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Generalization of the right acute stroke promotive
strategies in reducing delays of intravenous
thrombolysis for acute ischemic stroke
A meta-analysis
Qiang Huang, MDa, Jing-ze Zhang, MDa, Wen-deng Xu, MDa, Jian Wu, MD, PhDa,b,∗

Abstract
The generalization of successful efforts for reducing time delays in intravenous thrombolysis (IVT) could help facilitate its utility and
benefits in acute ischemic stroke (AIS) patients.
We searched the PubMed and Embase databases for articles reporting interventions to reduce time delays in IVT, published

between January 1995 and September 2017. The IVT rate was chosen as the primary outcome, while the compliance rates of onset-
to-door time (prehospital delay) and door-to-needle time (in-hospital delay) within the targeted time frame were the secondary
outcomes. Interventions designed to reduce prehospital, in-hospital, or total time delays were quantitatively described in meta-
analyses. The efficacy of postintervention improvement was illustrated as odds ratios (ORs) and 95% confidence intervals (95% CIs).
In total, 86 papers (17 on prehospital, 56 on in-hospital, and 13 on total delay) encompassing 17,665 IVT cases were enrolled,

including 28 American, 23 Asian, 30 European, and 5 Australian studies. The meta-analysis revealed statistically significant
improvement in promoting IVT delivery after prehospital improvement interventions with an OR of 1.45 (95% CI, 1.23–1.71) for the
new transportation protocol, 1.38 (95% CI, 1.11–1.73) for educational and training programs, and 1.83 (95% CI, 1.44–2.32) for
comprehensive prehospital stroke code. The benefits of reducing in-hospital delay were much greater in developed western
countries than in Asian countries, with ORs of 2.90 (95% CI, 2.51–3.34), 2.17 (95% CI, 1.95–2.41), and 1.89 (95% CI, 1.74–2.04) in
American, European, and Asian countries, respectively. And telemedicine (OR, 2.26; 95%CI, 2.08–2.46) seemed to work better than
pre-notification alone (OR, 1.94; 95%CI, 1.74–2.17) and in-hospital organizational improvement programs (OR, 2.10; 95%CI, 1.97–
2.23). Mobile stroke treatment unit and use of a comprehensive stroke pathway in the pre- and in-hospital settings significantly
increased IVT rates by reducing total time delay, with ORs of 2.01 (95% CI, 1.60–2.51) and 1.77 (95% CI, 1.55–2.03), respectively.
Optimization of the work flow with organizational improvement or novel technology could dramatically reduce pre- and in-hospital

time delays of IVT in AIS. This study provided detailed information on the net and quantitative benefits of various programs for
reducing time delays to facilitate the generalization of appropriate AIS management.

Abbreviations: 95%CI = 95% confidence interval, AIS = acute ischemic stroke, DNT = door to needle time, EMS = emergency
medical service, IVT = intravenous thrombolysis, mRS = modified Rankin Scale, MSTU = mobile stroke treatment unit, NIHSS =
National Institutes of Health Stroke Scale, NINDS = National Institute of Neurological Disorders and Stroke rt-PA stroke trial, ODT =
onset to door time, ONT = onset to needle time, OR = odds ratio, SICH = symptomatic intracranial hemorrhage.

Keywords: acute ischemic stroke, in-hospital delay, intravenous thrombolysis, organizational improvement, prehospital delay,
stroke pathway, tissue plasminogen activator
1. Introduction
Intravenous thrombolysis (IVT) has been a mainstream therapy
for acute ischemic stroke (AIS) since the publication of National
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Institute of Neurological Disorders and Stroke (NINDS) rt-PA
stroke trial in 1995.[1] The utility and benefits of IVT are largely
limited by the narrow therapeutic time window in which the time
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delays in the stroke pathway due to health system factors are
main obstacles to IVT in clinical practice.[2] Various interventions
to reduce time delays in the stroke pathway were promoted to
improve IVT administration and the clinical outcome of AIS
patients. The TARGET: Stroke quality improvement initiative
showed that an improved timeliness of IVT following AIS was
associated with better functional and safety outcomes.[3]

However, it is important to implement practical and efficient
strategies to reduce time delays of IVT in each specific institute.
Optimal interventions for time delays (classified as prehospital,
in-hospital, and total time delays) remain unknown in the
absence of quantitative evidence. Here, we aim to compare the
efficacy of various interventions to reduce time delays through a
quantitative meta-analysis and conduct a comprehensive litera-
ture review of this topic.
2. Materials and methods

2.1. Inclusion/exclusion criteria

As most studies on this topic were observational, the Meta-
analysis Of Observational Studies in Epidemiology guidelines[4]

were followed. Systematic literature searches were independently
performed by 2 authors following the standard selection criteria.
Inclusion criteria were as follows: studies focused on reducing
time delays (prehospital, in-hospital, or total delay) of IVT in
cases of AIS; cohort study, case-controlled study, registry study,
or clinical randomized controlled trial published in English; and
completed data on pre- (control) and postintervention (experi-
mental) group. Exclusion criteria were as follows: case series or
report, review, or commentary paper; study reporting incomplete
data for mentioned subgroups or data unavailable even in
supplemental materials; and study using data published more
than once. At least 2 of the study authors agreed to include each
of the identified articles in the analysis.

2.2. Literature search

We searched the PubMed and Embase databases for articles
published between January 1, 1995, and September 30, 2017.
The following free or MeSH search terms were used: stroke,
ischemic, thrombolytic treatment, thombolysis, tissue plasmino-
gen activator, tPA, alteplase, prehospital, public awareness,
emergency medical service (EMS), in-hospital, door to needle
time, registry, initiative, organizational model, implementation,
and stroke pathway were used. We also manually searched the
reference lists and citations of included articles for further
articles. The detailed search process is reported in Supplemental
Figure 1, http://links.lww.com/MD/C300.
2.3. Data collection

Two authors (H.Q. and Z.J.) independently extracted data from
all included papers using a standardized data collection form. A
third consultation was made in cases of disagreement regarding
inclusion eligibility. Report characteristics (first and correspond-
ing authors, journal, and year of publication), study design (type,
location, and period), intervention classification (pre- and/or in-
hospital setting improvement), study sample and characteristics
[numbers of subjects, age, sex, baseline National Institutes of
Health Stroke Scale (NIHSS), IVT use rate, median onset to door
time (ODT), median door to needle time (DNT), median onset to
needle time (ONT), compliance rate of ODT (prehospital delay)
and DNT (in-hospital delay) in pre- (control) and postinterven-
2

tion (experimental) groups], functional outcomes [measured on
the modified Rankin Scale (mRS)], and safety outcomes
(mortality and symptomatic intracranial hemorrhage (SICH)]
were recorded. When reported, detailed information about the
interventions, other time indicators, and clinical endpoint
indicators were also recorded. Data of variables extracted from
included papers followed preset criteria or definitions. When
multiple papers drew on the same datasets, data were extracted
only once from the most comprehensive available report. If the
improvement interventions lasted for more than 1 time unit, the
data from the last time unit before the interventions and the first
time unit after the interventions were selected.
Stroke onset time was defined as the time when stroke symptoms

first occurredor the last timeknowntobenormal, door timeaswhen
the patient arrived at the emergency department of the hospital or
mobile stroke treatment unit (MSTU), and needle time as when the
administrationof thrombolytic agent started. Pre-hospital delaywas
defined as ODT, in-hospital delay as DNT, and total time delay
equal toODTplusDNT.[5]Theutilization rateof IVT (percentageof
patients treated with IVT in all AIS cases) was chosen as primary
outcome, while the compliance rates of ODT and DNT (the
percentage of IVT patients achieving a qualified timeliness, e.g.,
ODT < 180minutes and DNT < 60minutes) were recorded as
secondary outcomes. Clinical endpoint indicators such as favorable
functional outcome at 3 months (defined as mRS 0–2), mortality,
and SICH (defined as intracranial hemorrhage after IVT resulting in
measurable neurological deterioration, e.g., NIHSS increased to
≥1[1]) were also included in the secondary analysis. When the
preferred definitions for secondary outcomes and clinical endpoint
indicators were not available, the authors’ definitionswere adopted.

2.4. Data analysis

Statistical calculations were performed and graphics created using
RevMan 5.1 software (Review Manager (RevMan) [Computer
program]. Version 5.1. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration). When data were not
calculable in the software, descriptive analysis was used. The
Mantel–Haenszel method was implemented by the fixed- or
random-effects analysis models based on included study heteroge-
neity. The primary analysis was to compare the utilization rates of
IVT in the pre- (control) and postintervention (experimental)
groups. The secondary analysis involved detecting the differences
in ODT and DNT compliance rates and other clinical indicators
between the 2 groups. The numeration data resultswere calculated
as odds ratios (ORs) with 95% confidence intervals (CIs)
considering 2-tailed P values < .05 statistically significant.

3. Results

3.1. Study characteristics

A total of 86 papers (17 on prehospital delay, 56 on in-hospital
delay, and 13 on total delay) encompassing 17,665 IVT cases
were included in this analysis. All articles included were
published between 2003 and 2017, and the study period ranged
from 1996 and 2017. There were 28 studies from American
countries, 23 from Asian countries, 5 from Australia, and 30
from European countries, of which 8.1% (7/86) were random-
ized controlled studies and 44.2% (38/86) were conducted within
5 years. Features of the included papers are listed in Table 1. [6–90]

The moderate risk of bias and the standard errors for included
studies are depicted in the Supplemental Figures 2 to 8, http://
links.lww.com/MD/C300.
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3.2. Patient characteristics

A total of 17,665 IVT cases were enrolled in this review: 7491 in
the preintervention (control) group and 10,174 in the post-
intervention (experimental) group. The difference of sex
distribution of 5 studies, median age in 10 studies, and the
median NIHSS in 10 studies were statistically significant between
the 2 groups (Table 1). A statistically significant increase in
favorable functional outcomes was observed in 10 studies, while
a statistically significant decrease in mortality and the SICH rate
was noted in 1 and 2 studies, respectively.

3.3. Interventions to reduce prehospital delay

In the analysis for reducing prehospital delay, 15 studies offered
data of the use rate of IVT and 11 studies for the compliance rates
of ODT (ODT < 180minutes in 9 studies and < 120minutes in
other 2 studies). Using random-effect models, the meta-analysis
revealed statistically significant improvement in IVT delivery
after prehospital improving interventions, with the OR of 1.45
(95% CI, 1.23–1.71) for new transportation protocol, OR of
1.38 (95%CI, 1.11–1.73) for educational and training programs,
and OR of 1.83 (95% CI, 1.44–2.32) for comprehensive
prehospital stroke code, respectively. A significant increase in
IVT rate was also observed in 2 subgroups: OR of 1.83 (95% CI,
1. 62–2.06) in the educational campaign and training protocol
and OR of 1.49 (95% CI, 1.25–1.78) in the comprehensive
improvement in the prehospital stroke code protocol but not in
Study or Subgroup
1.1 Promoting IVT delivery with new transportation met
Hesselfeldt R 2014 
Joux J 2013
Reiner-Deitemyer V 2011 
Subtotal (95% CI) 
Total events 
Heterogeneity: Chi² = 2.14, df = 2 (P = 0.34); I² = 6%
Test for overall effect: Z = 4.48 (P < 0.00001)

1.2 Promoting IVT delivery with educational and trainin
Addo J 2012
Henry-Morrow TK2017
Lattimore SU 2005 
Müller-Nordhorn J 2009 
Nishijima H 2016
Sun XG 2013
Subtotal (95% CI) 
Total events 
Heterogeneity: Chi² = 21.29, df = 5 (P = 0.0007); I² = 77%
Test for overall effect: Z = 2.88 (P = 0.004)

1.3 Promoting IVT delivery with comprehensive pre-hos
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Camerlingo M 2014 
Chenkin J 2009
Prabhakaran S 2013
Quain DA 2008 
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Total events 
Heterogeneity: Chi² = 29.59, df = 5 (P < 0.0001); I² = 83%
Test for overall effect: Z = 4.93 (P < 0.00001)
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Figure 1. Post- versus pre-intervention in prim

5

the new transportation method (OR, 1.22; 95% CI, 0.99–1.50;
Fig. 1).

3.4. Interventions for reducing in-hospital delay

A total of 50 of the included studies focused on reducing in-
hospital delay: 17 in American countries (America and Canada),
16 in Asia, 14 in Europe, and 3 in Australia. Details of the
improving protocols were implemented via a telemedicine
(telestroke or telephone consultation) system in 7 studies, using
a pre-notification system alone by EMS in 4 studies, simply
adding stroke team staff (emergency room nurse, pharmacist, or
neurologist) in 4 studies, application of point-of-care laboratory
platform based stroke management in 1 study, initiation of a
comprehensive in-hospital organizational improvement program
(which may include pre-notification, telemedicine system, or
other above mentioned methods) in 29 studies.
Regarding IVT delivery, the benefits after interventions were

much larger in developed countries (western countries) than in
Asian countries with an OR of 2.90 (95% CI, 2.51–3.34) in
American countries, OR of 2.17 (95% CI, 1.95–2.41) in
European countries and Australia, and an OR of 1.89 (95%
CI, 1.74–2.04) in Asian countries (Fig. 2). Regarding detailed
methods of promoting IVT delivery, telemedicine (OR, 2.26;
95% CI, 2.08–2.46) seemed to work better than pre-notification
alone (OR, 1.94; 95% CI, 1.74–2.17) and organizational
improvement programs (OR, 2.10; 95% CI, 1.97–2.23)
hods

g programs

pital stroke code

M-H, Fixed, 95% CI
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ary outcomes of reducing prehospital delay.
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Figure 2. Post- versus pre-intervention in primary outcome of reducing in-hospital delay in different areas.
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(Fig. 3). In the analysis of secondary outcomes, the compliance
rates of DNT were improved to a greater degree in western
countries (OR, 6.21; 95% CI, 4.45–8.67 in European countries
and Australia and OR, 5.61; 95% CI, 4.41–7.13 in American
countries) than in Asian countries (OR, 3.10; 95% CI, 2.45–
3.92) (Fig. 4), while the pre-notification program served as a
better way of increasing the rate of DNT < 60minutes (OR,
14.44; 95%CI, 9.97–20.90) than the telemedicine protocol (OR,
6

6.19; 95% CI, 3.34–11.48) and the organizational improvement
program (OR, 4.15; 95% CI, 3.50–4.93) (Fig. 5).

3.5. Interventions for reducing total time delay

Interventions aiming at reducing total time delay of IVT included
using MSTU, and implementation of comprehensive improving
stroke pathway in both the pre-hospital and in-hospital settings.
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Figure 3. Post- versus pre-intervention in primary outcome of various methods for reducing in-hospital delay.
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For the 2 subgroups (Fig. 6), the rates of IVT were both
significantly increased after the application of MSTU or the
comprehensive improving stroke pathway, with the OR of 2.01
(95% CI: 1.60–2.51) and OR of 1.77 (95% CI: 1.55–2.03),
respectively.
7

4. Discussion
Various factors contributing to pre- and/or in-hospital delays for
IVT in AIS have been detected and solutions addressing these
factors proposed as our results showed. An optimal and
continuous gain in thrombolysis administration for AIS involved
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Figure 4. Post- versus pre-intervention in secondary outcome of reducing in-hospital delay in different areas.
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multifaceted interventions, including reorganization of in-hospi-
tal and prehospital systems, the application of new technologies
and facilities, and targeted training and educational programs. A
detailed analysis demonstrated that streamline workflow for
reducing in-hospital delays serves as the most efficient way to
deliver IVT, of which the telestroke programwas likely to bemost
successful and beneficial improving models.
The efficacy and safety of IVT with rt-PA in AIS is highly time-

dependent, and the narrow therapeutic time window and time
delays contributed to the most common of barriers of
generalization of this therapy.[91] A previous systematic review
by Evenson et al[5] observed that prehospital delay comprised the
majority of time delays and the median prehospital delay was in
the range of 3 to 6hours. However, only a few studies showing a
moderate effect on increasing the rate of IVT implemented
detailed interventions to reduce time delays in the prehospital
8

period, and the interventions included, for example, mass media
and public awareness campaigns, professional education pro-
grams, and streamlined ambulance protocols.[16,20,92–94] Noted
that the effect of comprehensive improving prehospital stroke
code (OR, 1.83) was better than new transportation method
(OR, 1.45) or educational program (OR, 1.38) alone (Fig. 7),
which implied that the efforts made in this area called for
multifaceted departments other than the hospital side alone and
the role of EMS in stroke symptom recognition, patient
transportation, and communication with hospital staff deserved
the most attention for reducing prehospital delay. However,
given the huge gap in the structures of EMS systems between
countries or even districts within a single country, experience
achieved in other places might not easily be copied. The cost-
effectiveness of prehospital educational programs and EMS
improvement remains to be demonstrated (which is mainly due to
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Figure 5. Post- versus pre-intervention in secondary outcome of various methods to reduce in-hospital delay.
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a larger number of emergency department visits for stroke
mimics[92] or alternative diagnoses other than stroke[82]), and the
positive effects could be decreased soon after the interven-
tions.[78,92]

Interventions to reduce in-hospital delays seemed to have made
much greater progress than the former mentioned above and
worked much better in developed areas (western countries) than
in Asian countries (Fig. 3). One of the reasons for this could have
been the initiative of national projects like the Safe Implementa-
tion of Thrombolysis in Stroke Monitoring Study),[95] the stroke
registry in Australia,[96] and Target: Stroke in America [3] enable
monitoring of therapeutic actions in IVT and teachmany hospital
staff how to improve their health care systems by reducing time
delays. AS the time consumed by noncritical tasks was saved (lean
principle), the median DTN could be made short to <20minutes
in 1 advanced European hospital.[42] Due to the detailed methods
of promoting IVT delivery, telemedicine seemed to work better
than pre-notification alone and organizational improvement
9

programs (Fig. 4). That is, the population benefits of IVT were
limited in rural areas and underdeveloped countries resulting
from the restricted availability of stroke expertise and excellent
medical resource, while the application of telemedicine could not
only spread the excellent experience but also promote IVT
use.[73,84,97] Previous studies have also demonstrated IVT
delivery in spoke hospitals through telestroke networks is as
effective and safe as that in hub institutions[98] and serves as a
cost-saving protocol for remote practitioners.[99] Therefore,
telestroke is a promising modern strategy to overcome the
practical limitations and extend existing progress of reducing in-
hospital delays.
Comprehensively improving stroke pathways that aim to

integrate and improve prehospital and in-hospital settings could
cover almost all aspects of acute stroke care. A significant increase
in IVT administration was noted in our analysis (Fig. 6) and
accompanied by a sustained increase in the likelihood of
favorable outcomes.[85] Improvements in EMS including the
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Figure 6. Post- versus pre-intervention in primary outcome of reducing total time delay.
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centralization of stroke care (as in MSTU ) and infrastruc-
ture advancement (such as pre-notification or consultation using
telemedicine technology platforms [43,87]) contributed the most to
reducing total delays and tackling the problem of IVT under-
treatment (Fig. 6). In a word, smooth coordination and timely
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Figure 7. Post- versus pre-intervention in secon
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communication between departments or disciplines (such as EMS
staff, health authorities, and stroke physicians) are the
intersections at which stroke can be managed most effectively.
Study limitations include the following. Use of the IVT rate as a

performance measure to compare between centers and ethnic
 methods

ning programs

ive stroke code
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dary outcomes of reducing prehospital delay.



[8] Quain DA, Parsons MW, Loudfoot AR, et al. Improving access to acute
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groups can be confounding because it is subject to selection and
referral bias. For example, in developed countries (e.g., the United
States), advanced medical resources could be available and more
patients with AIS would be administrated rt-PA; thus, the
progress from organizational and technological reforms could be
more difficult to achieve than those in developing countries or
underserved regions. However, IVT with rt-PA has long been a
worldwide mainstream treatment of AIS since the publication of
the NINDS results 22 years prior, which has made the process
more normalized and generalized even without large gaps among
countries.

5. Conclusion

Optimization in the work flow with organizational improvement
or novel technology (e.g., MSTU) could dramatically reduce pre-
and in-hospital time delays of IVT in AIS. Our study provided
detail information on the net and quantitative benefits of various
programs for promoting the delivery and reducing time delays of
IVT, which could help the generalization of appropriate AIS
management programs.
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