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ARTICLE INFO ABSTRACT

Background: The optimal airway management strategy for cardiac arrest remains unclear. This study aimed to
compare the effects of different initial airway interventions on improving clinical outcomes based on the 2010
cardiopulmonary resuscitation (CPR) guidelines and later.

Methods: We searched PubMed, EMBASE, and the Cochrane Library for CPR articles tailored to each database from
October 19, 2010, to July 31, 2021, to compare endotracheal intubation (ETI), supraglottic airway (SGA), or bag-
valve-mask ventilation (BMV). The initial results and long-term results were investigated by meta-analysis.
Ventilation modes Results: Twenty-five articles (n = 196,486) were included. The ROSC rate in the ETI group (ES = 0.49, 95% CI:
Outcome 0.38-0.59) was significantly higher than that in the SGA group (ES = 0.27, 95% CI: 0.20-0.34) and BMV group
Adult (ES = 0.24, 95% CI: 0.17-0.31). The rate of ROSC upon admission to the hospital in the ETI group (ES = 0.27,
Meta-analysis 95% Cl: 0.13-0.42) was significantly higher than that in the SGA group (ES = 0.18, 95% CI: 0.13-0.23) and
BMV group (ES = 0.16, 95% CI: 0.10-0.22). Compared with the BMV group (ES = 0.09, 95% CI: 0.04-0.14) and
the SGA group (ES = 0.08, 95% CI: 0.05-0.10), the ETI group (ES = 0.14, 95% CI: 0.10-0.17) had a higher discharge
rate, but all of the groups had the same neurological outcome (ETI group [ES = 0.06, 95% CI: 0.04-0.08], BMV
group [ES = 0.05, 95% CI: 0.03-0.08] and SGA group [ES = 0.04, 95% CI: 0.03-0.05]).

Conclusions: Opening the airway is significantly associated with improved clinical outcomes, and the findings
suggest that effective ETI based on mask ventilation should be implemented as early as possible once the patient
has experienced cardiac arrest.
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1. Introduction

Cardiopulmonary resuscitation (CPR) is the primary treatment for
cardiac arrest. With the accumulation of relevant clinical evidence, the
resuscitation guidelines have been continuously improved, and the suc-
cess rate of resuscitation has been continuously improved, but the prog-
nosis is still very poor. The American Heart Association (AHA) data
showed that the adult survival rate of out-of-hospital cardiac arrest
was 10.6%, while the adult survival rate of in-hospital cardiac arrest
was 23.8% [1].

After cardiac arrest is recognized, the prompt initiation of CPR is per-
haps the most important intervention to improve survival and neuro-
logical outcomes in a series of life recovery actions consisting of
compression, airway, breathing, and defibrillation [2]. Airway interven-
tion includes a series of progressive methods: compression-only, basic

* Corresponding author at: Clinical Nursing Teaching and Research Section, The Second
Xiangya Hospital of Central South University, Changsha, Hunan, China.
E-mail address: zhuaiqun74@csu.edu.cn (A. Zhu).

https://doi.org/10.1016/j.ajem.2022.04.027
0735-6757/© 2022 Elsevier Inc. All rights reserved.

mouth-to-mouth ventilation, and advanced endotracheal intubation
(ETI), which are selected according to the different situations, executors,
and patient conditions [3].

The mode of ventilation management could depend on the setting or
the etiology of the cardiac arrest. Previous meta-analyses of observa-
tional studies suggested that ETI had significantly better outcomes
than supraglottic airway (SGA) in terms of ROSC, survival to hospital ad-
mission, and neurologically intact survival of out-of-hospital cardiac ar-
rest patients [3,4]. Recently, the use of SGA has increased because SGA
insertion is easier to learn than ETI and is less interrupted during chest
compression. It seems to have advantages.

A network meta-analysis of randomized controlled trials suggested
that SGA improved the rate of ROSC compared with ETI or BMV [5].
However, an animal experiment observed that with the extension of re-
suscitation time, SGA placement caused a greater reduction of carotid
blood flow than endotracheal intubation [6]. An early large-scale clinical
study also showed that the result of SGA was worse than that of ETI [7].
Some studies reported that bag-valve-mask ventilation (BMV) was in-
dependently associated with increased odds of good neurological
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outcomes compared with SGA and ETI [8,9] and a higher rate of survival
to discharge of cardiac etiology patients [10] and nontraumatic cardiac
arrest patients [11].

Although confounding factors were fully considered in the pairwise
comparison of these meta-analyses, there were potential deviations in
the results, which may be because the samples were from different ver-
sions of CPR guidelines. Although international guidelines for cardiopul-
monary resuscitation (CPR) have been revised every 5 years since 2000,
there are few differences in the timing and mode of airway manage-
ment and ventilation. However, compared with the previous CPR guide-
lines, one of the most important evidence-based recommendations of the
2010 CPR guidelines [12] for the performance of basic life support in
adults was that following initial assessment, rescuers may begin CPR
with chest compressions rather than opening the airway and delivering
rescue breathing, and this sequence has continued to this day. To reduce
the potential impact of this sequence on the results, we performed a
meta-analysis based on CPR guidelines from 2010 and later, to compare
the effects of different initial airway interventions in improving survival
and neurological outcomes in patients with cardiac arrest.

2. Methods
2.1. Search strategy
We searched PubMed, EMBASE, and the Cochrane Library in accor-

dance with different combinations of MeSH terms and keywords tailored
to each database from October 19, 2010, to July 31, 2021. The search
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strings were as follows: PubMed, “cardiopulmonary resuscitation”[Mesh]
and filters ‘Clinical Conference, Clinical Study, Comparative Study, Obser-
vational Study, Randomized Controlled Trial, Humans, English, Adult: 19
+ years, from October 19, 2010 to July 31, 2021’; and EMBASE, cardiopul-
monary AND (‘resuscitation’/exp. OR resuscitation) AND ([adult]/lim OR
[aged]/lim) AND [humans]/lim AND [english]/lim AND [embase]/lim
AND [2010—2021]/py AND (‘balloon’ OR ‘balloon pump’ OR ‘endotra-
cheal tube’ OR ‘bag mask’ OR ‘laryngeal tube’ OR ‘manual emergency ven-
tilator’ OR ‘mask’ OR ‘mechanical ventilator’ OR ‘occlusion balloon
catheter’ OR ‘Airway device’ OR ‘Ventilator’ OR ‘video laryngoscope’).
We also read the relevant review articles to avoid missing any relevant lit-
erature. Only studies within the specified time frame (October 19, 2010 to
July 31, 2021) were considered for inclusion.

Two investigators independently scanned the titles and abstracts of
all documents and then imported the possible relevant documents into
EndNote X9 literature management software for further analysis. The
two researchers independently screened the literature in strict accor-
dance with the inclusion and exclusion criteria and finally cross-
checked the two screening results. In cases of divergence, a third person
was consulted for discussion and decision-making.

Eligible studies had to satisfy the following prespecified PICOS
criteria: P (population), patients who underwent CPR based on the
2010 CPR guidelines or CPR execution time after October 19, 2010,
and > 18 years of age; I (intervention), ventilation modes (BMV, SGA,
ETI); C (comparisons/comparators), None; O (outcomes), ROSC, ROSC
at admission to hospital, survival to discharge, good neurological out-
come; and S (study design), observational or clinical trials.

S
S PubMed EMBASE Cochrane
3 1738 455 13
=
=
)
=)
6 Duplicates excluded
A 4
Records identified
2200 2050 Records excluded by titles
and abstracts (pediatric CPR
g 143, extracorporeal CPR114,
=
g other CPR not related to this
® study 1793)
Total papers fully reviewed
150
97 Incomplete data or unclear
—
group
( ) | 2 Data after ROSC appears
v 2 Data from pediatric and adult
o .
§ Reports included 24 Data prior to 2010
2 25
—

Fig. 1. Flow diagram of literature search and selection of included studies for meta-analysis.
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Table 1
The Characteristics of included studies in this Meta-analysis
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Study Country Data time Age CPR Area CPR practitioner Sample size Outcomes (%)

ROSC AHROSC SD GNO
Park, 2021 - Dec. 2015 to Jun. 2019 215 OHCA EMS 344 - - 285 -
Yuksen, 2020 Thailand Nov. 2016 to Oct. 2017 - OHCA EMS 1070 18.6 - - -
Lupton, 2020 - - >18 OHCA EMS, Bystander 2565 34.5 26.1 9.4 58
Poppe, 2019 - July 2013 to Aug. 2015 >18 OHCA EMS, Bystander 525 32.0 19.2 5.0 -
Skulec, 2019 - Jun. 2018 to Mar. 2019 Adult OHCA EMS 18 66.7 44.4 - 333
Jinno, 2019 - Jan. 2011 to Dec. 2015 218 OHCA EMS 98,823 - 149 10.5 6.5
Bakran, 2019 - 2011 to 2017 Adult OHCA EMS 1247 - 18.0 - -
Wang, 2019 - Dec. 1, 2015 to Nov. 4, 2017 218 OHCA EMS 3004 - 26.1 9.4 6.1
Sakurai, 2019 Japan Jan. 2012 to Mar. 2013 218 OHCA EMS 12,867 - - - 2.6
Chang, 2019 - Apr. 2012 to Jul. 2015 >18 OHCA EMS 560 25.7 114 55 2.9
Benger, 2018 England Jun. 2015 to Aug. 2017 >18 OHCA EMS 9296 - 6.8 - 6.6
Kurz, 2018 North American  Jun. 1, 2011, to Jun. 30, 2015 Adults OHCA EMS, Bystander 35,038 - 26.0 9.6 6.0
Jabre, 2018 France, Belgian Mar. 9, 2015, to Jan. 2, 2017 218 OHCA EMS, Bystander 2040 321 30.7 53 43
Nepal, 2018 - Jul. 2012 to Jul. 2014 >14 IHCA EMS 157 389 - -
Bernhard, 2018 German Jan. 1, 2010 to Jun. 30, 2016 - OHCA EMS 25,659 45.1 38.0 10.3 7.6
Lien, 2018 Taiwan Jan. 2016 to Mar. 2017 Adult OHCA - 177 41.2 - 141
Fiala, 2017 Austria Sept. 2012 to Feb. 2014 - OHCA EMS 76 21.1 - 2.6
Chalkias, 2017 Greece - >18 OHCA EMS 300 86.0 - - -
Giinaydin, 2016 Turkey Apr. 2015 to Sept. 2015 218 OHCA EMS 98 61.2 235 12.2 -
Movahedi, 2016 Iran 2010 guideline 18-85 IHCA EMS 40 52.5 - - -
Benger, 2016 - - 218 OHCA EMS 615 - 30.9 9.2 -
Ono, 2015 Japan Jun. 2012 to Jan. 2013. - OHCA EMS 313 24.0 - 5.1 13
Maignan, 2015 France Mar. 2011 to Feb. 2012 54-80 OHCA EMS 82 - 134 24 -
Roth, 2015 Austria Jun. 2011 to Dec. 2012 218 OHCA EMS 469 14.7 12.6 34 3.0
Lee, 2015 Korea Jan. 2011 to Dec. 2013 - IHCA EMS 229 72.5 - 323 -

CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation; AHROSC: admission to hospital ROSC; SD: survival to discharge; GNO: good neurological outcome.

We excluded (1) combined pediatric and adult CPR data and (2) the
performance of CPR in special populations, including patients requiring ex-
ternal CPR or mechanical resuscitation or patients who had been intubated.

2.2. Data extraction

Standardized templates from the Cochrane Protocol were used to
extract study characteristics into a Microsoft Excel spreadsheet (au-
thors, publication year, geographic location, data collection date, age
range, ventilation modes, primary outcome, secondary outcome). The
two authors independently extracted information from each study
and resolved any differences through discussion. The main result vari-
ables were ROSC and ROSC at admission to the hospital (including
ROSC at ED arrival), and the secondary result variables were survival
to discharge and good neurological outcome. Data from studies without
specific data were excluded.

2.3. Quality assessments

According to the research types of the obtained articles, we used dif-
ferent tools to evaluate the risk of bias. For the clinical trials, we used the
modified Jadad scale [13], which includes 8 items, ranging from 0 (the
lowest quality) to 8 (the highest quality). Studies with scores of 6 or
more were considered high quality. Case-control studies and cohort
studies used the Newcastle-Ottawa Scale, which includes 8 items with
a full score of 9, and a score of 7 or more was considered a high-
quality study [14]. The two authors independently evaluated the quality
of each study and resolved any disagreements through discussion.

2.4. Statistical analysis

All included studies were observational or clinical trials. We put the
extracted clinical data into an Excel database for analysis using Stata
12.0. The data were divided into BMV, SGA, ETI and SGA + ETI groups.
Data on BMV, SGA, and ETI ventilation were entered into the BMV,
SGA, and ETI groups, respectively. Data using both SGA and ETI ventila-
tion were entered into the SGA + ETI group. Outcomes were ROSC,
ROSC at admission to the hospital, discharge survival, and good
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neurological function. Due to the heterogeneity of the studies, a
random-effects model was used to evaluate the heterogeneity of the
studies. Using the Cochrane Q test and the I? index, P < 0.05 was consid-
ered significant in the heterogeneity test. Publication bias was assessed
by using Begg's and Egger's tests.

3. Results
3.1. Included studies, study characteristics, and quality assessment

The initial searches identified 2206 articles (Fig. 1). A total of 1738
articles were screened from PubMed, 455 from EMBASE and 13 from

Table 2
Result of the Newcastle-Ottawa scale quality assessment of the observational studies.

Studies Newcastle-Ottawa Scale
Selection Comparability Outcome Total score  Grade

Park 2021 4 1 2 7 high
Yuksen 2020 4 1 3 8 high
Lupton 2020 4 2 1 7 high
Poppe 2019 3 1 2 6 medium
Skulec 2019 4 1 3 8 high
Jinno 2019 4 2 3 9 high
Bakran 2019 2 1 2 5 medium
Wang 2019 4 2 3 9 high
Sakurai 2019 4 2 3 9 high
Chang 2019 4 1 2 7 high
Kurz 2018 4 2 3 9 high
Jabre 2018 4 2 3 9 high
Nepal 2018 4 2 1 7 high
Bernhard 2018 4 1 2 7 high
Lien 2018 4 1 3 8 high
Chalkias 2017 4 1 3 8 high
Fiala 2017 3 2 2 7 high
Giinaydin 2016 2 2 2 6 medium
Movahedi 2016 4 1 2 7 high
Benger 2016 3 1 3 7 high
Ono 2015 4 2 2 8 high
Maignan2015 3 2 3 8 high
Roth 2015 2 2 3 7 high

Lee 2015 4 2 4 9 high
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the Cochrane Library. After checking their titles and abstracts, 150 stud-
ies remained. Of these, 125 articles were excluded because the data
were incomplete, the data included both children and adult patients,
or the data included results prior to 2010, and 6 duplicated articles
were removed. Although the American Heart Association defines car-
diac arrest in children as involving individuals younger than 18 years
of age, two articles with samples over the age of 14 were also included
in our study because cardiopulmonary arrest is rare in children [15]. A
total of 25 studies were finally included in the meta-analysis.

Table 1 displays the study characteristics and outcomes used in the
meta-analysis. Of the 25 studies, 22 were from OHCA, and 21 had CPR
performed only EMS. Two studies were from Japan [16,17]; 13 studies
were from Thailand, England, North America, France and Belgium,
Taiwan, Germany, Austria, Greece, Turkey, Iran, France, Austria, and
Korea [18-30]; and the other 10 studies were from unknown geograph-
ical locations [31-40]. The number of patients in each study ranged from
40 to 98,823, with a total of 196,486 patients in all 25 studies (median,
7859 patients), of which 69,319 patients received BMV, 96,390 patients
received SGA, 30,777 patients received ETI and 41,428 patients received

American Journal of Emergency Medicine 57 (2022) 60-69

SGA + ETI. Among all studies, the data collection time was after October
19, 2010, to ensure that CPR was performed in accordance with the
2010 CPR guidelines and later.

The 25 articles included one randomized controlled trial with a score
of 6 (modified Jadad score) and 24 observational studies (see Table 2 for
their quality evaluations). There were 3 articles graded medium and 22
articles graded high. Therefore, the overall quality of the literature base
was good.

3.2. Return of spontaneous circulation

Sixteen [17,18,21-27,29,30,32-34,38,39] studies reported the results
of the return of spontaneous circulation in different ventilation modes.
Meta-analysis was performed on the effect size combinations, indicat-
ing significant heterogeneity among studies (P < 0.0001, I*> = 98.9%).
Using the random effect model, the results showed that the ROSC rate
in the ETI group (ES = 0.49, 95% CI: 0.38-0.59) was significantly higher
than that in the BMV group (ES = 0.24, 95% CI: 0.17-0.31), SGA group
(ES = 0.27, 95% CI: 0.20-0.34) and SGA + ETI group (ES = 0.46, 95%

Study %
ID ES (95% Cl) Weight
BMV H
Lupton 2020 -0- 0.34 (0.30, 0.39) 453
Yuksen 2020 <+ 1 0.20 (0.17,0.22) 4.60
Chang 2019 - : 0.26 (0.22, 0.29) 457
Jabre 2018 R 0.34(0.31,0.37) 4.60
Fiala 2017 — : 0.17 (0.06, 0.29) 3.99
Roth 2015 —— ! 0.09 (0.03, 0.16) 4.40
Subtotal (I-squared = 94.5%, p = 0.000) L : 0.24 (0.17, 0.31) 26.69
1
SGA ;
Lupton 2020 0} 0.36 (0.33, 0.38) 4.60
Bernhard 2018 N 0.32(0.31,0.34) 4.63
Fiala 2017 —0—1— 0.26 (0.11, 0.40) 3.68
Ono 2015 - 0.24 (0.19, 0.29) 452
Roth 2015 - : 0.16 (0.12, 0.19) 457
Subtotal (I-squared = 95.7%, p = 0.000) \ 0.27 (0.20, 0.34) 22.01
1
ETI :
Lupton 2020 0-: 0.32(0.29, 0.35) 4.60
Jabre 2018 - 0.39 (0.36, 0.42) 459
Nepal 2018 —10— 0.39(0.31, 0.47) 433
Bernhard 2018 ) 0.48 (0.47, 0.48) 4.64
Lien 2018 Lo— 0.41(0.34,048) 436
Movahedi 2016 —_——— 0.52(0.37, 0.68) 3.58
Lee 2015 : E 0.73(0.67,0.78) 4.46
Yuksen 2020 - ! 0.16 (0.11, 0.20) 454
Chalkias 2017 : - 0.86(0.82,0.90) 4.56
Skulec 2019 | ——e—— 0.67(0.45,0.88) 292
Subtotal (I-squared = 98.9%, p = 0.000) :<>- 0.49 (0.38, 0.59) 4258
1
SGA+ETI :
Poppe 2019 - 0.32(0.28, 0.36) 4.56
Gunayd?n 2016 . — 0.61(0.52,0.71) 4.16
Subtotal (I-squared = 96.7%, p = 0.000) -ﬂ.‘il_‘_—::.-a- 0.46 (0.18, 0.75) 8.72
. |
Overall (I-squared = 98.9%, p = 0.000) q> 0.37 (0.31, 0.43) 100.00
NOTE: Weights are fro;n random effects analysis ; ]

-.899 0

.899

Fig. 2. Forest plot of the rate of return of spontaneous circulation.
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CI: 0.18-0.75), whereas the overall pooled ROSC rate was ES = 0.37,
95% Cl: 0.31-0.43, as shown in Fig. 2.

3.3. ROSC at admission to the hospital

Fourteen [19-22,28,29,32-38,40] studies reported the ROSC at ad-
mission to the hospital in different ventilation modes. Meta-analysis
was performed on the effect size combinations, indicating significant
heterogeneity among the studies (P < 0.0001, I> = 99.7%). Using a
random-effects model, the results showed that the ROSC at admission
to the hospital in the ETI group (ES = 0.27, 95% CI: 0.13-0.42) was sig-
nificantly higher than that in the BMV group (ES = 0.16, 95% CI:
0.10-0.22), SGA group (ES = 0.18, 95% CI: 0.13-0.23) and SGA + ETI
group (ES = 0.25, 95% CI: 0.20-0.31), whereas the overall pooled
ROSC at admission to the hospital was ES = 0.21, 95% CI: 0.17-0.25, as
shown in Fig. 3.

American Journal of Emergency Medicine 57 (2022) 60-69
3.4. Survival to discharge

Fourteen [20,22-24,26,28-33,37,38,40] studies reported the results
of survival to discharge in different ventilation modes. Meta-analysis
was performed on the effect size combinations, indicating significant
heterogeneity among studies (P < 0.0001, I> = 97.2%), and the results
showed that the survival to discharge rate in the ETI group (ES =
0.14, 95% CI: 0.10-0.17) was significantly higher than that in the BMV
group (ES = 0.09, 95% CI: 0.04-0.14), SGA group (ES = 0.08, 95% CI:
0.05-0.10) and SGA + ETI group (ES = 0.09, 95% CI: 0.06-0.12),
whereas the overall pooled survival to discharge rate was ES = 0.099,
95% Cl: 0.08-0.11, as shown in Fig. 4.

3.5. Good neurological outcome

The neurological status assessed via cerebral performance category
(CPC) with a good neurological outcome defined as CPC I-1I or modified

Study %
D ES (95% Cl) Weight
BMV :
Lupton 2020 1 0.32(0.27, 0.36) 3.77
Jinno 2019 OH 0.16 (0.16, 0.17) 3.96
Bairan 2019 s 0.17 (0.08, 0.26) 323
Chang 2019 - | 0.11(0.09, 0.14) 3.89
Kurz 2018 ® I 0.04 (0.03, 0.04) 3.95
Jabre 2018 |- 0.29 (0.26, 0.32) 3.8
Maignan 2015 — 0.12(0.02, 0.22) 3.12
Roth 2015 - 0.07 (0.01, 0.13) 384
Subtotal (l-squared = 99.1%, p = 0.000) <> 0.16 (0.10, 0.22) 29.45
1
SGA :
Lupton 2020 1% 0.25(0.23, 0.28) 3.90
Jinno 2019 . | 0.13(0.12, 0.13) 3.98
Bairan 2019 <+ 0.18 (0.16, 0.21) 3.90
Wang 2019 |- 0.28 (0.26, 0.30) 3.91
Benger 2018 * I 0.07 (0.08. 0.07) 3.98
Bernhard 2018 HO 0.25 (0.24, 0.27) 3.94
Maignan 2015 — 0.15 (0.04, 0.25) 3.02
Roth 2015 - | 0.14 (0.10, 0.17) 3.84
Subtotal (l-squared = 99.3%, p = 0.000) Lo 0.18 (0.13, 0.23) 30.43
1
ETI :
Lupton 2020 1% 0.25(0.22, 0.27) 3.89
Bakran 2019 - 0.18 (0.13, 0.23) 3.74
Wang 2019 I+ 0.24 (0.22, 0.26) 3.91
Benger 2018 . : 0.07 (0.08, 0.08) 3.96
Jabre 2018 " 0.33(0.30, 0.35) 3.88
Bernhard 2018 : & 0.41 (0.40, 0.41) 3.96
Benger 2018 | —— 0.32(0.26, 0.38) 3.58
Skulec 2019 b 0.44(0.21,0.67) 1.84
Subtotal (l-squared = 99.8%, p = 0.000) T 0.27 (0.13, 0.42) 28.56
1
SGA+ETI :
Poppe 2019 e 0.19 (0.16, 0.23) 3.85
Kurz 2018 | @ 0.27 (0.2, 0.27) 3.96
Benger 2016 | 0.20 (0.26, 0.35) 3.76
Subtotal (I-squared = 90.9%, p = 0.000) <> 0.25 (0.20, 0.31) 11.57
& 1
Overall (I-squared = 99.7%, p = 0.000) <> 0.21(0.17, 0.25) 100.00
NOTE: Weights are from random effects analysis :
T T
-874 0 874

Fig. 3. Forest plot of the rate of return of spontaneous circulation at admission to hospital.
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Study %
D ES (95% Cl) Weight
auv ;
Park 2021 . —— 0.24 (0.23.0.44) 166
Lupton 2020 . 0.22 (0.18,028) 3%
Chang 2019 -, 0.05 (0.04,0.07) 478
Kurz 2018 . ': 0.03 (0.02,0.03) 508
Fala2017 - 0.02 (-0.02, 007) 359
Maignan 2015 - 0.02 (0.02, 007) 359
Roth 2015 -, 0.03 (-0.01, 0.08) 405
Subtotal (l-squared = 95.3%. p = 0.000) <P 0.09 (0.04,0.14) 2670
$ 1
Park 2021 e 0.23 (0.18,029) 324
Lupton 2020 *> 0.08 (0.08, 0.09) 450
Wang 2019 - 0.11 (0.09,0.12) 490
Bernhard 2018 o, 0.05 (0.05, 0.08) 511
Fiala2017 -_-oe-‘: 0.03 (-0.03, 0.08) 324
Maignan 2015 -, 0.02 (-0.02, 007) 359
Roth 2015 + ! 0.04 (0.02, 0.05) 485
Subtotal (I-squared = 93.7%. p = 0.000) s 0.08 (0.05, 0.10) 2983
1
ETI X
Park 2021 o ————— 0.50(0.33,087) 079
Lupton 2020 . 0.08 (0.04,0.07) 458
Wang 2019 e 0.08 (0.07,0.09) 458
Bernhard 2018 . 0.11 (0.11,0.12) 512
Lien 2018 —— 0.14 (0.09, 0.19) 341
Benger2018 - 0.09 (0.05,0.13) 3%
Lee 2015 | —— 0.32 (0.28,0.38) 299
Subtotal (l-squared = 95.9%. p = 0.000) p 0.14 (0.10,0.17) 26.18
. 1
SGA+ETI !
Popps 2019 > 0.05 (0.03,0.07) 485
Kurz 2018 e 0.10 (0.10, 0.10) 512
Giinayd?n 2016 —— 0.12 (0.08,0.19) 283
Lupton 2020 - 0.09 (0.07,0.12) 448
Subtotal (I-squared = §3.6%. p = 0.000) <& 0.09 (0.08,0.12) 1728
s 1
Overall (Fsquared = 97.2%. p = 0.000) ¢ 0.09 (0.08,0.11) 100.00
NOTE: Weights are fom random e fects analysis :
T T
-689 0 £89

Fig. 4. Forest plot of the rate of survival to discharge.

Rankin score (MRS) with favorable neurological survival as <3. Twelve
studies [16,17,19-22,29,32,34,35,37,38] reported neurological out-
comes at discharge or one month, of which 7 were assessed by CPC.
Meta-analysis was performed on the effect size combinations, indicat-
ing significant heterogeneity among studies. Using a random-effects
model, the results showed that the good neurological outcome rate in
the ETI group (ES = 0.06, 95% CI: 0.04-0.08) and SGA + ETI group
(ES = 0.04, 95% CI: 0.01-0.08) was significantly higher than that in
the BMV group (ES = 0.05, 95% CI:-0.03-0.08) and SGA group (ES =
0.04, 95% CI: 0.03-0.05), as shown in Fig. 5. The overall pooled good
neurological outcome rate was ES = 0.0.05, 95% CI: 0.04-0.06.

3.6. Publication bias

Both Begg's test and Egger's test were conducted to assess the pub-
lication bias of the included literature. We observed potential publica-
tion bias with Begg's test (ROSC: P < 0.001; ROSC at admission to
hospital: P = 0.011; survival to discharge: P = 0.003; good neuro-
logical outcome: P = 0.398) (Fig. 6: A, B, C, D) and Egger's test

65

(ROSC: P < 0.001; ROSC at admission to hospital: P < 0.001; survival
to discharge: P = 0.278; good neurological outcome: P < 0.001)
(Fig. 6: E, F, G, H).

4. Discussion

This study reported the results from 25 published studies of more
than 190,000 people who underwent CPR using different ventilation
methods according to the 2010 CPR guidelines and later. The results
showed that ETI had a better effect on CPR than SGA and BMV, SGA
was better than BMV in terms of ROSC and admission ROSC, and the dis-
charge rate and neurological recovery of the BMV group were better
than those of SGA.

Previous CARES registry analysis by McMullan et al. demonstrated
that ETI was associated with a higher sustained ROSC rate (OR 1.35,
95% CI 1.19-1.54), survival to hospital admission (OR 1.36, 95% CI
1.19-1.55), hospital survival (OR 1.41, 95% CI 1.14-1.76) and discharge
with a good neurologic outcome (OR 1.44,95% CI 1.10-1.88) when com-
pared with cases managed via SGA [9]. Similarly, another analysis [7]
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Fig. 5. Forest plot of the rate of good neurological outcome.

found that ETI was associated with increased survival to hospital dis-
charge (adjusted OR 1.40, 95% CI 1.04-1.89), ROSC (adjusted OR 1.78,
95% Cl 1.54-2.04) and 24 h survival (adjusted OR 1.74, 95% CI
1.49-2.04).

These previous findings are all consistent with the results of this
meta-analysis. ETI had both good short-term and long-term effects on
the treatment of patients with cardiac arrest. It is generally believed
that after sudden cardiac arrest, there may be a sufficient oxygen reser-
voir to support the patient for approximately 4 min, and we do not rec-
ommend the routine use of passive ventilation techniques during
conventional CPR for adults, such as continuous delivery of oxygen or
air directly into the trachea [41]. Conversely, noncardiac sudden deaths,
such as sudden asphyxial death (respiratory problems), hypoxemia and
low blood flow before cardiac arrest, and reperfusion injury after ROSC,
may lead to an insufficient oxygen pool that cannot meet the needs of
the body [2]. The longer the cardiac arrest, the more the oxygen stored
in the tissue is exhausted, and the body's demand for oxygen increases.
In an animal experiment, higher minute ventilation resulted in better
outcomes of pig cardiac arrest with 8 min of untreated VF through a tho-
racic pump [42]. On the premise of priority compression, early effective
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ventilation may be a means to reduce or delay irreversible damage.
Therefore, the priority of ETI as the ventilation mode of CPR may be
more beneficial to patients with cardiac arrest because we do not
know the cause of cardiac arrest in most cases or how long CPR lasts if
conditions permit.

Comparing SGA with BMV, although the SGA group had better ROSC
and admission ROSC results and the BMV group had better neurological
recovery and discharge effects, this difference was very small. A re-
cent network meta-analysis also reported similar results, and there
was no significant difference in discharge and neurological outcomes
between the two [5]. We believe that the possible reason is that
some patients only received BMV, as the most basic and simplest
method of ventilation, and quickly resumed their spontaneous circu-
lation and spontaneous breathing without the need for advanced
airway management; thus, these patients often had better short-
term and long-term results.

We cannot ignore the higher incidence of ROSC after SGA compared
with BMV in this meta-analysis. SGA devices have become an important
tool for advanced airway management. Because its serious complica-
tions, such as pulmonary aspiration and loss of airway, are rare and
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Fig. 6. Publiation bias was evaluated by Begg's test: (A) return of spontaneous circulation (ROSC); (B) admission to hospital ROSC; (C) survival to discharge; (D) good neurological out-
come; and Egger's test; (E) ROSC; (F) admission to hospital ROSC; (G) survival to discharge; (H) good neurological outcome.

basically preventable, it is superior to BMV in ensuring effective airway
patency [43].

Therefore, this evidence further supports the Recommenda-
tions—Updated 2019 [44]: either BMV or an advanced airway strat-
egy may be considered during CPR for adult cardiac arrest in any
setting (Class 2b; Level of Evidence B-R); if an advanced airway is
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used, SGA can be used for adults with OHCA in settings with a low
tracheal intubation success rate or minimal training opportunities
for ETI placement (Class 2a; Level of Evidence B-R). In other
words, according to the five Levels of Evidence criteria [45], the pri-
ority for BMV is at third grade (Class 2b; Level of Evidence B-R),
weak, evidence from 1 or more RCTs, and SGA is at second grade

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en julio 19, 2022.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Y. Tang, M. Sun and A. Zhu

(Class 2a; Level of Evidence B-R), moderate, and evidence from 1 or
more RCTs [44].

We acknowledge that there is substantial heterogeneity in the in-
cluded literature, which may come from different performers of CPR
or the place where CPR occurred (in-hospital or out of hospital). It
was observed from the literature data (Table 1) that the ROSC rate
and discharge rate of CPR in hospital were significantly increased,
which should be due to the rapid CPR response and early advanced air-
way management in cases of cardiac arrest. However, a randomized
controlled trial [21] and a prospective observational study [46] both
failed to demonstrate any benefits of advanced airway management in
short-term and long-term cardiopulmonary resuscitation compared
with basic airway management, while ETI and SGA, as advanced airway
management, were supported as much as possible by this meta-
analysis, which is consistent with the 2019 guidelines [44].

5. Study limitations

This meta-analysis included 25 studies involving 14 countries, but
many study countries are unknown, so there is a certain bias in the anal-
ysis of the results, which may affect the generalizability of this study's
results. There are many differences among witness-bystander CPR,
transport and team CPR between OHCA and IHCA, so it is difficult to di-
rectly compare the resuscitation outcomes between OHCA and [HCA. Of
the 25 studies in this meta-analysis, only three were from IHCA, and the
total number of patients was 426. Therefore, we suggest further analyz-
ing the differences between OHCA and IHCA in a large sample in the fu-
ture. In addition, most of the included literature was in English, which
may have led to the loss of relevant observational or retrospective
data, so selection bias and recall bias were inevitable. Last, any type of
cardiac arrest was taken into account, which may also be a confounding
bias.

6. Conclusions

According to the 2010 CPR guidelines and later, endotracheal intuba-
tion has obvious advantages in improving short-term and long-term ef-
fects. In this review, supraglottic airway management was found to be
slightly better than mask ventilation for ROSC, but the opposite was
true for the discharge and neurological outcomes. Therefore, once the
patient has undergone cardiac arrest, it is recommended to implement
effective endotracheal intubation as early as possible based on mask
ventilation.
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