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Abstract Background The treatment of acute ischemic stroke with cerebral reperfusion
therapy requires rapid care and recognition of symptoms.
Objective To analyze the effectiveness of implementing protocols for acute ischemic
stroke in reducing care time.
Methods Systematic review, which was performed with primary studies in Portu-
guese, English, and Spanish published between 2011 and 2020. Inclusion criteria: study
population should comprise people with acute ischemic stroke and studies should
present results on the effectiveness of using urgent care protocols in reducing care
time. The bibliographic search was conducted in June 2020 in the LILACS, MEDLINE,
Embase, Scopus, CINAHL, Academic Search Premier, and SocINDEX databases. The
articles were selected, and data were extracted by two independent reviewers; the
synthesis of the results was performed narratively. The methodological quality of
articles was evaluated through specific instruments proposed by the Joanna Briggs
Institute.
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INTRODUCTION

Epidemiological data on stroke worldwide are extremely
important to outline strategies for preventing and managing
the disease, incisively impacting political decisions. It is
known that approximately 80% of strokes are ischemic and
that the burden of the disease goes beyond mortality, since
approximately 50% of survivors tend to present some dis-
ability or chronic incapacity.1 Global data from 2019 showed
that ischemic strokes occurred in 77.2 million people and
caused 3.3 million deaths worldwide.2 The vast majority of
these deaths occurred in countries with medium and low-
income per capita, and a 42% decrease in deaths from the
disease was observed in high-income countries throughout
the last decade.1,3

The treatment of acute ischemic stroke with cerebral
reperfusion therapy (intravenous thrombolysis andmechan-
ical thrombectomy) requires rapid neuroimaging tests such
as cranial computed tomography (CT) ormagnetic resonance
imaging (MRI) of the brain. Thus, all international guidelines
for managing patients with acute stroke recommend devel-
oping institutional care protocols for early diagnosis and
treatment initiation.4,5 The speed in treatment initiation for
patients with acute ischemic stroke is essential,6 since
thrombolysis within 4.5 hours and mechanical thrombec-
tomy within 24hours after symptoms onset improves func-
tional outcomes.7

In addition to reperfusion therapy, other resources and
strategies comprise the approach to stroke, namely:
prevention of deep venous thrombosis and aspiration,

Results A total of 11,226 publications were found, of which 35 were included in the
study. Only one study reported improvement in the symptoms-onset-to-door time
after protocol implementation. The effectiveness of the therapeutic approach proto-
cols for ischemic stroke was identified in improving door-to-image, image-to-needle,
door-to-needle and symptoms-onset-to-needle times. The main limitation found in the
articles concerned the lack of clarity in relation to the study population.
Conclusions Several advances have been identified in in-hospital care with protocol
implementation; however, it is necessary to improve the recognition time of stroke
symptoms among those who have the first contact with the person affected by the
stroke and among the professionals involved with the prehospital care.

Resumo Antecedentes O tratamento do acidente vascular cerebral (AVC) isquêmico com
terapia de reperfusão requer rápido atendimento e reconhecimento dos sintomas.
Objetivo Analisar a efetividade da implementação de protocolos para AVC isquêmico
agudo na redução do tempo de atendimento.
Métodos Revisão sistemática realizada com estudos primários em português, inglês
e espanhol publicados entre 2011 e 2020. Critérios de inclusão: a população do estudo
foi constituída por pessoas com AVC isquêmico agudo e estudos que apresentassem
resultados sobre a efetividade da implantação de protocolos no tempo de atendi-
mento. A pesquisa bibliográfica foi realizada em junho de 2020 nas bases de dados
LILACS, MEDLINE, Embase, Scopus, CINAHL, Academic Search Premier e SocINDEX. A
seleção dos artigos e a extração dos dados foram feitas por dois revisores indepen-
dentes; a síntese dos resultados foi feita de forma narrativa. A qualidade metodológica
dos artigos foi avaliada por meio de instrumentos do Joanna Briggs Institute.
Resultados Foram encontradas 11.226 publicações, das quais 35 foram incluídas no
estudo. Apenas um estudo relatou melhora no tempo início dos sintomas-porta após a
implementação do protocolo, no entanto, foi efetiva na melhora dos tempos porta-
imagem, imagem-agulha, porta-agulha e início dos sintomas-agulha. A principal
limitação encontrada nos artigos diz respeito à falta de clareza quanto à população
de estudo.
Conclusões Vários avanços foram identificados no atendimento intra-hospitalar com
implantação de protocolo; porém, é necessário melhorar o tempo de reconhecimento
dos sintomas do AVC entre aqueles que têm o primeiro contato com a pessoa
acometida e entre os profissionais envolvidos com o atendimento pré-hospitalar.
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early mobilization, treatment of seizures, as well as
maintaining good glycemic index levels and the need
for secondary prevention, which mainly encompasses
the use of platelet aggregation inhibitors and oral anti-
coagulants etc.4

In view of the above, acute stroke management is broad
and complex, since it requires the combination and coordi-
nation of interventions based on implementing guidelines
for changes in habits, and for intra- and extra-hospital care.
These are necessary to heal, rehabilitate, and provide better
quality of life for the affected cases, increasing the country’s
capacity to cope with strokes. Therefore, this study aims to
analyze the knowledge produced about the effectiveness of
urgent care protocols for acute ischemic stroke in reducing
care times.

METHODS

This is a systematic review, which was conducted in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).8 The steps followed
in this review were: elaboration of the questionwith the use
of acronyms; study protocol elaboration; search in data-
bases; selection of studies through inclusion and exclusion
criteria; data extraction; narrative synthesis of data; and
evaluation of methodological quality.

The Population, Intervention, Comparison, and Outcome
(PICO) strategy was used to elaborate the research question,
according to the description of the Joanna Briggs Institute
(2020).9 Thus, the study question is: What is the effective-
ness of urgent care protocols for acute ischemic stroke in
reducing care times? In which: P (population) comprises the
patients with acute ischemic stroke; I (intervention), are the
urgent care protocols; C (comparison), is the before and after
protocol implementation; and O (outcome), is the reduction
in care times.

The inclusion criteria for scientific productions were:
studies in Portuguese, English, and Spanish; articles with
study populations consisting of people who had acute ische-
mic stroke; and articles which addressed studying the effec-
tiveness of implementing stroke protocols on care times.
Articles that did not mention the care time in mean or
median and did not present a statistical comparison between
the period before and after protocol implementation were
excluded. Duplicate articles, technical productions (manuals,
protocols), letter to the editor/opinion, research protocols,
and secondary studies were also excluded.

The bibliographic search was conducted in June 2020 in
the following databases: Embase, Scopus, MEDLINE
(accessed by PubMed), and Latin American and Caribbean
Health Sciences Literature (accessed by the Regional Portal of
the Virtual Health Library). Finally, the searches performed
in the Cumulative Index to Nursing and Allied Health Litera-
ture (CINAHL), Academic Search Premier, and SocINDEX
databases were simultaneously performed through the
EBSCO host platform, accessed by the CAPES Periódicos
website. This platform automatically deletes duplicates
found in these databases.

Vocabularies in Portuguese, English, and Spanish were
used in LILACS searches, while only vocabularies in
English were used for searches in other databases. The
controlled and free vocabularies in searching for the studies
included the terms: stroke and acute or urgent and protocol.
The specific search strategies for each database were limited
to articles published after 2011 and are presented in the
Supplementary material (available online).

After the bibliographic search in the databases, the results
were exported to the Rayyan Intelligent Systematic Reviewof
the Qatar Computing Research Institute (2016),10 which
enabled eliminating duplicates and selecting publications
by two independent reviewers. The selection was initially
made by reading the title and abstract of the articles, and a
third reviewer was consulted when there was disagreement
between the reviewers’ decision. Then, the materials
were read in full, and if they were relevant to the review,
data were extracted using a specific instrument adapted
from Ursi (2005),11 which included the following items:
title of the article, journal name, authors, study location,
language and year of publication, objective, study type,
population/sample, variables, study duration, statistical
analysis, and main results. This last item was used in the
narrative data synthesis.

The methodological quality of the articles was evaluated
through the use of specific instruments proposed by the
Joanna Briggs Institute (JBI).9 In this case, we used the
instrument that evaluates cohort studies (which predicts
11 items), and another that evaluates cross-sectional studies
(which predicts 8 items), making it possible to indicate the
number of items adequately addressed in the studies, accord-
ing to the number of items predicted by the instruments. The
methodological quality evaluation was not used as a criteri-
on to exclude the studies.

RESULTS

A total of 11,226 publications were retrieved from the data-
bases in the bibliographic search, with 5,218 being excluded
due to duplication. Then, after reading the titles and abstracts
of 6,008 publications, 5,741were excluded. Thus, 267 selected
materialswere considered eligible for full reading, fromwhich
35 were included in the study (►Figure 1).

Out of 35 articles included in this review, 34 (97.1%)12–45

werepublished in English andone (2.9%)46 in both English and
Spanish. Regarding the origin of the selected studies, 15
(42.9%) studies were performed in the
Americas,13,17,18,21,22,24,26,30,31,37–40,44,45 10 (28.6%) in
Europe,14,15,20,23,27,29,32,34,35,46 7 (20.0%) in
Asia,12,19,25,28,33,36,43 and 3 (8.6%) in Oceania.16,41,42 From
the included articles, 15 (42.9%)were performed in the United
States of America,13,17,18,21,22,24,26,30,31,37–40,44,45 4 (11.4%) in
China,12,25,36,43 3 (8.6%) in Australia,16,41,42 2 (5.7%) in
Japan,19,33 2 (5.7%) in the Netherlands,23,34 2 (5.7%) in
Norway,14,35 and 7 (20.0%) in varying countries15,20,27–29,32,46

(►Table 1).
The objectives and other characteristics of scientific pro-

duction regarding the systematic reviewon the effectiveness
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of the use of protocols in the therapeutic approach to acute
ischemic stroke are presented in ►Table 1. A description of
the main results of the articles included in the narrative
literature review on the effectiveness of the urgent care
protocols for acute ischemic stroke in reducing care times
is presented in ►Table 2.

Only 1 study38 reported improvement in the symptoms’
onset-to-door time after protocol implementation, out of 14
studies14,16,23,27,30,36–43,46 that approached this outcome. All
(19) studies13,16,23–25,27,28,30–32,36,38–44,46 that addressed
door-to-image time reported improving it. Image-to-needle
time improved in 10 studies15,16,19,23,25,26,30,36,41,46 out of
1115,16,19,23,25,26,30,32,36,41,46 that assessed it. Door-to-needle
time improved in 29 studies12,13,15–18,20,22–30,32,34–43,45,46out
of 32 studies12,13,15–18,20–43,45,46 that addressed it. Finally,
1212,21,23,24,29,36–40,42,46 out of 19
studies12,17,21,23–26,29,32,33,35–42,46 reported improvement in
the symptoms-onset-to-needle time (►Table 2).

The main limitation found in the articles regarding the
assessment of methodological quality concerned the lack of
clarity in relation to the study
population,16,19,21–23,26,28,35–37,39–41,43 and a possible unre-
liable measurement of exposures and outcomes, since some
studies collected data from secondary
sources.13,16,17,19,20,24,26–29,31,34,38,40,41 Additionally, the
articles compared twomoments (before and after the implan-
tation of the protocol)without the studyof cause and effect, so

the questions of the instrument related to identification of
confounding variables and strategies to minimize follow-up
losses did not apply to evaluating the articles included in the
review (►Supplementary Material, available online).

DISCUSSION

The response time when facing a suspected stroke case was
widely addressed in the studies included in this review, being
an indicator of the effectiveness of implementing the pro-
tocols and of reorganizing services for treating acute ische-
mic stroke cases. Thus, the response time was stratified into
several segments composing a list of indicators, namely:
symptoms onset-to-door time, door-to-image time; image-
to-needle time; door-to-needle time; and symptoms-onset-
to-needle time. In addition to the indicators mentioned
above, which were approached in this discussion, it is worth
mentioning the existence of other time indicators that were
contemplated in articles, but not mentioned in this review.

The symptoms onset-to-door time measures the time
elapsed between the onset of symptoms and the patient’s
arrival at the referral hospital. Only 1 article38 mentioned the
reduction of this time after implementing the stroke protocol,
revealing the importance of awareness programs directed to
lay people47,48 and pre-hospital care professionals47,49–51 to
shorten this time. These programs can be provided through
campaigns in accordancewith community health services and
other social sectors. Thus, the effectiveness of implementing
protocols when training people to recognize stroke signs is
necessary and can lead to an increase in the proportion of
suspected cases identified47,49 and referred to the reference
service within the therapeutic time window.

The time between the patient’s hospital arrival until the
imaging exam (CT or MRI), called door-to-image time,
decreased with protocol implementation in all studies
that assessed it. It seems that this time was lower in
patients who arrived with suspected stroke16,40,51–53 and
in those who arrived at hospitals which had the guideline to
immediately direct them to the examination instead of
referring it to another department of the hospital,32,54 or
for another exam.52 Thus, the local health system first needs
to have a reference hospital for the care of stroke cases,
which has to be warned in advance about the patient’s
arrival and organize for the direct referral of cases to an
imaging exam. To succeed, hospitals have to train the
administrative team of hospitals to reduce the time in
performing the bureaucracies involved in the admission
process of patients.

The image-to-needle time, which corresponds to the time
between the imaging exam performance and puncture for
thrombolysis or thrombectomy, showed a decrease in 90.9%
of the studies that addressed it. It is worth emphasizing the
importance of the presence of a neurologist for the exam
evaluation, either in person or remotely through telemedi-
cine in places where the reference hospital for the care of
stroke cases is already defined, as well as a qualified nursing
team, inputs and medicines for the rapid institution of
treatment, which must be initiated in the exam room.

Figure 1 Flowchart of the number of publications analyzed at each
stage of the systematic review; regarding the effectiveness of the
urgent care protocols for acute ischemic stroke in reducing care
times, Ribeirão Preto, São Paulo, Brazil, 2020. Source: Adapted from
Moher et al. (2009).8

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al.728



Ta
b
le

1
D
es
cr
ip
ti
on

of
th
e
ar
ti
cl
es

in
cl
ud

ed
in

th
e
na

rr
at
iv
e
lit
er
at
ur
e
re
vi
ew

on
th
e
ef
fe
ct
iv
en

es
s
of

th
e
ur
g
en

t
ca
re

pr
ot
oc

ol
s
fo
r
ac
ut
e
is
ch

em
ic

st
ro
ke

in
re
du

ci
ng

ca
re

ti
m
es

A
ut
h
or
s/
Jo
u
rn
al
/Y
ea

r/
C
o
un

tr
y

St
u
d
y
d
es
ig
n�

O
b
je
ct
iv
e(
s)

Po
pu

la
ti
on

(n
)

Ye
et

al
.1
2 /
St
ro
ke

V
as
c
N
eu

ro
l/
20

19
/

C
hi
na

Be
fo
re
-a
ft
er

co
ho

rt
Ev
al
ua

te
th
e
ef
fe
ct
iv
en

es
s
of

th
e

Sh
en

zh
en

st
ro
ke

em
er
g
en

cy
m
ap

to
op

ti
m
iz
e
ac
ce

ss
to

th
ro
m
bo

ly
si
s
fo
r

pa
ti
en

ts
w
it
h
ac

ut
e
is
ch

em
ic
st
ro
ke

.

6,
84

3
pa

ti
en

ts
be

fo
re

an
d
8,
26

8
af
te
r;
56

8
ha

d
th
ro
m
bo

ly
si
s
be

fo
re

an
d
80

2
af
te
r

M
ad

ho
k
et

al
.1
3 /
JS

tr
ok

e
C
er
eb

ro
-

va
sc

D
is
/2
01

9/
U
SA

Re
tr
os
pe

ct
iv
e
cr
os

s-
se
ct
io
na

l
To

as
se
ss

w
he

th
er

th
e
im

pl
an

te
d

pr
ot
oc

ol
fo
r
pr
eh

os
pi
ta
la

nd
em

er
-

ge
nc

y
ca
re

in
cr
ea

se
s
th
e
pe

rc
en

t-
ag

e
of

pa
ti
en

ts
tr
ea

te
d
w
it
h

th
ro
m
b
ol
ys
is
in

a
do

or
-t
o-
ne

ed
le

ti
m
e
of

up
to

45
m
in
ut
es
.

11
2
pa

ti
en

ts
be

fo
re

an
d
23

6
af
te
r;
45

pa
ti
en

ts
un

de
rw

en
t
th
ro
m
bo

ly
si
s
be

fo
re

an
d
50

af
te
r.

A
jm

ie
t
al
.1
4 /
BM

J
Q
ua

lS
af
/2
01

9/
N
o
rw

ay
C
oh

or
t

To
de

sc
ri
b
e
qu

al
it
y
im

p
ro
ve

m
en

t
pr
oj
ec

t
w
it
h
th
e
ob

je
ct
iv
e
of

re
du

c-
in
g
do

o
r-
to
-n
ee

dl
e
ti
m
e
an

d
im

-
pr
ov

in
g
pa

ti
en

t
re
su

lt
s.

44
6
pa

ti
en

ts
be

fo
re

an
d
20

4
af
te
r

V
an

ho
uc

ke
et

al
.1
5 /
A
ct
a
C
lin

Be
lg
/

20
19

/B
el
gi
um

Be
fo
re
-a
ft
er

co
ho

rt
To

ev
al
ua

te
th
e
im

pa
ct

of
a
st
ro
ke

co
de

pr
ot
oc

ol
on

th
e
do

or
-t
o-
ne

ed
le

ti
m
e
fo
r
th
e
us

e
of

th
ro
m
bo

ly
si
s.

11
0
pa

ti
en

ts
be

fo
re

an
d
71

af
te
r

Si
ls
by

et
al
.1
6 /
In
te
rn

M
ed

J/
20

19
/

A
us

tr
al
ia

Re
tr
os
pe

ct
iv
e

To
as
se
ss

w
he

th
er

si
m
pl
e
an

d
co

st
-

fr
ee

ch
an

g
es

of
a
pr
ot
oc

ol
co

ul
d

im
pr
ov

e
tr
ea

tm
en

t
ti
m
e
fo
r
ac
ut
e

is
ch

em
ic

st
ro
ke

ca
se
s
in

a
te
rt
ia
ry

ho
sp
it
al
.

14
3
pa

ti
en

ts
be

fo
re

an
d
13

4
af
te
r;
30

re
ce

iv
ed

th
ro
m
bo

ly
si
s
be

fo
re

an
d
14

af
te
r

Ka
ns

ag
ra

et
al
.1
7 /
C
lin

N
eu

ro
lN

eu
-

ro
su
rg
/2
01

8/
U
SA

Re
tr
os
pe

ct
iv
e

To
ev

al
ua

te
im

p
ro
ve

m
en

ts
in

th
e

pr
et
hr
om

be
ct
om

y
pr
o
ce

ss
in

a
m
ul
ti
ho

sp
it
al

ne
tw

or
k
an

d
re
po

rt
th
e
pu

nc
tu
re

ti
m
e
in

pa
ti
en

ts
un

-
de

rg
oi
ng

m
ec

ha
ni
ca
l

th
ro
m
b
ec

to
m
y.

10
4
pa

ti
en

ts
un

de
rw

en
t
th
ro
m
bo

ly
si
s
/7
8
un

-
de

rw
en

t
th
ro
m
be

ct
om

y�
�

N
g
uy

en
-H
uy

nh
et

al
.1
8 /
St
ro
ke

/
20

18
/U

SA
Be

fo
re
-a
ft
er

co
ho

rt
To

pr
es
en

t
th
e
re
su
lt
s
of

th
e
Ka

is
er

Pe
rm

an
en

te
N
o
rt
he

rn
C
al
ifo

rn
ia

st
ro
ke

pr
ot
oc

ol
,w

hi
ch

co
m
bi
ne

s
th
e
m
o
di
fi
ed

H
el
si
nk

ip
ro
to
co

la
nd

te
le
m
ed

ic
in
e,

ac
co

rd
in
g
to

th
e

do
or
-t
o-
ne

ed
le

ti
m
e,

us
e
of

th
ro
m
-

bo
ly
si
s
an

d
sy
m
pt
om

at
ic

in
tr
ac
ra
-

ni
al

he
m
or
rh
ag

e
ra
te
s.

31
0
pa

ti
en

ts
be

fo
re

an
d
55

7
af
te
r

Ko
g
e
et

al
.1
9 /

JN
eu

ro
lS

ci
/
20

17
/

Ja
pa

n
Re

tr
os
pe

ct
iv
e

To
as
se
ss

th
e
ef
fe
ct
iv
en

es
s
an

d
sa
fe
ty

of
ou

r
st
an

da
rd
iz
ed

pr
ot
oc

ol
fo
r
in
tr
ah

os
pi
ta
ls
tr
ok

e

25
pa

ti
en

ts
be

fo
re

an
d
30

af
te
r

(C
on

tin
ue

d)

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al. 729



Ta
b
le

1
(C
on

tin
ue

d)

A
ut
h
or
s/
Jo
u
rn
al
/Y
ea

r/
C
o
un

tr
y

St
u
d
y
d
es
ig
n�

O
b
je
ct
iv
e(
s)

Po
pu

la
ti
on

(n
)

Ps
yc
ho

gi
os

et
al
.2
0 /

St
ro
ke

/
20

17
/

G
er
m
an

y
Re

tr
os
pe

ct
iv
e
ob

se
rv
at
io
na

l
To

de
te
rm

in
e
w
he

th
er

ce
nt
ra
liz
ed

tr
ea

tm
en

t
ca
n
re
du

ce
in
tr
ah

os
pi
ta
l

tr
ea

tm
en

t
ti
m
es

fo
r
pa

ti
en

ts
w
it
h

ac
ut
e
oc

cl
us

io
n
of

la
rg
e
ve

ss
el
s.

44
pa

ti
en

ts
��

Ka
ln
in
s
et

al
.2
1 /

R
ad

io
gr
ap

hi
cs
/

20
17

/
U
SA

C
oh

or
t

To
de

cr
ea

se
st
ro
ke

co
de

ti
m
e
to

C
T

fo
r
pa

ti
en

ts
w
it
h
no

n-
pr
en

ot
ifi
ed

st
ro
ke

co
de

fr
om

a
re
fe
re
nc

e
m
ea

n
of

20
m
in
ut
es

to
15

m
in
ut
es

or
le
ss
.

10
7
pa

ti
en

ts
be

fo
re

an
d
29

8
af
te
r

C
ap

ut
o
et

al
.2
2 /

N
eu

ro
ho

sp
it
al
is
t/

20
17

/
U
SA

Pr
o
sp

ec
ti
ve

co
ho

rt
To

de
sc
ri
b
e
th
e
pr
o
ce

ss
of

de
ve

lo
p-

in
g
an

d
im

pl
em

en
ti
ng

a
pr
ot
oc

ol
an

d
co

m
pa

ri
ng

th
e
do

o
r-
to
-n
ee

d
le

ti
m
es

an
d
ra
te
s
of

sy
m
pt
om

at
ic

in
-

tr
ac

ra
ni
al

he
m
or
rh
ag

e
be

fo
re

an
d

af
te
r
th
e
im

pl
em

en
ta
ti
on

of
th
e

pr
ot
oc

ol
.

29
5
pa

ti
en

ts
��

Zi
nk

st
ok

et
al
.2
3 /

PL
oS

O
ne

/
20

16
/

N
et
he

rl
an

d
s

Be
fo
re
-a
ft
er

co
ho

rt
To

re
du

ce
th
e
do

o
r-
to
-n
ee

d
le

ti
m
e

to
30

m
in
ut
es

or
le
ss

w
it
h
th
e
op

ti
-

m
iz
at
io
n
of

in
tr
ah

os
pi
ta
ls
tr
o
ke

tr
ea

tm
en

t.

37
3
pa

ti
en

ts
��

Bu
sb
y
et

al
.2
4 /

JN
eu

ro
in
te
rv

Su
rg
/

20
16

/
U
SA

Re
tr
os
pe

ct
iv
e

To
in
it
ia
te

a
qu

al
it
y
im

pr
ov

em
en

t
pr
oj
ec

t
ca
lle

d
C
O
D
E
FA

ST
to

re
du

ce
th
e
do

or
-t
o-
ne

ed
le

ti
m
e
in

th
e

in
st
it
ut
io
n.

41
pa

ti
en

ts
be

fo
re

an
d
52

af
te
r

Li
an

g
et

al
.2
5 /

A
us
tr
al
as
ia
n
Ph

ys
ic
al

an
d
En

g
in
ee

ri
ng

Sc
ie
nc

es
in

M
ed

i-
ci
ne

/
20

16
/
C
hi
na

Pr
o
sp

ec
ti
ve

To
de

te
rm

in
e
w
he

th
er

th
e
ap

pl
ic
a-

ti
on

of
le
an

pr
in
ci
pl
es

fo
r
fl
ow

op
-

ti
m
iz
at
io
n
co

ul
d
ac
ce
le
ra
te

th
e
st
ar
t

of
th
ro
m
bo

ly
si
s.

13
pa

ti
en

ts
be

fo
re

an
d
20

af
te
r

M
o
ra
n
et

al
.2
6 /

Jo
ur
na

lo
fS

tr
o
ke

an
d

C
er
eb

ro
va
sc
ul
ar

D
is
ea

se
s/

20
16

/
U
SA

Re
tr
os
pe

ct
iv
e
C
oh

o
rt

To
as
se
ss

th
e
im

pa
ct

of
th
e
pr
ov

i-
si
o
n
of

ne
ur
oc

ri
ti
ca
ln

ur
si
ng

ca
re

24
ho

ur
s
a
da

y,
7
da

ys
a
w
ee

k,
ac
co

rd
in
g
to

th
e
fi
rs
ta

id
co

ve
ra
ge

in
th
e
“s
tr
o
ke

co
de

”
on

de
la
ys

in
th
e

tr
ea

tm
en

t
of

pa
ti
en

ts
w
it
h
ac

ut
e

st
ro
ke

w
ho

re
ce

iv
ed

th
ro
m
bo

ly
si
s.

44
pa

ti
en

ts
be

fo
re

an
d
12

2
af
te
r

M
ar
to

et
al
.2
7 /

JS
tr
o
ke

C
er
eb

ro
va
sc

D
is
/
20

16
/
Po

rt
ug

al
Re

tr
os
pe

ct
iv
e

To
ev

al
ua

te
th
e
ef
fe
ct

of
im

pl
e-

m
en

ti
ng

a
re
gr
es
si
ve

ti
m
er

in
th
e

ac
ut
e
st
ro
ke

em
er
g
en

cy
ro
om

,
in

th
e
do

or
-t
o-
C
T
an

d
do

or
-t
o-
ne

ed
le

ti
m
es
.

30
pa

ti
en

ts
be

fo
re

an
d
41

af
te
r

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al.730



Ta
b
le

1
(C
on

tin
ue

d)

A
ut
h
or
s/
Jo
u
rn
al
/Y
ea

r/
C
o
un

tr
y

St
u
d
y
d
es
ig
n�

O
b
je
ct
iv
e(
s)

Po
pu

la
ti
on

(n
)

Ib
ra
hi
m

et
al
.2
8 /

JS
tr
ok

e
C
er
eb

ro
-

va
sc

D
is
/
20

16
/
Q
at
ar

Re
tr
os
pe

ct
iv
e

To
as
se
ss

th
e
ef
fe
ct

of
th
e
ac

ut
e

th
ro
m
b
ol
ys
is
pr
ot
oc

ol
on

“d
oo

r-
to
-

ne
ed

le
ti
m
e”

an
d
on

th
e
pr
o
gn

o
si
s

of
ac
ut
e
st
ro
ke

ca
se
s.

10
2
pa

ti
en

ts
be

fo
re

an
d
10

2
af
te
r

H
ei
kk

ilä
et

al
.2
9 /

Sc
an

d
JT

ra
um

a
Re

su
sc

Em
er
g
M
ed

/
20

16
/
Fi
nl
an

d
Re

tr
os
pe

ct
iv
e

To
de

sc
ri
b
e
a
ne

w
pr
ot
oc

ol
fo
r

pa
ti
en

ts
w
it
h
ac

ut
e
is
ch

em
ic

st
ro
ke

an
d
th
ro
m
bo

ly
si
s
ad

m
in
is
te
re
d
by

em
er
g
en

cy
ph

ys
ic
ia
ns

in
th
e
Em

er
-

ge
nc

y
D
ep

ar
tm

en
t
–
th
e
so

-c
al
le
d

H
äm

ee
nl
in
na

m
od

el
an

d
pr
es
en

t
pr
el
im

in
ar
y
re
su

lt
s
re
ga

rd
in
g
th
e

do
or
-t
o-
ne

ed
le

an
d
tr
ea

tm
en

t
in
it
i-

at
io
n
ti
m
es
.

31
pa

ti
en

ts
be

fo
re

an
d
33

af
te
r

R
ai

et
al
.3
0 /

JN
eu

ro
in
te
rv

Su
rg
/

20
16

/
U
SA

Pr
o
sp

ec
ti
ve

To
pr
es
en

t
th
e
re
su
lt
s
of

a
qu

al
it
y

im
pr
ov

em
en

t
pr
oc

es
s
ai
m
ed

at
re
-

du
ci
ng

st
ro
ke

tr
ea

tm
en

t
ti
m
e
in

a
te
rt
ia
ry

ac
ad

em
ic

m
ed

ic
al

ce
nt
er
.

64
pa

ti
en

ts
be

fo
re

an
d
30

af
te
r

Zu
ck
er
m
an

et
al
.3
1 /

Su
rg

N
eu

ro
lI
nt
/

20
16

/
U
SA

Re
tr
os
pe

ct
iv
e

To
de

sc
ri
b
e
th
e
pr
o
ce

ss
of

im
pl
e-

m
en

ti
ng

a
ne

w
st
ro
ke

al
go

ri
th
m
,

co
m
pa

re
th
e
pr
e-

an
d
po

st
al
go

r-
it
hm

qu
al
it
y
im

pr
ov

em
en

t
m
et
ri
cs
,

sp
ec

ifi
ca
lly

do
or
-t
o-
C
T,

do
or
-t
o-

ne
ur
ol
og

is
t,
an

d
do

or
-t
o-
ne

ed
le

ti
m
es
.

N
ot

de
sc
ri
b
ed

��

Ke
nd

al
le
t
al
.3
2 /

Em
er
g
M
ed

J/
20

15
/

En
gl
an

d
Be

fo
re
-a
ft
er

To
de

sc
ri
b
e
ho

w
th
e
St
ro
ke

90
pr
oj
ec

t
w
as

co
nfi

gu
re
d
an

d
w
ha

t
in
te
rv
en

ti
o
ns

w
er
e
im

pl
em

en
te
d,

re
po

rt
th
e
re
su

lt
s
an

d
di
sc
us

s
le
s-

so
ns

le
ar
ne

d
fr
o
m

it
.

13
6
pa

ti
en

ts
be

fo
re

an
d
21

5
af
te
r

A
ts
um

ie
ta

l.3
3 /

JS
tr
ok

e
C
er
eb

ro
va
sc

D
is
/
20

15
/
Ja
p
an

Pr
o
sp

ec
ti
ve

To
in
ve

st
ig
at
e
w
he

th
er

pr
eh

os
pi
ta
l

an
d
ho

sp
it
al

th
ro
m
bo

ly
si
s
in
di
ca
-

to
rs

im
pr
ov

ed
af
te
r
us

in
g
a
si
ng

le
pr
eh

os
pi
ta
ls
ca
le

in
a
m
un

ic
ip
al

tr
an

sp
or
t
pr
ot
oc

ol
,a

nd
ex

am
in
e

w
he

th
er

a
de

le
te
ri
ou

s
ef
fe
ct

of
ad

-
m
is
si
on

on
w
ee

ke
nd

s
w
as

ob
se
rv
ed

.

2,
04

9
pa

ti
en

ts
��

(C
on

tin
ue

d)

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al. 731



Ta
b
le

1
(C
on

tin
ue

d)

A
ut
h
or
s/
Jo
u
rn
al
/Y
ea

r/
C
o
un

tr
y

St
u
d
y
d
es
ig
n�

O
b
je
ct
iv
e(
s)

Po
pu

la
ti
on

(n
)

V
an

Sc
ha

ik
et

al
.3
4 /

JS
tr
o
ke

C
er
e-

br
ov

as
c
D
is
/
20

14
/
N
et
he

rl
an

ds
Be

fo
re
-a
ft
er

To
re
du

ce
th
e
de

la
y
in

in
tr
ah

o
sp
it
al

tr
ea

tm
en

t
of

pa
ti
en

ts
w
it
h
ac

ut
e

is
ch

em
ic

st
ro
ke

th
ro
ug

h
th
e
im

pl
e-

m
en

ta
ti
on

of
a
st
an

da
rd

op
er
at
in
g

pr
oc

ed
ur
e
an

d
th
e
cr
ea

ti
on

of
a

gr
ea

te
r
an

d
su
st
ai
ne

d
aw

ar
en

es
s
of

th
e
im

po
rt
an

ce
of

th
is
ti
m
e-
or
ie
nt
-

ed
pr
ot
oc

ol
am

on
g
al
lh

ea
lt
h
pr
o
-

fe
ss
io
na

ls
in
vo

lv
ed

in
th
e
pr
o
ce

ss
.

41
pa

ti
en

ts
be

fo
re

an
d
18

5
af
te
r

A
d
va
ni

et
al
.3
5 /

C
er
eb

ro
va
sc

D
is
Ex
-

tr
a/

20
14

/
N
or
w
ay

Re
tr
os
pe

ct
iv
e

To
re
tr
os
pe

ct
iv
el
y
ev
al
ua

te
th
e
im

-
po

rt
an

ce
of

st
re
am

lin
in
g
th
e
tr
ea
t-

m
en

t
ch

ai
n
fo
r
pa

tie
nt
s
w
ith

ac
ut
e

is
ch

em
ic
st
ro
ke
,r
ev
ie
w
in
g
an

d
im

-
pr
ov

in
g
th
e
pr
e-

an
d
in
tr
ah

os
pi
ta
l

ro
ut
in
es

ar
ou

nd
th
e
tr
ea
tm

en
t
of

th
es
e
pa

ti
en

ts
in

th
e
pr
oc

ed
ur
e
in

re
la
tio

n
to

th
e
nu

m
be

r
of

pa
tie

nt
s

tr
ea
te
d
w
ith

th
ro
m
bo

ly
si
s.

Th
e
se
co

nd
ar
y
ob

je
ct
iv
e
of

th
e
st
ud

y
w
as

to
as
se
ss

ch
an

ge
s
in

do
or
-t
o-

ne
ed

le
tim

es
an

d
on

se
to

fs
ym

pt
om

s-
to
-n
ee

dl
e
re
su
lti
ng

fr
om

ch
an

ge
s
in

pr
e-

an
d
in
tr
ah

os
pi
ta
lr
ou

tin
es
.

32
0
pa

ti
en

ts
��

C
he

n
et

al
.3
6 /

PL
oS

O
ne

/
20

14
/

C
hi
na

Pr
o
sp

ec
ti
ve

To
in
ve

st
ig
at
e
th
e
im

pa
ct

of
th
e

st
ro
ke

co
de

on
th
e
pe

rf
or
m
an

ce
of

th
ro
m
b
ol
yt
ic

th
er
ap

y
an

d
fu
nc

ti
on

-
al

re
su

lt
s
fo
r
pa

ti
en

ts
w
it
h
ac
ut
e

is
ch

em
ic

st
ro
ke

.

91
pa

ti
en

ts
be

fo
re

an
d
21

6
af
te
r

Fo
na

ro
w

et
al
.3
7 /

JA
M
A
/
20

14
/
U
SA

Be
fo
re
-a
ft
er

To
an

al
yz
e
th
e
tim

e
tr
en

d
of

th
e
do

or
-

to
-n
ee

dl
e
ti
m
e
fo
r
th
e
ad

m
in
is
tr
at
io
n

of
th
ro
m
bo

ly
si
s
an

d
de

te
rm

in
e
th
e

pr
op

or
ti
on

of
pa

tie
nt
s
w
ith

a
tim

e
of

60
m
in
ut
es

or
le
ss

be
fo
re

an
d
af
te
r

th
e
be

gi
nn

in
g
of

th
e
pr
og

ra
m
;t
o

ev
al
ua

te
w
he

th
er

im
pr
ov

em
en

ti
n
th
e

do
or
-t
o-
ne

ed
le

tim
e
w
as

as
so
ci
at
ed

w
ith

im
pr
ov

ed
cl
in
ic
al

re
su
lts
,i
nc

lu
d-

in
g
ho

sp
ita

lm
or
ta
lit
y,
de

st
in
at
io
n
of

di
sc
ha

rg
e,

am
bu

la
to
ry

st
at
us
,t
he

pr
es
en

ce
of

sy
m
pt
om

at
ic
in
tr
ac
ra
ni
al

he
m
or
rh
ag

e
36

ho
ur
s
af
te
r
th
ro
m
-

bo
ly
si
s
an

d
co

m
pl
ic
at
io
ns

of
th
ro
m
bo

ly
si
s.

27
,3
19

pa
ti
en

ts
be

fo
re

an
d
43

,8
50

af
te
r

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al.732



Ta
b
le

1
(C
on

tin
ue

d)

A
ut
h
or
s/
Jo
u
rn
al
/Y
ea

r/
C
o
un

tr
y

St
u
d
y
d
es
ig
n�

O
b
je
ct
iv
e(
s)

Po
pu

la
ti
on

(n
)

Ru
ff
et

al
.3
8 /

St
ro
ke

/
20

14
/
U
SA

Re
tr
os
pe

ct
iv
e

To
as
se
ss

w
he

th
er

th
e
in
co

rp
or
at
io
n

of
a
st
ro
ke

pr
ot
oc

ol
in
to

th
e
Ta

rg
et

St
ro
ke

in
it
ia
ti
ve

si
gn

ifi
ca
nt
ly

ch
an

ge
d
th
e
m
ea

n
do

o
r-
to
-C
T
an

d
do

or
-t
o-
ne

ed
le

ti
m
es
.

1,
41

3
pa

ti
en

ts
be

fo
re

an
d
92

5
af
te
r

Fo
rd

et
al
.3
9 /

St
ro
ke

/
20

12
/
U
SA

Pr
o
sp

ec
ti
ve

Th
e
“c
ur
re
nt

st
at
e
an

al
ys
is
”
m
ap

pe
d

op
er
at
io
ns

w
ith

w
as
te

an
d
th
os
e
th
at

ad
de

d
va
lu
e.

A
“f
ut
ur
e
st
at
e
an

al
ys
is
”

re
m
ov

ed
us
el
es
s
st
ep

s
an

d
re
ta
in
ed

va
lu
e-
ad

de
d
st
ep

s.
A
n
“a
ct
io
n
pl
an

”
w
as

cr
ea
te
d
to

im
pl
em

en
t
th
e
si
m
-

pl
ifi
ed

pr
ot
oc

ol
an

d
pr
ov

id
e
fe
ed

ba
ck

fo
r
co

nt
in
uo

us
im

pr
ov

em
en

t.
Th

e
ef
-

fi
ci
en

cy
an

d
sa
fe
ty

m
et
ric

s
of

th
e

pr
ot
oc

ol
w
er
e
co

m
pa

re
d
be

fo
re

an
d

af
te
r
im

pl
em

en
ta
ti
on

.

13
2
pa

ti
en

ts
be

fo
re

an
d
87

af
te
r

Li
n
et

al
.4
0 /

C
ir
c
C
ar
d
io
va
sc

Q
ua

l
O
ut
co

m
es
/
20

12
/
U
SA

Re
tr
os
pe

ct
iv
e

To
as
se
ss

th
e
as
so
ci
at
io
n
of

pr
en

ot
ifi
-

ca
ti
on

of
th
e
em

er
ge

nc
y
m
ed

ic
al

se
rv
ic
e
w
ith

as
se
ss
m
en

t
an

d
tr
ea
t-

m
en

t
of

ac
ut
e
is
ch

em
ic
st
ro
ke
,i
n-

cl
ud

in
g
do

or
-t
o-
C
T
an

d
do

or
-t
o-

ne
ed

le
ti
m
es
,s
ym

pt
om

s-
do

or
on

se
t

an
d
th
ro
m
bo

ly
tic

tr
ea
tm

en
t
ra
te
s
in

el
ig
ib
le

pa
tie

nt
s.

24
9,
19

7
pa

ti
en

ts
be

fo
re

an
d
12

2,
79

1
af
te
r

Ta
ie

t
al
.4
1 /

In
te
rn

M
ed

J/
20

12
/

A
us

tr
al
ia

Re
tr
os
pe

ct
iv
e

To
pe

rf
or
m

a
co

m
pr
eh

en
si
ve

qu
al
ita

-
tiv

e
an

al
ys
is
of

th
e
st
ro
ke

co
de

se
rv
ic
e

at
a
M
el
bo

ur
ne

ho
sp
ita

lt
o
de

te
rm

in
e

w
he

th
er

it
ha

d
re
su
lte

d
in
a
re
du

ct
io
n

in
do

or
-t
o-
ne

ed
le

an
d
do

or
-t
o-
C
T

tim
es
,a

nd
in
cr
ea
se
d
th
e
pe

rc
en

ta
ge

of
pa

tie
nt
s
tr
ea
te
d
w
ith

th
ro
m
bo

ly
si
s.

96
pa

ti
en

ts
be

fo
re

an
d
18

9
af
te
r

O
’B
ri
en

et
al
.4
2 /

JC
lin

N
eu

ro
sc
i/

20
12

/
A
us

tr
al
ia

Pr
o
sp

ec
ti
ve

co
ho

rt
pr
e-

an
d

po
st
in
te
rv
en

ti
on

To
de

te
rm

in
e
w
he

th
er

th
e
in
tr
od

uc
-

tio
n
of

a
pr
eh

os
pi
ta
ln

ot
ifi
ca
tio

n
sc
he

m
e
ba

se
d
on

an
am

bu
la
nc
e

st
ro
ke

se
rv
ic
e
(F
A
ST

ER
)r
ed

uc
es

th
e

as
se
ss
m
en

tt
im

e
fo
rt
hr
om

bo
ly
si
sa

nd
in
cr
ea
se
s
th
e
us
e
of

th
ro
m
bo

ly
si
s
in

a
he

al
th

se
rv
ic
e
in

th
e
C
en

tr
al
C
oa

st
ar
ea
.

42
pa

ti
en

ts
be

fo
re

an
d
67

af
te
r

(C
on

tin
ue

d)

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al. 733



Ta
b
le

1
(C
on

tin
ue

d)

A
ut
h
or
s/
Jo
u
rn
al
/Y
ea

r/
C
o
un

tr
y

St
u
d
y
d
es
ig
n�

O
b
je
ct
iv
e(
s)

Po
pu

la
ti
on

(n
)

Su
ng

et
al
.4
3 /

St
ro
ke

Re
s
Tr
ea

t/
20

11
/
C
hi
na

Be
fo
re
-a
ft
er

To
de

te
rm

in
e
w
he

th
er

m
od

if
yi
ng

th
e
pr
ot
oc

ol
sh

or
te
ne

d
in
tr
ah

os
pi
-

ta
ld

el
ay

an
d
fa
ci
lit
at
ed

th
ro
m
bo

-
ly
ti
c
th
er
ap

y.

33
8
pa

ti
en

ts
be

fo
re

an
d
13

9
af
te
r

H
oe

ge
rl
et

al
.4
4 /

Jo
ur
na

lo
f
th
e

A
m
er
ic
an

O
st
eo

p
at
hi
c
A
ss
oc

ia
ti
o
n/

20
11

/
U
SA

Pr
o
sp

ec
ti
ve

To
de

te
rm

in
e
w
he

th
er

im
pl
em

en
t-

in
g
a
st
ro
ke

al
er
t
pr
ot
oc

ol
,
in

co
n-

ju
nc

ti
on

w
it
h
a
lim

it
ed

ed
uc

at
io
n

pr
og

ra
m
,w

ill
re
du

ce
th
e
ar
ri
va
lt
im

e
fo
r
C
T
an

d
th
e
tr
ea

tm
en

t
ti
m
e
fo
r

st
ro
ke

pa
ti
en

ts
in

th
e
em

er
g
en

cy
de

pa
rt
m
en

t.

13
2
pa

ti
en

ts
be

fo
re

an
d
10

1
af
te
r

Ka
m
al

et
al
.4
5 /

C
ir
cu

la
ti
on

/
20

17
/

U
SA

Pr
o
sp

ec
ti
ve

co
ho

rt
To

an
al
yz
e
th
e
im

pa
ct

of
fo
ur

sp
e-

ci
fi
c
st
ra
te
gi
es

(a
ne

w
ca

ll
ac

ti
va

ti
on

sy
st
em

;r
eg

is
te
ri
ng

th
e
pa

ti
en

t
w
it
h

su
sp

ec
te
d
st
ro
ke

as
un

kn
ow

n
on

ad
m
is
si
on

un
ti
ll
ab

or
at
or
y

co
nfi

rm
at
io
n/
im

ag
e;

se
nd

in
g
di
re
ct

pa
ti
en

t
to

C
T
in

em
er
g
en

cy
se
r-

vi
ce

s;
ap

pl
yi
ng

th
ro
m
bo

ly
si
s
on

th
e

C
T
ta
bl
e
sc
an

or
im

ag
in
g)

to
re
du

ce
th
e
do

or
-t
o-
ne

ed
le

ti
m
e
in

a
si
ng

le
ce

nt
er
.

35
0
pa

ti
en

ts
��

Ig
le
si
as

M
o
he

da
no

et
al
.4
6 /

N
eu

ro
-

lo
gi
a/

20
20

/
Sp

ai
n

Be
fo
re
-a
ft
er

co
ho

rt
To

de
te
rm

in
e
w
he

th
er

a
ne

w
in
tr
a-

ho
sp
it
al

in
tr
av
en

ou
s
th
ro
m
b
ol
ys
is

pr
ot
oc

ol
is
ef
fe
ct
iv
e
in

re
du

ci
ng

th
e

do
or
-t
o-
ne

ed
le

ti
m
e
an

d
co

rr
ec

ti
ng

pr
ev

io
us

ly
id
en

ti
fi
ed

fa
ct
or
s
as
so
ci
-

at
ed

w
it
h
de

la
ys
.

23
9
pa

ti
en

ts
be

fo
re

an
d
22

2
af
te
r

A
b
b
re
vi
at
io
n
:
C
T,

co
m
p
ut
ed

to
m
og

ra
p
hy

.
N
ot
es

:
� T
he

st
ud

y
de

si
g
n
w
as

no
te
d
ac
co

rd
in
g
to

ho
w

it
w
as

m
en

ti
o
ne

d
in

th
e
or
ig
in
al

ar
ti
cl
e.

��
Th

e
au

th
o
rs

di
d
no

t
pr
es
en

t
th
e
st
ud

y
po

pu
la
ti
on

be
fo
re

or
af
te
r

im
pl
em

en
ti
ng

th
e
pr
ot
oc

ol
.

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al.734



Ta
b
le

2
D
es
cr
ip
ti
on

of
th
e
m
ai
n
re
su

lt
s
of

th
e
ar
ti
cl
es

in
cl
ud

ed
in

th
e
na

rr
at
iv
e
lit
er
at
ur
e
re
vi
ew

on
th
e
ef
fe
ct
iv
en

es
s
of

th
e
ur
g
en

tc
ar
e
pr
ot
oc

ol
s
fo
ra

cu
te

is
ch

em
ic
st
ro
ke

in
re
d
uc

in
g
ca

re
ti
m
es

Re
fe
re
n
ce

s
/
m
et
h
od

ol
og

ic
al

qu
al
it
y
ap

p
ra
is
al

Sy
m
pt
o
m
s
on

se
t-
to
-d
oo

r
ti
m
e

D
o
or
-t
o
-im

ag
e
ti
m
e

Im
ag

e-
to
-n
ee

d
le

ti
m
e

D
o
or
-t
o
-n
ee

d
le

ti
m
e

Sy
m
pt
om

s
o
ns

et
-t
o
-

n
ee

d
le

ti
m
e

Be
fo
re
-A
ft
er

(m
in
)

p-
va

lu
e

Be
fo
re
-A
ft
er

(m
in
)

p-
va

lu
e

B
ef
o
re
-A
ft
er

(m
in
)

p-
va

lu
e

Be
fo
re
-A
ft
er

(m
in
)

p-
va

lu
e

B
ef
o
re
-A
ft
er

(m
in
)

p-
va

lu
e

Ye
et

al
.1
2

8/
11

D
N
M

D
N
M

D
N
M

M
d
n
71

.5
–5

1.
5

p
<
0.
00

1
M
dn

17
5.
5–

14
9.
5

p
¼
0.
03

9

M
ad

ho
k
et

al
.1
3

4/
8

D
N
M

M
d
n
19

(I
Q
R
14

–2
3)
–9

(9
–

11
)

p
<
0.
01

D
N
M

M
d
n
35

(I
Q
R
32

–5
7)
–2

9
(2
2–

36
)

p
<
0.
01

D
N
M

A
jm

ie
t
al
.1
4

8/
11

M
dn

38
(I
Q
R
27

–5
4)
–3

7
(2
5–

50
)

p
¼
0.
2

D
N
M

D
N
M

M
d
n
27

(I
Q
R
19

–4
1)
–1

3(
9–

23
)�

M
dn

11
0(
IQ

R
77

–
16

8)
–9

6(
68

–1
46

)�

V
an

ho
uc

ke
et

al
.1
5

8/
11

D
N
M

D
N
M

M
dn

24
(I
Q
R
13

–4
2)
–1

5
(1
0–

21
)

p
¼
0.
00

9

M
d
n
57

(I
Q
R
43

–6
9)
–3

3
(2
5–

45
)

p
<
0.
00

1

D
N
M

Si
ls
by

et
al
.1
6

5/
11

M
dn

90
(I
Q
R
65

–1
30

)–
93

(6
4–

15
4)

p
¼
0.
66

M
d
n
23

(I
Q
R
14

–5
5)
–2

2(
9–

49
)
p
¼
0.
11

Re
d
uc

ed
fr
om

M
dn

16
(I
Q
R

9–
22

)
to

8
(4
–1

4)
m
in

(p
<
0.
01

)
in

pa
ti
en

ts
pr
e-

no
ti
fi
ed

by
th
e
am

bu
la
nc

e

M
dn

55
(I
Q
R
39

–6
7)
–2

6
(2
3–

27
)

p
<
0.
01

76
(5
4–

91
)–
33

(2
7–

44
)

p
<
0.
01

D
N
M

Ka
ns

ag
ra

et
al
.1
7

6/
11

D
N
M

D
N
M

D
N
M

M
d
n
14

7–
39

m
in
ut
es

p
<
0.
00

1
M
dn

29
0–

21
2

p
¼
0.
05

N
g
uy

en
-H
uy

nh
et

al
.1
8

8/
11

D
N
M

D
N
M

D
N
M

M
d
n
53

.5
(I
Q
R
42

–7
3)
–3

4
(2
6–

45
)
p
<
0.
00

1
D
N
M

Ko
g
e
et

al
.1
9

5/
11

D
N
M

D
N
M

M
dn

45
(I
Q
R
20

–5
8)
–1

6
(1
3–

40
)
fo
r
th
ro
m
bo

ly
si
s

p
¼
0.
02

M
dn

75
(I
Q
R
45

–9
0)
–5

3
(4
5–

73
)
fo
r
th
ro
m
be

ct
om

y
p
¼
0.
08

D
N
M

D
N
M

Ps
yc
ho

gi
os

et
al
.2
0

6/
11

D
N
M

D
N
M

D
N
M

M
54

.5
(9
5%

C
I4

7–
61

)–
20

.5
(9
5%

C
I1

7–
26

)
D
N
M

Ka
ln
in
s
et

al
.2
1

7/
11

D
N
M

D
N
M

D
N
M

M
98

–6
5

p
¼
0.
08

M
18

6–
13

0
p
¼
0.
02

C
ap

ut
o
et

al
.2
2

7/
11

D
N
M

D
N
M

D
N
M

M
d
n
38

–2
8

p
<
0.
00

1
D
N
M

Zi
nk

st
ok

et
al
.2
3

7/
11

M
dn

65
(I
Q
R
50

–9
0)
–7

1
(4
8–

12
0)

p
<
0.
15

6

M
d
n
35

(I
Q
R
27

–4
7)
–6

(4
–

10
)

p
<
0.
00

1

M
dn

40
(I
Q
R
31

–5
5)
–2

0
(1
5–

28
)

p
<
0.
00

1

M
d
n
75

(I
Q
R
60

–1
05

)–
28

(2
0–

37
)
p
<
0.
00

1
M
dn

15
8(
IQ

R
13

5–
17

7)
–1

05
(7
5–

16
0)

p
<
0.
00

1

(C
on

tin
ue

d)

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al. 735



Ta
b
le

2
(C
on

tin
ue

d)

Re
fe
re
n
ce

s
/
m
et
h
od

ol
og

ic
al

qu
al
it
y
ap

p
ra
is
al

Sy
m
pt
o
m
s
on

se
t-
to
-d
oo

r
ti
m
e

D
o
or
-t
o
-im

ag
e
ti
m
e

Im
ag

e-
to
-n
ee

d
le

ti
m
e

D
o
or
-t
o
-n
ee

d
le

ti
m
e

Sy
m
pt
om

s
o
ns

et
-t
o
-

n
ee

d
le

ti
m
e

Be
fo
re
-A
ft
er

(m
in
)

p-
va

lu
e

Be
fo
re
-A
ft
er

(m
in
)

p-
va

lu
e

B
ef
o
re
-A
ft
er

(m
in
)

p-
va

lu
e

Be
fo
re
-A
ft
er

(m
in
)

p-
va

lu
e

B
ef
o
re
-A
ft
er

(m
in
)

p-
va

lu
e

Bu
sb
y
et

al
.2
4

6/
11

D
N
M

M
d
n
16

(I
Q
R
11

–2
5)
–8

(5
–

11
)

p
<
0.
00

01

D
N
M

M
d
n
62

(I
Q
R
49

–7
7)
–2

5
(1
8–

36
)

p
<
0.
00

01

D
N
M

Li
an

g
et

al
.2
5

8/
11

D
N
M

M
d
n
37

(I
Q
R
26

–4
0)
–2

2
(1
3–

27
)
p
¼
0.
00

3
M
dn

33
(I
Q
R
30

–4
7)
–2

5
(1
8–

29
)

p
<
0.
00

1

M
d
n
90

(I
Q
R
60

–1
25

)–
47

(4
0–

61
)

p
¼
0.
00

4

M
dn

16
3(
IQ

R
14

0–
18

0)
–1

70
(1
33

–2
05

)
p
¼
0.
62

5

M
o
ra
n
et

al
.2
6

5/
11

D
N
M

D
N
M

M
dn

36
(I
Q
R
28

–6
4)
–2

1
(1
6–

31
)

p
<
0.
00

01

M
d
n
53

(I
Q
R
45

–4
3)
–4

5
(3
5–

58
)

p
¼
0.
00

1

M
dn

11
8(
IQ

R
96

–
15

7)
–1

10
(8
0–

14
1)

p
¼
0.
13

M
ar
to

et
al
.2
7

6/
11

M
91

.5
(S
D

51
.6
)–

90
.7
(S
D

42
.8
)

p
¼
0.
94

3

M
24

–1
6.
5

p
¼
0.
00

4
D
N
M

M
47

–3
9

p
¼
0.
01

6
D
N
M

Ib
ra
hi
m

et
al
.2
8

5/
11

D
N
M

M
42

.5
(S
D

42
.1
)–
27

.1
(S
D

26
.4
)

p
<
0.
00

1

D
N
M

M
83

.3
(S
D

47
.7
)–
47

.1
(S
D

25
.7
)

p
<
0.
00

1

D
N
M

H
ei
kk

ilä
et

al
.2
9

6/
11

D
N
M

D
N
M

D
N
M

M
d
n
54

–2
8

p
<
0.
00

1
M
dn

13
9–

10
1

p
<
0.
00

1

R
ai

et
al
.3
0

8/
11

M
18

0(
SD

12
8)
-1
83

(S
D

24
4)

p
¼
0.
2

M
40

(S
D

29
)-
26

(S
D

15
)

p
¼
0.
00

8
M

11
1–

66
fo
r
th
ro
m
be

c-
to
m
y
p
<
0.
00

01
M

11
1(
SD

49
)–
67

(S
D

33
)

fo
r
th
om

bo
ly
si
s

p
<
0.
00

01

M
15

1(
SD

51
)–
93

(S
D

37
)

P
<
0.
00

01
D
N
M

Zu
ck
er
m
an

et
al
.3
1

6/
11

D
N
M

M
39

.9
–1

2.
8

p
<
0.
00

1
D
N
M

M
62

.5
(S
D

44
.9
)–
43

.5
(S
D

21
.5
)

p
¼
0.
16

9

D
N
M

Ke
nd

al
le

t
al
.3
2

8/
11

D
N
M

M
32

(S
D

22
.6
)–

23
.5
(S
D

21
.8
)

p
<
0.
00

1

M
43

.8
(S
D

27
.3
)–

42
.1
(S
D

26
.1
)

p
¼
0.
57

M
76

.2
(S
D

32
.3
)–
65

.6
(S
D

33
.7
)

p
¼
0.
00

4

M
16

4.
9(
SD

50
.1
)–
15

4.
1

(S
D

51
.7
)

p
¼
0.
05

3

A
ts
um

ie
t
al
.3
3

8/
11

D
N
M

D
N
M

D
N
M

M
75

.3
(S
D

23
.8
)–

78
.1
(S
D

31
.6
)

p
¼
0.
45

7

M
13

2.
4(
SD

27
.4
)–
11

7.
4

(S
D

59
.0
)

p
¼
0.
16

8

V
an

Sc
ha

ik
et

al
.3
4

8/
11

D
N
M

D
N
M

D
N
M

M
d
n
60

(I
Q
R
41

–6
5)
–2

5
(2
0–

37
)

p
<
0.
00

1

D
N
M

A
d
va
ni

et
al
.3
5

5/
11

D
N
M

D
N
M

D
N
M

M
d
n
73

–3
1

p
<
0.
00

1
M
dn

13
5–

11
9
m
in
ut
e

p
<
0.
44

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al.736



Ta
b
le

2
(C
on

tin
ue

d)

Re
fe
re
n
ce

s
/
m
et
h
od

ol
og

ic
al

qu
al
it
y
ap

p
ra
is
al

Sy
m
pt
o
m
s
on

se
t-
to
-d
oo

r
ti
m
e

D
o
or
-t
o
-im

ag
e
ti
m
e

Im
ag

e-
to
-n
ee

d
le

ti
m
e

D
o
or
-t
o
-n
ee

d
le

ti
m
e

Sy
m
pt
om

s
o
ns

et
-t
o
-

n
ee

d
le

ti
m
e

Be
fo
re
-A
ft
er

(m
in
)

p-
va

lu
e

Be
fo
re
-A
ft
er

(m
in
)

p-
va

lu
e

B
ef
o
re
-A
ft
er

(m
in
)

p-
va

lu
e

Be
fo
re
-A
ft
er

(m
in
)

p-
va

lu
e

B
ef
o
re
-A
ft
er

(m
in
)

p-
va

lu
e

C
he

n
et

al
.3
6

7/
11

M
dn

45
(I
Q
R
30

–6
5)
–5

8
(3
2–

94
.5
)

p
¼
0.
00

9

M
d
n
24

(I
Q
R
19

–3
8.
5)
–1

1
(9
–1

3)
p
<
0.
00

1

M
dn

61
(I
Q
R
44

–7
9)
–4

0
(3
2–

51
)

p
<
0.
00

1

M
d
n
88

(I
Q
R
67

–1
07

)–
51

(4
3–

64
)

p
<
0.
00

1

M
dn

14
5(
IQ

R
12

2–
16

3)
–1

25
(9
0.
3–

15
7)

p
<
0.
00

1

Fo
na

ro
w

et
al
.3
7

7/
11

M
dn

50
(I
Q
R
35

–7
0)
–5

2
(3
6–

73
)�

D
N
M

D
N
M

M
d
n
77

(I
Q
R
60

–9
8)
–6

7
(5
1–

87
)

p
<
0.
00

1

M
dn

13
7(
IQ

R
11

3–
16

0)
–1

28
(1
03

–1
54

)
p
<
0.
00

1

Ru
ff
et

al
.3
8

6/
11

M
ed

57
6
(1
80

–2
,1
66

)–
49

8
(1
20

–1
,5
78

)
p
¼
0.
00

1

M
ed

71
(I
Q
R
37

–1
56

)–
59

(2
4–

14
2)

p
<
0.
00

1

D
N
M

M
d
n
70

(I
Q
R
56

–8
5)
–4

7
(3
2–

62
)

p
<
0.
00

1

M
dn

12
4(
IQ

R
10

0–
16

2)
–1

05
(7
5–

14
8)

p
¼
0.
00

2

Fo
rd

et
al
.3
9

7/
11

M
dn

62
(I
Q
R
43

–9
3)
–6

7
(3
8–

91
)

p
¼
0.
75

M
d
n
16

(I
Q
R
10

–2
2)
–1

(0
–4

)
p
<
0.
00

1
D
N
M

M
d
n
60

(I
Q
R
46

–7
3)
–3

9
(2
8–

56
)

p
<
0.
00

01

M
dn

13
1(
IQ

R
10

5–
16

5)
–1

1(
80

–1
58

)
p
¼
0.
01

61

Li
n
et

al
.4
0

5/
11

M
dn

11
3(
IQ

R
55

–3
40

)–
15

0
(6
0–

44
5)

p
<
0.
00

01

M
d
n
55

(I
Q
R
28

–1
03

)–
42

(2
2–

83
)

p
<
0.
00

01

D
N
M

M
d
n
80

(I
Q
R
60

–1
03

)–
78

(6
0–

10
0)

p
<
0.
00

01

M
dn

14
5(
IQ

R
11

6–
17

0)
–1

41
(1
15

–1
69

)
p
<
0.
00

01

Ta
ie

t
al
.4
1

5/
11

M
dn

61
.5

(I
Q
R
49

.0
–

73
.8
)–
72

.0
(5
6.
0–

11
1.
5)

p
<
0.
00

1

M
d
n
42

(I
Q
R
29

–5
6)
–2

3
(1
6–

39
)

p
<
0.
00

1

M
dn

48
.5

(I
Q
R
32

.8
–

67
.3
)–
39

.0
(2
5.
0–

62
.0
)

p
¼
0.
04

4

M
d
n
90

(I
Q
R
77

.3
–1

11
)–
72

(5
0.
5–

93
.5
)

p
<
0.
00

1

M
dn

16
0
(I
Q
R
13

3–
17

5)
–1

60
(1
28

–1
95

)
(p

<
0.
33

9)

O
’B
ri
en

et
al
.4
2

8/
11

M
59

–7
6
m
in
ut
es

p
¼
0.
18

0
M

49
–1

9
m
in
ut
es

p
¼
0.
00

4
D
N
M

M
10

2–
56

m
in
ut
e

p
¼
0.
00

1
M

15
7–

12
5
m
in
ut
es

p
¼
0.
00

5

Su
ng

et
al
.4
3

7/
11

M
dn

65
(I
Q
R
34

–1
08

)–
66

(I
Q
R
36

–1
17

)
p
¼
0.
21

7

M
d
n
29

(I
Q
R
19

–5
0)
–2

0
(1
3–

38
)

p
<
0.
00

1

D
N
M

M
d
n
68

.5
(I
Q
R
57

–8
3)
–5

8
(5
4–

69
)

p
¼
0.
03

5

D
N
M

H
oe

ge
rl
et

al
.4
4

8/
11

D
N
M

M
d
n
65

.5
(I
Q
R
41

.0
–

10
1.
0)
–5

4.
0(
33

.1
–5

5.
3)

(p
<
0.
00

4)

M
dn

23
.0
–1

6.
3�

M
d
n
85

.5
–4

8.
9�

D
N
M

Ka
m
al

et
al
.4
5

8/
11

D
N
M

D
N
M

D
N
M

M
d
n
53

–3
5

p
¼
0.
00

02
D
N
M

Ig
le
si
as

M
o
he

da
no

et
al
.4
6

8/
11

M
dn

84
(I
Q
R
60

–1
20

)–
82

.5
(5
7.
7–

11
6.
2)

p
¼
0.
90

M
d
n
17

(I
Q
R
13

–2
4.
8)
–1

5
(1
1.
7–

20
)

p
<
0.
00

1

M
dn

34
(I
Q
R
26

–4
7)
–1

8
(1
3–

25
)

p
<
0.
00

1

M
d
n
52

(I
Q
R
43

–7
0)
–3

4
(2
8–

45
)

p
<
0.
00

1

M
dn

14
5(
IQ

R
12

0–
18

0)
–1

19
(9
3–

15
5.
2)

p
<
0.
00

1

A
b
b
re
vi
at
io
n
s:

D
N
M
,
di
d
no

t
m
en

ti
on

;
IQ

R
,
in
te
rq
ua

rt
ile

ra
ng

e;
M
,
m
ea

n;
M
dn

,
m
ed

ia
n;

m
in
,
m
in
ut
es
;
SD

,
st
an

da
rd

de
vi
at
io
n.

N
ot
es

:
� D

id
no

t
pr
es
en

t
p-
va
lu
e.

Arquivos de Neuro-Psiquiatria Vol. 80 No. 7/2022 © 2022. Academia Brasileira de Neurologia. All rights reserved.

Care time after implementing stroke protocols Leite et al. 737



The door-to-needle time showed a significant decrease in
90.6% of the studies after implementing the stroke protocol.
This time is closely related to the structural and operational
reorganization to provide adequate and timely care to affect-
ed cases in the stroke care units, and can also be reduced if an
adequate diagnostic hypothesis is raised for stroke cases by
the prehospital urgency and emergency medical ser-
vices,40,45,50,54 with the intention of quickly activating the
stroke code.46,50,55

The symptoms-onset-to-needle time decreased in 63.2%
of the studies after implementing the
protocol.12,21,23,24,29,36–40,42,46 Thus, despite the advances
in in-hospital care, efforts are required to raise awareness
and sensitize people in the community regarding recogni-
tion of the urgency of attending a case with signs and
symptoms compatible with stroke. In this sense, Primary
Health Care services and teams need to be involved in the
Stroke Care Network with clear roles and responsibilities to
achieve these objectives. Additionally, the availability of a
specific algorithm to avoid treatment delays and to prioritize
caseswhen emergencymedical services are triggered should
be encouraged.

The need to better elucidate the study population should
be emphasized in the studies included in the present review,
to highlight the similarities between the groups studied, and
to provide reliable measures of exposures and outcomes by
conducting a prospective data collection.

This review had as a limitation the impossibility of
relating the effectiveness of using protocols in stroke care
based on their composition and characteristics, since they
were not always described in detail in the studies. The
systematic review is also limited, as the searches for articles
were conducted only by title, abstract, and keywords in
most of the databases—no full text search was made.
Additionally, meta-analysis and assessment of the quality
of the evidence of this systematic review could not be
performed.

In conclusion, the importance and relevance of imple-
menting protocols in stroke care and effectiveness in the
time elapsed between the onset of symptoms and initiating
treatment was identified in this study. Therefore, it is neces-
sary to seek improvement in the recognition time of stroke
symptoms among people who have first contact with the
person affected by the stroke, as well as prehospital care and
hospitalization, making efforts to provide reperfusion ther-
apy. Furthermore, the lack of detailed description of the
implemented protocols represents a gap to be investigated
in future comparative studies.
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