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Objectives: This study aims to evaluate shortening door-to-needle time of intrave-
nous recombinant tissue plasminogen activator of acute ischemic stroke patients by
multidisciplinary collaboration and workflow optimization based on our hospital
resources. Materials and methods: We included patients undergoing thrombolysis
with intravenous recombinant tissue plasminogen activator from January 1, 2018,
to September 30, 2020. Patients were divided into pre- (January 1, 2018, to Decem-
ber 31, 2019) and post-intervention groups (January 1, 2020, to September 31, 2020).
We conducted multi-department collaboration and process optimization by imple-
menting 16 different measures in prehospital, in-hospital, and post-acute feedback
stages for acute ischemic stroke patients treated with intravenous thrombolysis. A
comparison of outcomes between both groups was analyzed. Results: Two hundred
and sixty-three patients received intravenous recombinant tissue plasminogen acti-
vator in our hospital during the study period, with 128 and 135 patients receiving
treatment in the pre-intervention and post-intervention groups, respectively. The
median (interquartile range) door-to-needle time decreased significantly from 57.0
(45.3�77.8) min to 37.0 (29.0�49.0) min. Door-to-needle time was shortened to
32 min in the post-intervention period in the 3rd quarter of 2020. The door-to-needle
times at the metrics of � 30 min, � 45 min, � 60 min improved considerably, and
the DNT> 60 min metric exhibited a significant reduction. Conclusions: A multidis-
ciplinary collaboration and continuous process optimization can result in overall
shortened door-to-needle despite the challenges incurred by the COVID-19
pandemic.
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COVID-19 pandemic
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Introduction

The effect of thrombolysis is time-dependent. Intrave-
nous recombinant tissue plasminogen activator (IV-rtPA)
has significantly improved patient outcomes when
administrated within 4.5 h of symptom onset and in the
extended time window.1�3 To maximize clinical benefit,
all efforts should be undertaken to shorten the treatment
delay.1�3 Patients affected by large vessel infarction lose
approximately 1.9 million neurons every minute without
reperfusion.4 Previously, researchers at the Helsinki Uni-
versity Central Hospital implemented measures to reduce
delays and shorten the median door-to-needle (DNT) to
20 min with an interquartile range (IQR) of 14�32 min.5

However, less than 30% of patients had the recommended
door-to-CT-time (DCT) of 20 min and DNT of 60 min by
the American Medical Association (AMA).7 The Canadian
Stroke Best Practices Recommendations (CSBPR) advised
DNT for acute stroke should be reduced to a median of
30 min.6

Chao et al. reported the median DNT in the China
Stroke Prevention Project Committee (CSPPC) program of
380 Chinese stroke centers to be 48 min (add IQR if avail-
able).8 Previous studies demonstrated that door-to-needle
time could be shortened in most centers by understanding
the causes of delays to rapid treatment and the implemen-
tation of parallel workflow strategies.9

Our hospital in Foshan, Guangdong province, China, is
an 898-bed tertiary hospital. Suspected acute stroke
patients arriving at our emergency department enter our
stroke priority green pathway. Emergency physicians
receive patients as a priority and request urgent neurolog-
ical consultation. This study aimed to evaluate whether a
multi-department collaboration and workflow optimiza-
tion protocol could shorten the DNT of IV rt-PA in
patients presenting with acute ischemic stroke.
Subjects and methods

Patients

Our respective emergency department included
patients undergoing thrombolysis with IV rt-PA from Jan-
uary 1, 2018, to September 30, 2020. All other patients
diagnosed with ischemic stroke but who did not receive
thrombolysis with IV rt-PA were excluded. In anticipation
of stroke protocol changes that would be necessary at the
beginning of the COVID-19 pandemic,10 we continuously
refined and disseminated our protocol since its implemen-
tation in January of 2020. Patients were divided into pre-
intervention (from January 1, 2018, to December 31, 2019)
and post-intervention groups (January 1, 2020, to Septem-
ber 31, 2020). It is worth mentioning that the post-inter-
vention group coincided with the start of the COVID-19
pandemic. Patient demographics, including associated
risk factors of stroke, NIHSS score on emergency depart-
ment arrival, symptom onset-to-door time (ODT), DCT,
CT-to-needle-time (CNT), DNT, onset-to-needle time
(ONT), and intracranial hemorrhagic complications, were
recorded. A comparison of outcomes between both
groups was analyzed. The hospital ethics committee
approved this study.

Interventions

To shorten DNT at our hospital via multidisciplinary
and workflow optimization in prehospital, in-hospital,
and feedback stages, we implemented the following
measures:

(1) Engaging the Hospital chief in the study to facilitate
improving DNT.

(2) Hospital notification via the establishment of a
secure web communication platform (i.e., WeChat, a
Chinese messaging and social app) - hospital pro-
viders acquire patient history from family members
while at the same time informing patients and their
families regarding thrombolysis treatment benefits
and risks.

(3) Ensuring suspected stroke patients are prioritized
for evaluation by an emergency room nurse and
physician.

(4) Monthly training to stroke and emergency nurses to
promptly recognize stroke symptoms and signs, as
well as education regarding the therapeutic window
for acute stroke patients, by neurologists.

(5) Monthly training to emergency room physicians to
recognize symptoms and signs of stroke by neurolo-
gists.

(6) Notifying relevant stroke teams, including emer-
gency healthcare, via a prenotification service before
performing head CT scans.

(7) Prioritizing CT scan and transfer to radiology.
(8) Prioritizing relevant laboratory examination results,

especially International Normalized Ratio (INR) for
patients prescribed anticoagulants.

(9) Facilitating interpretation of head CT by stroke team
physicians without requiring formal radiology
reports (radiology reports can be given priority in
certain circumstances).

(10) Training physicians to effectively communicate
propositions for thrombolysis with promptly signed
informed consent from patients or their families
undergoing thrombolysis (family members were
allowed to enter the emergency department during
the COVID-19 pandemic to sign consent forms).

(11) Training nurses to prepare IV rtPA
quickly and effectively.

(12) Encouraging neurologists to provide immediate
feedback if DNT is delayed.

(13) Inviting the Hospital chief, along with the staff of
neurology, radiology, and emergency departments,
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to attend monthly stroke meetings to analyze the eti-
ology of DNT-delayed cases.

(14) Rewarding associated staff of emergency, neurol-
ogy, and radiology departments financially if DNT
was less than or equal to 60 min.

(15) Connecting with the regional Health Bureau and
media department of the hospital to raise awareness
and public education of acute stroke.

(16) Reinforcing standard procedures for acute stroke
management after the post-intervention period to
achieve a sustainable patient outcome.
Statistical analysis

The results are reported as the median with IQR and the
mean § standard deviation or frequency (displayed in
percentages). The relationships of the baseline characteris-
tics and clinical factors between the pre-intervention and
post-intervention groups were assessed using an indepen-
dent sample t-test, Mann�Whitney U-test, Pearson chi-
square test, or Nonparameter test. All statistical analyzes
were performed using Statistical Package for Social
Table 1. Baseline characteristics of patients betw

Total number pre-intervention

128

Mean age (SE) 62.27 § 12.89

Men, n (%) 90 (70.31)

NIHSS score, median (IQR) 6.0 (3.0�12.0)

Hypertension, n (%) 91 (71.1)

Atrial fibrillation, n (%) 13 (10.48)

Diabetes mellitus, n (%) 13 (10.32)

Previous stroke/TIA, n (%) 8 (6.35)

Previous coronary heart disease, n (%) 16 (12.70)

Hyperlipidemia, n (%) 36 (28.57)

Thrombectomy, n (%) 6 (4.84)

Table 2. Outcome

Total number pre-intervention po

128 13

median DNT 57.0 (45.3�77.8) 3

DNT� 30 min 6 (4.7%)

DNT� 45 min 32 (25%)

DNT� 60 min 73 (57.0%) 1

DNT> 60 min 55 (43.0%)

Median ODT 85.0 (59.0�120.0) 8

Median DCT 13.0 (7.0�22.5) 1

DCT� 20 min 94 (73.4%) 1

Median CNT 45.0 (34.5�58.0) 2

Median ONT 154.0 (120.0�186.0) 13

HT 7 (5.79%)

sICH 4 (3.1%)

ODT: onset-to-door time, DCT: door-to-CT time, DNT: door-to-need

Hemorrhagic Transformation, sICH: symptomatic intracranial hemorrhag
Sciences (SPSS) version 26.0 (Released 2019, IBM SPSS Sta-
tistics for Windows, Version; IBM Corp, Armonk, NY).
"P" values of < 0.05 were considered significant.
Results

Baseline characteristics

In our hospital, two hundred and sixty-three patients
received IV rt-PA, with 128 and 135 patients receiving IV
rtPA in the pre-intervention and post-intervention groups,
respectively. The baseline characteristics of both patient
groups are exhibited in Table 1.
When comparing baseline characteristics in both

groups, the pre-intervention group consisted of a higher
proportion of patients admitted with previous stroke (p-
value = 0.001). Mean age, sex ratio, and median admission
NIHSS scores showed no significant differences. Prior his-
tory of hypertension, atrial fibrillation, diabetes mellitus,
coronary heart disease, hyperlipidemia, and thrombec-
tomy displayed no difference between the two groups.
The comparison of clinical outcomes is shown in

Table 2. The median (IQR) DNT decreased significantly
een pre-intervention and post-intervention.

post-intervention t/z/x2 P value

135

65.20 § 12.71 -1.854 0.07

90 (66.67) 0.404 0.53

6.0 (3.0�12.0) -0.607 0.54

95 (70.4) 0.06 0.81

18(13.43) 0.53 0.47

24 (17.91) 3.067 0.08

28 (20.90) 11.519 0.001

15 (11.19) 0.14 0.708

43 (32.09) 0.38 0.538

15 (11.19) 3.479 0.062

of two groups.

st-intervention t/z/x2 P value

5

7.0 (29.0�49.0) -7.794 < 0.001

40 (29.6%) 28.324 < 0.001

96 (71.1%) 55.92 < 0.001

16 (85.9%) 27.129 < 0.001

19 (14.1%) 27.129 < 0.001

6.5 (52.5�141.3) -0.69 0.49

5.0(10.0�19.0) -1.058 0.29

09 (80.7%) 1.99 0.158

3.0 (17.0�31.8) -8.7 < 0.001

8.5 (98.0�184.5) -2.289 0.022

6 (4.48%) 0.225 0.635

3 (2.22%) 0.005 0.943

le time, CNT: CT-to-needle time, ONT: onset-to-needle time, HT:

e.
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from 57.0 (45.3�77.8) min to 37.0 (29.0�49.0) min
(P < 0.001). The benchmark metrics of DNT� 30 min,
DNT� 45 min, and DNT� 60 min improved considerably,
and the DNT> 60 min metric exhibited a significant
reduction(P < 0.001). Median DCT increased from 13.0
(7.0�22.5) min to 15.0 (10.0�19.0) min (p = 0.290). The
door to CT increase was not significant. However,
DCT� 20 min improved from 73.4% to 80.7%(P = 0.158).
Median CNT reduced significantly from 45.0 (34.5�58.0)
min to 23.0 (17.0�31.8) min (p < 0.001). There was no dif-
ference in the rates of hemorrhagic transformation (5.8%
vs 4.5%, p = 0.94) and symptomatic intracranial hemor-
rhage (3.1% vs 2.2%, p = 0.94). A summary of Median
DNT, ODT, DCT, CNT, and ONT from 2018 January to
2020 September is shown in Table 3.
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Discussion

Our study showed that multidisciplinary collaboration
and workflow optimization could be considered an effec-
tive strategy to reduce DNT (Fig. 1). The highest median
DNT was 73.5 (46.25�86.00) min in the pre-intervention
group in the Q1 of 2019 (Fig. 2). DNT was shortened to
32 min in the post-intervention period in the Q3 of 2020.
DNT from 2018 to 2020 was decreased significantly from
the highest of 73.5 (46.25�86.00) min to 32 (25.0�43.0)
min (Fig. 2). Median DTN 2018 68 min, Q 1 2019 73.5 min
- vs Q2 and Q3 2020, 35 min and 32 min respectively, all
P-value < 0.001. The benchmark metrics of meeting DNT
to less than 30, 45, and 60 min were improved (Fig. 2).
Median CNT was reduced from 51.5 to 19 min. However,
we found that ODT in the pre-intervention group was
85.0 min compared to the ODT in the post-intervention
group, which was 86.5 min (p-value 0.49). We speculate
that potential explanations for this delay could be due to
the effects of the COVID-19 outbreak in China in the first
quarter of 2020. Our hospital was designated to manage
patients diagnosed with COVID-19 from the end of Janu-
ary 2020. Though there were only 13 COVID-19 cases
reported in our district in 2020, The COVID-19 outbreak
had impacted stroke care in several dimensions, including
T
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Fig. 1. DNT meeting rate from 2018 to Q3 of 2020.



Fig. 2. Median DNT from 2018 to Q3 of 2020.
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a global decline in stroke and cerebrovascular
admissions.11�15

In our study, we noted the median DCT increased from
13.0 (9.3�22.3) min in the Q4 of 2019 to 15.0 (10.0�21.0)
min in the Q1 of 2020 and 15.0 (10.0�21.0) min in the Q2
of 2020 (Fig. 3). These longer times could have been attrib-
uted to our hospital being a COVID-19-designated clinical
environment with rigorous COVID-19 screening in place.
If a patient was found to have a fever or suspected
Fig. 3. A - Median ODT from 2018 to Q3 of 2020; B - Median DCT from 2018 to
2018 to 2020 Q3.
COVID-19, patients requiring CT completed sterilization
and disinfection protocols contributing to DCT delays in
the 1st and 2nd quarter of 2020. Despite the COVID-19
pandemic period, the median CNT shortened to 19 min.
As a result, the median DNT had reduced to 32
(25.0�43.0) min (Fig. 2).
Our findings of shorter DNT times with stroke protocol

implementation during the pandemic are in contrast with
other studies. A multicenter, retrospective cohort study
showed that the mean DNT was 74.2 min in 2020 during
the pandemic, which was longer than the time of 46.4 min
before the pandemic in 2019.16 A study involving nine
comprehensive stroke centers in the United States demon-
strated longer time to IV thrombolysis treatment delay
during the COVID-19 pandemic may have lead to more
hospice care and early mortality.17 While several seg-
ments in the stroke metric pathway were delayed in our
study, the overall DNT was shorter, despite the challenges
of stroke care amidst the pandemic. Therefore, healthcare
professionals should make every minute count, from pre-
hospital to inpatient processing, alongside immediate
clinical feedback to shorten DNT.
2020 Q3; C - Median CNT from 2018 to 2020 Q3; D - Median ONT from
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Limitations

This study consists of a single-center retrospective
design with a lack of reporting of patients' outcomes at
90 days. Future multicenter studies, including patient out-
comes, will be essential to monitor for continued stroke
quality improvement.

Conclusion

Our study demonstrated that multidisciplinary collabo-
ration and process optimization could shorten DNT sig-
nificantly during the COVID-19 pandemic period.
Adaptations to workflow optimization and multidisci-
plinary case management may further benefit healthcare
professionals during events of unforeseeable precedences,
such as the COVID-19 pandemic and other emergencies
in the future. Therefore, as healthcare professionals
trained in the management of acute stroke, we should
make every minute count, from prehospital to inpatient
processing, alongside immediate clinical feedback.
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