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Abstract

Introduction: To systematically evaluate the application effect of pre-hospital and in-hospital emergency mode in pa-
tients with acute stroke.

Material and methods: The study was conducted by systematic search of Chinese (CNKI, Wanfang and VIP) and English
(PubMed, EMBASE and Cochrane Library) databases. The case-control studies comparing the role of pre-hospital and
in-hospital emergency mode for patients with acute stroke were included in this study. Outcome indicators included
the time from admission to thrombolytic therapy (DNT), the time from calling for help to receiving professional treatment,
the first aid effect (effective rate, disability rate and mortality), complications and prognosis. Meta-analysis was performed
using RevMan 5.3.

Results: Seventeen studies were included in the final analysis. Compared with traditional emergency measures,
pre-hospital and in-hospital emergency measures can significantly reduce DNT (mean difference [MD] = —22.63,
p < 0.00001), time from call to professional treatment (MD: -13.22, p < 0.00001), disability rate (RR = 0.88,
p =0.004), fatality rate (RR = 0.58, p < 0.00001), central cerebral fever (RR = 0.44, p = 0.0009), and gastrointestinal bleeding
(RR = 0.44, p = 0.002). In addition, daily living ability (MD = 16.56, p < 0.00001) and emergency response rate (RR = 1.50,
p < 0.00001) were significantly improved.

Conclusions: The pre-hospital and in-hospital emergency mode has a significant emergency effect in patients with acute
stroke, which is a protective factor. This emergency mode can be widely used in clinical practice.

Key words: acute stroke, pre-hospital emergency, hospital first aid.

Introduction

Stroke is the most common cause of death and
the leading cause of sexual disability in adults world-
wide [3]. The World Health Organization calls stroke
the ‘epidemic of the 215t century’ [21]; in the United
States, about 795,000 adults experience a new or
recurrent stroke every year [2]. Stroke not only has
a high incidence, but also causes high mortality,
high disability rate and complications, which serio-
usly endanger the life safety and quality of life of pa-
tients [14].

The main principle for the treatment of acute
stroke is to implement thrombolytic therapy as soon
as possible, and experimental and systematic eval-
uation studies have shown that the effect of intra-
venous injection of tissue plasminogen activator
(tPA) on patients with acute stroke depends on the
time from onset to injection of tPA [8,15,19], and
the treatment time window for acute stroke is
6 hours from onset to admission. However, previous
studies have found that most patients with acute stroke
receive treatment beyond the most effective time
window. For example, the median time from onset to
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treatment of acute stroke patients in the Get-With-The-
Guidelines Center of the United States is 144 minutes
[22]; the median time from onset to treatment of acute
stroke patients in the European Research Centre is
140 minutes [26]. On the other hand, effective emer-
gency measures have significantly improved the prog-
nosis and complications of patients [16]. Therefore,
rapid and effective pre-hospital emergency measures
play an important role in improving the emergency
effect and prognosis of patients with acute stroke.
On the surface of a large number of original studies,
the implementation of pre-hospital and in-hospital
emergency measures can shorten the thrombolysis
time of patients with acute stroke [23,28], improve limb
motor ability, daily living ability and neurological func-
tion [4,29], and also the prognosis of patients. How-
ever, there is a lack of systematic evaluation research in
this field, so it is necessary to carry out this study.

In this study, we aimed to systematically evaluate
the application effect of pre-hospital and in-hospital
emergency mode in patients with acute stroke through
systematic retrieval of public databases, so as to pro-
vide reference for the promotion and improvement of
emergency mode of acute stroke.

Material and methods
Literature retrieval strategy

Following the guidance manual of PRISMA, three
English databases including PubMed, EMBASE and
Cochrane Library, and three Chinese databases
including CNKI, Wanfang and VIP were systematically
searched. The search concerned the period from data-
base construction to 30 October 2021. The English
database retrieval strategy includes the following key-
words: ‘stroke’; ‘pre-hospital’, ‘in-hospital’, and ‘emer-
gency care’. The Chinese database retrieval strategy
includes the following keywords: ‘stroke’, ‘cerebral
infarction’, ‘cerebral haemorrhage’, ‘pre-hospital emer-
gency care’, ‘hospital emergency care’, and ‘integrated
emergency care’.

Inclusion and exclusion criteria

Inclusion criteria: 1) patients diagnosed as cere-
bral haemorrhage or stroke by clinical diagnosis and
confirmed by computed tomography (CT) or magnet-
ic resonance imaging (MRI); 2) the observation group
adopted pre-hospital first aid or in-hospital first aid or
pre-hospital and in-hospital integrated first aid mea-
sures, while the control group adopted conventional
first aid methods for cerebrovascular diseases; 3) out-
come indicators include first aid time (min), first aid
effect (including efficiency, disability and mortality),
complications and prognosis after first aid. The Barthel
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index was used to evaluate the prognosis after first aid.
Reporting one of these outcome indicators is sufficient
for inclusion in this study; 4) case-control study; and
5) Chinese literature only included core journal articles.
Exclusion criteria: 1) non-original studies such as
systematic review and case report; 2) lack of the con-
ventional emergency control group; 3) literature with
incomplete outcome indicators and no data analysis.

Literature screening
and data extraction

Two researchers separately screened the literature
according to the inclusion and exclusion criteria. When
the two people were inconsistent, the third researcher
was consulted for discussion to reach a unified opin-
ion. After literature screening, the data were extracted
by two researchers, including literature information,
demographic characteristics of the subjects, first aid
methods, related outcome indicators, research types
and other information.

Quality evaluation

Newcastle-Ottawa scale (NOS) was used to evalu-
ate the quality of case-control studies. The scale was
evaluated for three aspects: case selection, compara-
bility and results. The full score was 9, and the total
score of 7 or more represented high quality literature.

Statistical analysis method

RevMan 5.3 software was used for statistical
analysis. The effect of count data and measurement
data is represented by relative risk (RR) and weight-
ed mean difference (MD), respectively, and the inter-
val range of effect is estimated by 95% confidence
interval (Cl). Heterogeneity test was used to deter-
mine the size of heterogeneity. It was considered that
the included literature was homogeneous and ana-
lysed by the fixed effect model (Mantel-Haenszel).
If > 50% or p < 0.1, it is considered that the included
studies are not homogeneous, and the random effect
model (DerSimonian-Laird) is used for analysis. If the
heterogeneity is large, subgroup analysis or sensitivity
analysis are used to explore the source of heterogene-

ity.

Results

Inclusion of research characteristics
and quality evaluation

A total of 17 studies were included in the final ana-
lysis after screening according to inclusion and exclu-
sion criteria [4-6,10,13,16,17,20,23-25,27-32]. The flow
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chart of literature screeningis shown in Figure 1. Among
the 17 included studies, there were 3653 people who
had pre-hospital or in-hospital first aid implemented,
5939 people who had routine first aid measures imple-
mented, and 4683 (48.82%) men. All included studies
concerned pre-hospital first aid, and 5 studies added
hospital first aid measures on the basis of pre-hospi-
tal first aid. The quality of the included studies is high,
and 13 studies belong to high-quality studies. The basic
characteristics of the included studies are shown in
Table I.

Emergency time

Four studies reported the time from admission to
thrombolytic therapy and the time from rescue to pro-
fessional treatment. The results of meta-analysis on DNT
(Fig. 2A) showed that compared with conventional first
aid, pre-hospital/in-hospital first aid could effectively
shorten the time from admission to thrombolytic therapy
(MD =-22.63,95% Cl: —27.14, 18.11, p < 0.00001). After
excluding a study that only used pre-hospital emergen-
cy measures [11], the overall heterogeneity decreased
from 64% to 0%, and the results were still statistically
significant. The overall effect size was —24.30 (95% ClI:
-26.14,-22.23). Figure 2B shows the comparison results
of the time from calling for help to receiving professional
treatment between the two groups. Stroke patients who
had pre-hospital/in-hospital first aid implemented could
receive professional treatment faster (MD = -13.22,
95% Cl: —18.86, —7.58, p < 0.00001). After excluding
a study with low quality [28], the overall heterogeneity
decreased from 91% to 41%, and the overall effect size

Literature obtained by preliminary retrieval
(n=4374)

Repeated literature
(n=2901)

Y

Y

Preliminary inclusion of screening literature
(n=1473)

Excluding descriptive studies,
systematic reviews,
»|  conference summaries,
animal experiments, case
reports, etc.
(n=921)

\/
| Reading full text screening (n = 552) |

Elimination according
to inclusion and exclusion
criteria (n = 535)

Y

| Final inclusion of meta-analysis (n = 17) |

Fig. 1. Flow chart.
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was —9.33 (95% Cl: =11.52, —7.14), the difference was
statistically significant (p < 0.00001).

Emergency effect

Through the analysis of the effective rate, dis-
ability rate and mortality rate, it was found that
compared with conventional emergency measures,
pre-hospital/in-hospital emergency can significantly
improve the effective rate (RR = 1.50, 95% Cl: 1.28,
1.76, p < 0.00001; Fig. 3A), and decrease the dis-
ability rate (RR = 0.88, 95% Cl: 0.80, 0.96, p = 0.004,
Fig. 3B) and mortality (RR = 0.58, 95% Cl: 0.49, 0.70,
p < 0.00001; Fig. 4). From the subgroup analy-
sis of results of mortality, it can be seen that com-
pared with only pre-hospital emergency measures
(RR = 0.61, 95% Cl: 0.51, 0.74, p < 0.00001).
The effect of pre-hospital and in-hospital emergency
measures was more significant (RR = 0.38, 95% Cl:
0.21, 0.68, p = 0.001). In addition, the heterogeneity
analysis showed that the heterogeneity was small (0%,
0% and 46%, respectively), and the included studies
had good homogeneity.

Complications

Results of central brain fever and gastrointesti-
nal bleeding were reported in five studies. The re-
sults showed that pre-hospital/in-hospital emergen-
cy measures could reduce the incidence of central
brain fever and gastrointestinal bleeding complica-
tions. Compared with conventional emergency mea-
sures, the risk of central cerebral fever in the pre-
hospital/in-hospital emergency group was 0.44
(95% Cl: 0.27, 0.72, p = 0.0009; Fig. 5A); and
the risk of gastrointestinal bleeding was 0.44 (95% Cl:
0.26, 0.73, p = 0.002; Fig. 5B).

Prognostic activities
of daily living

A total of three studies reported the life ability of
patients with prognosis. Compared with the conven-
tional first aid group, the prognosis of stroke patients
with pre-hospital/in-hospital emergency measures
was better, and their daily living ability was improved,
with the overall effect of 16.56 (95% Cl: 10.78, 22.34,
p < 0.00001). The results of heterogeneity analysis
showed that the heterogeneity was large (> = 96%,
p < 0.00001), and the total effect size after sensitivi-
ty analysis was still statistically significant, suggesting
that the heterogeneity was relatively stable (see Fig. 6).

Discussion

In our study, compared with conventional emergen-
cy measures, patients with acute stroke who received
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pre-hospital first aid in the hospital can sig-
nificantly shorten the time from admission to
thrombolytic therapy by about 22.63 minutes,
and shorten the time from calling for help to
receiving professional treatment by about 13.22
minutes. The results of this study suggested
that the effect of effective pre-hospital and
in-hospital first aid was very obvious, and the
effective rate was 1.5 times that of convention-
al first aid. The disability rate and mortality rate
of patients were lower than those of patients
with acute stroke who received conventional
first aid. In addition, the incidence of complica-
tions (central cerebral fever and gastrointesti-
nal bleeding) was significantly lower than that
of the control group, suggesting that pre-hos-
pital and in-hospital emergency measures
are a protective factor for patients with acute
stroke. From the perspective of prognosis, the
daily living ability of patients with pre-hospital
and in-hospital first aid was improved, and the
Barthel index was higher. As far as we know,
this is the first systematic study to evaluate
the effect of pre-hospital care in patients with
acute stroke at home and abroad.

The results of this study are consistent with
previous studies, suggesting that early emer-
gency measures can improve the clinical results
and mortality of patients with acute stroke
[8,15,22]. A study of 15 subjects found that
intravenous thrombolysis within 60 minutes
after stroke was more likely to be discharged
[7]. Studies have shown that more than 50% of
the delay in the treatment time of stroke is due
to the admission procedure after admission
[9,26]. Therefore, shortening the time of first
aid for stroke patients is crucial. Some scholars
have shown that the time from admission to
injection of thrombolytic drugs can be short-
ened about 20-30 minutes by pre-hospital noti-
fication and rapid shunt to CT scanner [11,18].
The results of this study clearly show that the
reduction in treatment delay can be better
achieved only by optimizing all aspects of the
stroke emergency chain, although the evidence
for the effectiveness of these measures is not
yet clear, but thrombolysis rates in many coun-
tries indicate that more and more patients
are reaching hospital within the thrombolysis
time window [1]. It also provides a direction
for domestic medical institutions to optimize
pre-hospital and in-hospital emergency care for
patients with acute stroke.
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Table 1. Inclusion of the basic features of the study
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A Study or Pre-/In-hospital emergency Conventional emergency Weight Mean difference Mean difference
Subgroup Mean SD Total Mean SD Total (%) IV, Random, 95% CI 1V, Random, 95% ClI
Chen Yifei, 2019 5422 87 196 7842 102 167 38.2 —24.20[-26.17,-22.23] -

Deng Xianfeng, 2019 43.69 19.95 208 72.51 32.65 59 16.2 —28.82 [-37.58,-20.06] —

Wang Lijuan, 2018 42.29 15414 56 65.21 18.295 52 22,5 =22.92 [[—29433, -16.51] ——

ZhaoYang, 2021 55.68 13.06 36 71.07 1542 44 231 -15.39[-21.63,-9.15] —_—

Total (95% Cl) 496 322 100.0 -22.63 [-27.14, -18.11] E =

Heterogeneity: 12 = 12.88; %? = 8.41, df= 3 (p = 0.04); *= 64% N * * F
genery x v ) ° 20 -10 0 10 20

Test for overall effect: Z=9.82 (p < 0.00001)

Pre-/In-hospital emergencyConventional emergency

B Study or Pre-/In-hospital emergency Conventional emergency Weight Mean difference Mean difference

Subgroup Mean SD Total Mean SD Total % IV, Random, 95% ClI 1V, Random, 95% CI

Hu Zichun, 2011 46.28 1035 68 7192 19.27 52 21.9 -25.64[-31.43,-19.85] —=—

Li Ning, 2015 305 119 70 432 126 60 245 -12.70[-16.94,-8.46] —

Meng Yanijle, 2019 17.61 447 49 2641 458 49 27.6 -8.80[-10.59,-7.01] -

Wu Rong, 2011 3257 132 141 40.5 14 127 26.0 -7.93[-11.20,-4.66) ——

Total (95% ClI) 328 288 100.0 -13.22 [-18.86, —7.58] i

Heterogeneity: 12 = 29.12; 2 = 32.87, df = 3 (p < 0.00001); = 91% + + t +
=20 -10 0 10 20

Test for overall effect: Z = 4.59 (p < 0.00001)

Pre-/In-hospital emergency  Conventional emergency

Fig. 2. A) Results of DNT between admission and thrombolytic therapy group. B) Outcome of the call to

professional treatment time between the two groups.

A Study or Pre-/In-hospital emergency Conventional emergency Weight Mean difference Mean difference
Subgroup Events  Total Events  Total (%)  M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Shaoxiong Ying, 2015 36 40 26 40 34.8 1.38[1.08, 1.78] —
Wang Lijuan, 2018 54 56 34 52 472 1.47[1.20, 1.81] ——
Zhao Yang, 2021 22 36 15 44 18.1 1.79[1.10, 2.92] i
Total (95% Cl) 132 136 100.0 1.50[1.28, 1.76] “*>
Total events 112 75
Heterogeneity: x? = 0.94, df = 2 (p = 0.62); > = 0% - b - P + -
Test for overall effect: Z=5.00 (p < 0.00001) 01 02 0.5 1 2 5 10

Pre-/In-hospital emergency ~ Conventional emergency

Study or Pre-/In-hospital emergency Conventional emergency Weight Mean difference Mean difference
Subgroup Events  Total Events Total (%) M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Chen'Yifei, 2019 56 196 52 167 11.8 0.92]0.67,1.26] ——

Kunz, 2016 144 305 187 353 36.6 0.89[0.76, 1.04] -

Li Ning, 2015 38 70 43 60 9.8 0.76 [0.58, 0.99] —

Ma Yanhua, 2016 19 42 21 40 4.5 0.86[0.55, 1.34] —_—

Wu Rong, 2011 81 141 87 127 19.3 0.84[0.70, 1.01] ——

Zhong E, 2014 79 135 85 135 17.9 0.93[0.77,1.13] —c—

Total (95% Cl) 889 882 100.0 0.88 [0.80, 0.96] L

Total events 417 475
Heterogeneity: x? = 1.85, df = 5 (p = 0.87); > = 0%

Test for overall effect: 7= 2.86 (p = 0.004)

2 5 10
Conventional emergency

01 02 0.5
Pre-/In-hospital emergency

—

Fig. 3. A) Comparison of efficiency between the two groups. B) Comparison results of disability rate between

the two groups.

This study has certain limitations: 1) a number of
original studies included are single-centre studies, and
the selection of research objects and controls is not rep-
resentative to a certain extent, which is prone to bias;
2) the literature data come from different regions and
hospitals. There are some differences in pre-hospital
and in-hospital emergency measures for acute stroke
in medical centres, which cannot fully guarantee the
consistency of pre-hospital and in-hospital emergency
measures; 3) in addition, based on search strategies
and inclusion and exclusion criteria, only two foreign
studies were included in the final analysis, making the
results not sufficiently representative among non-Chi-
nese populations; 4) due to the lack of sufficient original
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studies, the evaluation indicators of this study are not
very comprehensive, such as the lack of evaluation of
onset to thrombolysis time, thrombolysis rate, patient
satisfaction and prognosis of limb movement.

Conclusions

In summary, the results of this study show that the
implementation of effective pre-hospital and in-hospi-
tal emergency measures in patients with acute stroke
can shorten the time for thrombolytic therapy, indicat-
ing that early emergency treatment can be transformed
into better treatment results, reduce disability rate
and mortality, and improve the prognosis of patients.
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Study or Pre-/In-hospital emergency Conventional emergency Weight Mean difference Mean difference
Subgroup Events  Total Events  Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
1.5.1. Pre-hosPital emer§ency

Hu Zichun, 2011 68 10 52 3.8 0.54[0.22,1.31] --
Kunz, 2016 17 305 37 353 11.4 0.53[0.31,0.92] —

Li Ning, 2015 5 70 12 60 43 0.36 [0.13, 0.96] —

Ma Yanhua, 2016 3 42 9 40 3.1 0.32[0.09, 1.09]

Shaoxiong Ying, 2015 2 40 8 40 2.7 0.25[0.06, 1.11]

Wendt, 2015 62 1804 173 4378 335 0.87[0.65, 1.16] -

Wu Rong, 2011 13 141 25 127 8.7 0.47[0.25, 0.88] —_—
Zhang Xiao, 2017 14 180 19 120 7.6 0.49[0.26, 0.94] _

Zhi Shaomin, 2018 4 53 15 53 5.0 0.27[0.09, 0.75]

ZhongE, 2014 12 135 23 135 7.6 0.52[0.27,1.01]

Subtotal (95% CI) 2838 5358 87.6 0.61[0.51, 0.74] *

Total events 139 331

Heterogeneity: x* = 13.65, df = 9 (p = 0.14); 1> = 34%

Test for overall effect: Z=5.11 (p < 0.00001)

1.5.2. Pre- and In-hospital emergency

Chen Yifei, 2019 10 196 7 167 2.5 1.22[0.47,3.13] B
Deng Xianfeng, 2019 1 208 2 59 1.0 0.14[0.01, 1.54] —
Wang Lijuan, 2018 0 56 4 52 15 0.10[0.01, 1.87] -
Yang Jie, 2017 4 90 22 90 7.3 0.18[0.07, 0.51] —_—
Subtotal (95% Cl) 550 368 12.4 0.38[0.21, 0.68] .

Total events 15 35

Heterogeneity: y? = 9.28, df =3 (p = 0.03); I = 68%

Test for overall effect: Z=3.25 (p = 0.001)

Total (95% Cl) 3388 5726 100.0 0.58 [0.49. 0.70] »

Total events 154 366

Heterogeneity: x? = 23.92, df = 13 (p = 0.03); I* = 46%

Test for overall effect: 7= 5.91 (p < 0.00001)
Test for subgroup differences: x? = 2.33, df = 1 (p = 0.13); 1> = 57.1%

0.002

1

Pre-/In-hospital emérgency

Fig. 4. Subgroup analysis results of mortality between the two groups.

10 500
Conventional emergency

A Study or Pre-/In-hospital emergency Conventional emergency Weight Mean difference Mean difference
Subgroup Events  Total Events Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Li Wen, 2015 15 180 20 120 53.0 0.5010.27,0.94] ——
Ma Yanhua, 2016 4 42 11 40 24.9 0.35[0.12, 1.00] —_—
Meng Yanjie, 2019 2 49 5 49 11.0 0.40[0.08,1.96]
Shaoxiong Ying, 2015 2 40 5 40 11.0 0.40[0.08, 1.94]
Total (95% Cl) 311 249 100.0  0.44[0.27,0.72] .

Total events 23 41
Heterogeneity: x? = 0.38, df = 3 (p = 0.94); I = 0%

Test for overall effect: Z=3.31 (p = 0.0009)

0.01

0.1
Pre-/In-hospital emergency

10 100
Conventional emergency

B Study or Pre-/In-hospital emergency Conventional emergency Weight Mean difference Mean difference
Subgroup Events  Total Events  Total (%) M-H, Fixed, 95% ClI M-H, Fixed, 95% Cl
Li Wen, 2015 10 180 15 120 43.9 0.4410.21, 0.96] -
Shaoxiong Ying, 2015 1 40 3 40 7.3 0.3310.04, 3.07] —
Yang Jie, 2017 9 90 20 90 48.8 0.45[0.22, 0.93] .
Total (95% Cl) 310 250 100.0 0.44 [0.26, 0.73] L
Total events 20 38
Heterogeneity: x? = 0.06, df = 2 (p = 0.97); * = 0% : s ; ;
Test for overall effect: 7=3.14 (p = 0.002) 0.002 0.1 1 10 500

Pre-/In-hospital émergency Conventional emergency

Fig. 5. A) Comparison results of central cerebral fever between the two groups. B) Comparison of gastroin-

testinal bleeding between two groups.

Study or Pre-/In-hospital emergency Conventional emergency Weight  Mean difference Mean difference

Subgroup Mean SD Total Mean SD Total (%) IV, Random, 95% CI 1V, Random, 95% CI

Hu Zichun, 2011 78.98 20.7 68 50.74 1524 52 25.8 28.24[21.81, 34.67] —
Yang Jie, 2017 7256 4.68 90 5743 375 90 37.4 15.13[13.89, 16.37] -

Zhang Xiao, 2017 66.8 7.6 180 57 7.2 120 36.8 9.80[8.10, 11.50] -

Total (95% CI 338 262 100.0 16.56 [10.78, 22.34 i
Heterégeneity): 12 =22.89; 42 = 44.94, df = 2 (p < 0.00001); /2 = 96% [ : ' " " "

Test for overall effect: Z=5.61 (p < 0.00001) -20 -10 0 10 20

Fig. 6. Comparison results of daily living ability between the two groups.
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Xiaoting Zhu, Rong Niu, Fangfang Bai, Zhufeng Zhang

The results of this study suggest that the better clin-
ical results of patients with acute stroke are related
to the early implementation of emergency measures,
and pre-hospital and in-hospital emergency care is
worthy of wide application in clinical practice. On the
other hand, based on some limitations of this study,
more large-scale multi-centre studies based on differ-
ent populations are needed to confirm the conclusions
of this study.
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