in a 

Norwegian stroke centre. BMJ quality & safety; 2019. DOI: 

https://doi.org/10.1136/bmjqs-2018-009117

34.	 Khurana D, Das B, Kumar A, Kumar SA, Khandelwal N, 

Lal V, et al. Temporal Trends in Intravenous Thrombolysis 

in Acute Ischemic Stroke: Experience from a Tertiary Care 

Center in India. Journal of stroke and cerebrovascular 

diseases: the official journal of National Stroke Association. 

2017; 26(6): 1266–73. DOI: https://doi.org/10.1016/j.

jstrokecerebrovasdis.2017.01.019

35.	 Suwanwela NC, Phanthumchinda K, Likitjaroen Y. 

Thrombolytic therapy in acute ischemic stroke in Asia: 

The first prospective evaluation. Clinical neurology and 

neurosurgery. 2006; 108(6): 549–52. DOI: https://doi.

org/10.1016/j.clineuro.2005.09.008

36.	 Flores A, Seró L, Otto C, Mernes R, Gonzalez S, Diaz-

Escobar L, et al. Impact of prehospital stroke code in a 

public center in Paraguay: A pilot study. International 

Journal of Stroke. 2019; 14(6): 646–9. DOI: https://doi.

org/10.1177/1747493019828643

https://doi.org/10.5334/ijic.5616
https://doi.org/10.25300/MISQ/2015/39.1.07
https://doi.org/10.1016/j.jbusres.2016.02.028
https://doi.org/10.1016/j.jbusres.2016.02.028
https://doi.org/10.1016/j.indmarman.2016.03.007
https://doi.org/10.1016/S1474-4422(16)30283-6
https://doi.org/10.1016/j.jbusres.2016.02.029
https://doi.org/10.1016/j.jbusres.2016.02.029
https://doi.org/10.1161/STROKEAHA.118.024232
https://doi.org/10.3109/10903127.2012.755584 
https://doi.org/10.3109/10903127.2012.755584 
https://doi.org/10.1161/STROKEAHA.117.018335
https://doi.org/10.1161/STR.0000000000000173
https://doi.org/10.1161/STR.0000000000000173
https://doi.org/10.1161/STROKEAHA.117.018413
https://doi.org/10.1161/STROKEAHA.117.018413
https://doi.org/10.1161/STROKEAHA.118.021558
https://doi.org/10.1161/STROKEAHA.118.021558
https://doi.org/10.1177/1747493017701945
https://doi.org/10.1177/1747493017701945
https://doi.org/10.1016/S1474-4422(14)70286-8
https://doi.org/10.1016/S1474-4422(14)70286-8
https://doi.org/10.1016/S1474-4422(12)70273-9
https://doi.org/10.1016/S1474-4422(12)70273-9
https://doi.org/10.1111/j.1747-4949.2012.00895.x
https://doi.org/10.1111/j.1747-4949.2012.00895.x
https://doi.org/10.1161/CIRCOUTCOMES.118.004981
https://doi.org/10.1161/CIRCOUTCOMES.118.004981
https://doi.org/10.1212/WNL.0b013e3182a4a4d2
https://doi.org/10.1212/WNL.0b013e3182a4a4d2
https://doi.org/10.1136/bmjqs-2018-009117
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.01.019
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.01.019
https://doi.org/10.1016/j.clineuro.2005.09.008
https://doi.org/10.1016/j.clineuro.2005.09.008
https://doi.org/10.1177/1747493019828643
https://doi.org/10.1177/1747493019828643


11Fu et al. International Journal of Integrated Care DOI: 10.5334/ijic.5616

TO CITE THIS ARTICLE:
Fu Q, Wang X, Zhang D, Shi L, Wang W, Guo Z, Shan P, Chen G, Feng Z. Improving Thrombolysis for Acute Ischemic Stroke: The 
Implementation and Evaluation of a Theory-Based Resource Integration Project in China. International Journal of Integrated Care, 
2022; 22(1): 9, 1–11. DOI: https://doi.org/10.5334/ijic.5616

Submitted: 28 September 2020     Accepted: 27 January 2022     Published: 08 February 2022

COPYRIGHT:
© 2022 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 
International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. See http://creativecommons.org/licenses/by/4.0/.

International Journal of Integrated Care is a peer-reviewed open access journal published by Ubiquity Press.

37.	 Nikkhah K, Avan A, Shoeibi A, Azarpazhooh A, 

Ghandehari K, Foerch C, et al. Gaps and hurdles deter 

against following stroke guidelines for thrombolytic 

therapy in Iran: exploring the problem. Journal of stroke 

and cerebrovascular diseases: the official journal of 

National Stroke Association. 2015; 24(2): 408–15. DOI: 

https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.09.012

38.	 Ding Y, Ji Z, Ma L, Zhai T, Gu Z, Niu J, et al. Interhospital 

transfer on intravenous thrombolysis in patients with acute 

ischemic stroke in three chinese municipal stroke centers. 

Journal of thrombosis and thrombolysis. 2019; 48(4): 580–

6. DOI: https://doi.org/10.1007/s11239-019-01912-y

39.	 Barrett KM, Pizzi MA, Kesari V, TerKonda SP, 

Mauricio EA, Silvers SM, et al. Ambulance-based 

assessment of NIH Stroke Scale with telemedicine: 

A feasibility pilot study. Journal of telemedicine 

and telecare. 2017; 23(4): 476–83. DOI: https://doi.

org/10.1177/1357633X16648490

40.	 Burnett MM, Zimmermann L, Coralic Z, Quon T, 

Whetstone W, Kim AS. Simple text-messaging 

intervention is associated with improved door-

to-needle times for acute ischemic stroke. Stroke. 

2014; 45(12): 3714–6. DOI: https://doi.org/10.1161/

STROKEAHA.114.007294

https://doi.org/10.5334/ijic.5616
https://doi.org/10.5334/ijic.5616
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.09.012
https://doi.org/10.1007/s11239-019-01912-y
https://doi.org/10.1177/1357633X16648490
https://doi.org/10.1177/1357633X16648490
https://doi.org/10.1161/STROKEAHA.114.007294
https://doi.org/10.1161/STROKEAHA.114.007294



