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Purpose: Intravenous thrombolysis has emerged as an effective approach to improve the long-term survival and functional status of 
patients with ischemic stroke. The aim of this study was to assess the impact of a national stroke project on the door-to-needle-time (DNT).
Patients and Methods: The patients were divided into pre-construction and construction periods. Construction Measures were 
performed during the construction period. The DNT and onset-to-needle time (ONT) were compared in two period groups.
Results: After participating in the National Stroke Center Project and effective measurements, the thrombolysis treatment metrics 
were improved significantly. The DNT (IQR) was shortened from 65.0 (54.5,85.0) minutes in the Pre-Construction period to 40.0 
(33.0,53.0) minutes in the Construction period (p < 0.001). Similarly, the ONT was reduced from 157.0 (IQR) (115.0,184.0) minutes to 
116.0 (87.8,170.0) minutes (p = 0.035).
Conclusion: The DNT time and ONT time can be shortened by National Stroke Center Construction projects. More suitable hospitals 
should be encouraged to participate as the National Stroke Center.
Keywords: acute ischemic stroke, intravenous thrombolysis, door-to-needle time, onset-to-needle time

Introduction
Stroke accounts for the second most common cause of global death as well as the most common etiology contributing to 
increased mortality and the leading cause of disability-adjusted life-year in China.1 Intravenous thrombolysis is an 
effective approach to improve long-term survival and functional status for patients suffering from ischemic stroke.2

Previous studies have shown that early intravenous alteplase treatment was significantly associated with clinical 
improvement and efficiency of care outcomes for ischemic stroke patients.3–5 In treating stroke patients, every minute 
counts on stroke thrombolysis and the goal is to “Save a Minute, Save a Day”.6 It has also been delayed in thrombolysis 
time metrics that were associated with worse neurological outcomes.7 However, there are still some factors contributing 
to delaying intravenous thrombolytic therapy, including pre-hospital and in-hospital factors.8 Previous studies have 
demonstrated that multidisciplinary collaboration and workflow optimization can shorten the Door-to-Needle-Time 
(DNT) and stroke treatment time.9,10
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In order to prevent and treat stroke effectively, the Ministry of Health China Stroke Prevention Project Committee 
(CSPPC) was established in April 2011 in China.11 The 5th People’s Hospital of Foshan City was a comprehensive 
hospital in Foshan City, Guangdong Province, China. It has more than 500 beds, accommodates more than 1 million 
outpatient visits and 18,000 admissions annually. It provides medical services for more than 300,000 inhabitants. Since 
24/11/2020, the hospital began to apply as a National Stroke Center. The aim of this study was to assess the impact of 
Participating National Stroke Center Construction projects on door-to-needle time (DNT). We hypothesized that 
participation in the National Stroke Center Construction project can result in reduced DNT and improved patient 
outcomes.

Materials and Methods
We retrospectively analyzed the data of the stroke center. The 5th People’s Hospital of Foshan City began to apply as the 
China National Stroke Center on 11/24/2020. We included all thrombolysis patients between 2/27/2019 and 11/30/2021. 
The data were divided into two groups (Pre-construction period 2/27/2019 to 11/23/2020) and (Construction period 11/ 
24/2020 to 11/30/2021), as shown in Table 1.

The data was derived from the China National Stroke Center system and Hospital’s electronic medical record system. 
The following data were collected: age, sex, risk factors of cerebrovascular disease, National Institute of Health Stroke 
Scale (NIHSS) admission, symptomatic intracranial hemorrhage (sICH), DNT, onset to needle time (ONT), onset to door 
time (ODT). Outcomes were evaluated by Modified Rankin Score (mRS) at 90 days.

The 5th People’s Hospital of Foshan City review board approved the study protocol. All patients were consented to do 
the thrombolysis. Written informed consent from the participants’ legal guardians/next of kin was not required to 
participate in this study per the national legislation and institutional requirements. The DNT and other factors were 
collected prospectively as China National Stroke Center projects’ requirements. All patient data were confidential, and all 
procedures performed in the studies involving human participants were in accordance with the ethical standards of the 
institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or 
comparable ethical standards.

A summary of measures for the National Stroke Center Construction is shown in Table 2.
In order to shorten the DNT of thrombolysis and improve stroke care, the hospital team spared no effort to find the 

causes of stroke care delays. The modified measures were conducted as shown in Table 2.

Statistical Analysis
BM SPSS version 27 (IBM-Armonk, NY) was performed to analyze the data. The normally distributed data are described 
as means with corresponding standard deviations (SD) and compared by the Student’s t-test. If the data were non- 
normally distributed continuously, it is compared by non-parametric Mann–Whitney U-test and reported as medians 
along with the interquartile range (IQR). P-values less than 0.05 were considered statistically significant.

Results
The patients were divided into Pre-Construction period and Construction period groups. As demonstrated in Table 3, 
there were 41 patients in the re-Construction period group and 47 in the Construction period groups. There was no 

Table 1 Time Metrics of Participating in National Stroke Center Construction

2/27/2019 to 11/23/2020 Pre-construction period

24/11/2020 Apply to be the National Stroke Center

11/24/2020 to 11/30/2021 Construction period

11/30/2021 Certified as National Stroke Center officially
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Table 2 A Summary of National Stroke Center Construction Measures

Hospital Chief leads the National Stroke Center Construction to shorten the DNT and improve stroke treatment

Participating in training session of CSPPC

Learning from other outstanding hospitals to construct National Stroke Centers

Marking That: Stroke suspected patients Priority to see a doctor and Scan CT and treatment

Improve the regulations stroke center

Improve the thrombolysis equipment, including fast blood glucose meter, weighting bed, Laboratory equipment and stroke mobile phone

Standby related documents: stroke tables, informed consents, NIHSS table

Optimizing Hospital functional zone for stroke treatment

Hospital training: total hospital staff study stroke knowledge and strength time treatment of stroke

Construct stroke treatment network

Out-of-hospital training: training the family doctors and community doctor

Multi-department collaboration: related departments define the stroke diagnosis and treatment procedures, reduce in-hospital delay for stroke 
thrombolysis and treatment

Thrombolysis rehearsal

Improve the stroke writing documents and treatment measures

Multi-disciplinary team to treat stroke patients

Stroke prevention and follow-up: implement the screening system for high-risk groups of stroke patients, provide free community clinic and 

community stroke screening, stroke prevention publicity and education in and out of the hospital

Early rehabilitation assessment and treatment

Sustaining improvement of stroke thrombolysis and continuous quality improvement: weekly review and analysis of thrombolysis cases and special 
cases, monthly stroke center quality control meeting, multidisciplinary joint regular meeting, and case discussion meeting to identify problems, 

improve in time, and optimize the process

Rewards stroke-related technology and measures

Information construction: multimedia propaganda for stroke knowledge

Abbreviations: CSPPC, China Stroke Prevention Project Committee; DNT, door-to-needle time; NIHSS, National Institute of Health Stroke Scale.

Table 3 Comparing the Baseline Information of Two Groups

Pre-Construction Period Construction Period X2/t/z P

Number 41 47

Age Mean±SD 66.27±13.03 68.40±13.74 −0.745 0.458

Female sex, n, % 18 (43.90) 19 (40.43) 0.109 0.742

Coronary heart disease, n, % 4 (9.76) 5 (10.64) 0.019 0.892

Atrial Fibrillation, n, % 4 (9.76) 12 (25.53) 3.663 0.056

Prior Stroke, n, % 9 (21.95) 8 (17.02) 0.341 0.559

Hyperlipemia, n, % 21 (51.22) 21 (44.68) 0.375 0.540

Hypertension, n, % 35 (85.37) 38 (80.85) 0.316 0.574

(Continued)
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statistical significance in age, sex, risk factors of cerebrovascular diseases, NIHSS Admission, and toast types between 
two groups.

After participating in the National Stroke Center Project, effective measures were carried on. The thrombolysis 
treatment metrics were improved significantly as shown in Table 4.

The DNT (IQR) was shortened from 65.0 (54.5,85.0) minutes in the Pre-Construction period to 40.0 (33.0,53.0) 
minutes in the Construction period (p < 0.001). Similarly, the ONT (IQR) was reduced from 157.0 (115.0,184.0) minutes 
to 116.0 (87.8,170.0) minutes (p = 0.035).

There are no significant differences in sICH, mRS discharge and mRS at 90 days as demonstrated in Table 5.

Discussion
Our results revealed that the DNT in our center of thrombolysis could be shortened by 25 minutes from 65.0 minutes to 
40.0 minutes. Similarly, ONT was shortened by 41 minutes from 157.0 minutes to 116.0. Compatible with other previous 
studies, the median DNT was reduced by participating in the National Stroke Center Programs.12 As time is the brain, 

Table 3 (Continued). 

Pre-Construction Period Construction Period X2/t/z P

Diabetes, n, % 12 (29.27) 13 (27.66) 0.028 0.867

Smoker, n, % 14 (34.15) 17 (36.17) 0.039 0.843

NIHSS Admission (IQR) 5.000 (3.0,11.0) 4.000 (2.0,11.0) −0.867 0.386

Toast type 0.655

Large artery atherosclerosis 11 (26.83) 10 (21.28) 1.620

Cardioembolic 4 (9.76) 8 (17.02)

Small vessel disease 24 (58.54) 28 (59.57)

Stroke of other determined etiology 0 (0) 0 (0)

Stroke of undetermined etiology 2(4.88) 1(2.13)

Abbreviations: IQR, interquartile range; NIHSS, National Institute of Health stroke scale.

Table 4 Comparing the Time Metrics of Thrombolysis

Pre-Construction Period Construction Period z P

Median ODT (IQR) 72.0 (49.0,125.0) 73.5 (39.3,120.0) −0.289 0.772

Median DNT (IQR) 65.0 (54.5,85.0) 40.0 (33.0,53.0) −5.386 <0.001

Median ONT (IQR) 157.0 (115.0,184.0) 116.0 (87.8,170.0) −2.105 0.035

Abbreviations: DNT, door-to-needle time; ODT, onset-to-door time; ONT, onset-to-needle time.

Table 5 Comparing the Stroke Outcome of Two Period Groups

Pre-Construction Period Construction Period X2/z P

sICH, n % 3 (7.32) 3(6.38) 0.030 0.862

mRS discharge (IQR) 2.000(1.0,3.5) 1.000(1.0,4.0) −1.103 0.270

mRS at 90 days 1.000(0.0,2.0) 0.000(0.0,2.0) −1.674 0.094

Abbreviations: IQR, interquartile range; mRS, modified Rankin scale; sICH-symptomatic intracranial hemorrhage.
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every minute is precious for the thrombolysis of acute stroke patients.6 The delay factors of intravenous thrombolytic 
therapy include pre-hospital and in-hospital factors.8 Delaying factors were associated with stroke assessment, imaging 
time and thrombolysis administration.8 Atypical or mild symptoms, older, lower socioeconomic status, and living alone 
can contribute to longer onset to needle time.6 As it has been shown previously, treating patients by stroke thrombolysis 
is not only the neurology department’s responsibility but also requires multidisciplinary collaboration.9 Effective multiple 
Strategies can be conducted to shorten DNT in most centers to reach a median DNT of 30 minutes.12 As a previous study 
showed, through the China Stroke Center certification project, the annual rt-PA thrombolysis rates in South China 
increased from 1.4% to 7.2% from 2015 to 2020.11 Stroke thrombolysis should become more prevalent, and rt-PA was 
used more in stroke centers than that in non-stroke centers.11

Data from the China Stroke Center Data-Sharing Platform also showed that admission to stroke center hospitals was related 
to a lower risk of intracranial hemorrhage and mortality for acute ischemic stroke patients receiving thrombolytic therapy.13 

Similarly, the New York Statewide Planning and Research Cooperative System also demonstrated that patients with acute 
ischemic stroke admitted to designated stroke center had lower mortality and higher frequency of use of intravenous 
thrombolysis.14

Endovascular therapy is effective for patients with comorbidities, including atrial fibrillation,15 and it can be used for 
predicting patient mortality.16,17 Based on these findings, we can suggest that the stroke center staff may provide more 
professional thrombolysis and stroke care. The DNT and ONT can be shortened by National Stroke Center Construction 
projects. More suitable hospitals should be encouraged to participate as part of the National Stroke Center.

The time from onset to reperfusion affects the favorable outcome and mortality in stroke patients, every effort should 
be taken to minimize that interval. For example, a previous study demonstrated that real-time feedback on mobile 
application use for emergency management reduced the DNT and improved the patient prognosis.18 In addition, another 
study in Norway used simulation and a revision of their protocol to provide training for the staff, which resulted in 
a shortened DNT.19 In our study, we demonstrated that DNT and ONT can be shortened by national projects by 
multidisciplinary health care and cooperation with resource allocation. Multidisciplinary health care and cooperation 
can be more practical and feasible to perform in some developing countries.

Our study has some limitations. This was a retrospective single-center study with a relatively moderate sample size of only 
88 patients, which can bias the findings. Despite such limitations, our results can provide some insight from a stroke treatment 
perspective in a developing country to prompt other stroke treatment centers around the globe to adopt such measures. Future 
prospective large-scale studies are required to address these limitations, and to validate and expand these findings.

Conclusion
DNT and ONT can be shortened by National Stroke Center Construction projects. More suitable hospitals should be 
encouraged to participate as National Stroke Center.
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