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Purpose: To obtain effective systemic blood flow and coronary perfusion by chest compres-
sions during cardiopulmonary resuscitation, it is recommended that the interruption time of 
chest compressions be kept to a minimum, and that the chest compression fraction (CCF) 
should be kept high. In this study, we examined the effects of advanced airway management 
by paramedics in out-of-hospital cardiac arrest (OHCA) cases on CCF and on return of 
spontaneous circulation (ROSC) before arrival at the hospital.
Participants and Methods: A total of 283 adult, non-traumatic OHCA cases who were in 
cardiopulmonary arrest at the time of EMS contact between April 2015 and March 2017 were 
registered for this study. We retrospectively investigated the presence or absence of advanced 
airway clearance, CCF and ROSC during CPR. CCF was calculated by measuring the chest 
compression interruption time from the ECG waveform recorded on a semiautomatic defibril-
lator (Philips HeartStart MRX). The data obtained were recorded on a computer, and compar-
isons between groups were examined using an untested t-test and χ2- test.
Results: Of the 283 patients with OHCA, 159 were included in the analysis. The CCF of the 
AAM group was 89.4%, which was significantly higher than that in the BMV group (84.3%) 
(P<0.01). Forty-one patients had ROSC at the time of arrival at the hospital, and the CCF of 
ROSC patients was 89.7%, which was significantly higher than that of non-ROSC patients 
(87.2%) (P<0.01). ROSC was also obtained in 31.8% of the patients in the AAM group, 
which was significantly higher than that in the BMV group (12.2%).
Conclusion: In this study, we found that advanced airway management during prehospital 
emergency transport by paramedics showed high CCF and ROSC rates and contributed to 
improving the prognosis of OHCA patients through high-quality resuscitation.
Keywords: cardio pulmonary resuscitation, endotracheal intubation, supraglottic airways 
devices, outcome

Introduction
More than 120,000 out-of-hospital cardiac arrest (OHCA) victims were transported 
to the emergency room in Japan in 2015.Their one-month survival rates are low at 
<10%,1 and improving prognosis of these cases is an urgent issue. “High-quality 
CPR” is key to improving the chance of survival for OHCA patients. Maintaining 
a high chest compression fraction (CCF; percentage of time patients received 
compressions through constant chest compressions) is considered a key factor in 
achieving return of spontaneous circulation (ROSC) of OHCA resuscitation.2,3 
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American Heart Association guidelines for cardiopulmon-
ary resuscitation recommend maintaining the CCF above 
80% during CPR.4

During prehospital resuscitation, rescuers may stop 
chest compressions for many reasons that are integral to 
patient care, such as ventilation, assessing heart rhythm 
and pulse, defibrillation, or tracheal intubation. Among 
them, the interruption time of chest compressions for 
ventilation may have a significant impact on CCF.5 Two 
methods are used for chest compressions and ventilation 
during cardiopulmonary resuscitation: synchronous CPR, 
a cycle of 30 uninterrupted chest compressions with 
a cycle of two ventilations or asynchronous CPR, and 
uninterrupted ventilation with advanced airway manage-
ment. Interruption for ventilation as synchronous CPR 
may have a significant impact on CCF. Advanced airway 
management with endotracheal intubation (ETI) or supra-
glottic airway devices (SGA) allows ventilation without 
interruption of chest compressions and is expected to 
increase CCF. However, the relationship between the 
effect of airway management in OHCA on actual CCF 
and patient outcomes is unknown. It has also been pointed 
out that ETI by paramedics in hospitals may worsen the 
prognosis of cardiac arrest patients6,7 The purpose of this 
study was to determine the optimal airway management 
strategy for prehospital care by paramedics by investigat-
ing the impact of prehospital advanced airway manage-
ment on CCF and ROSC in OHCA patients.

Materials and Methods
Study Design
This study included data from patients who experienced 
out-of-hospital cardiac arrest in Hakusan-Nonoich region, 
Ishikawa, Japan between April 2015 and March 2017. 
Patients who were already experiencing cardiac arrest at 
the time of EMS arrival and intervention were included in 
the study. All data were retrospectively collected from the 
Utstein style database of the Emergency Medical Services 
(EMS) of the Hakusan-Nonoichi fire department. Patient 
data was kept confidential.

Three to four emergency medical technicians (EMTs) 
in one ambulance were dispatched to the cardiac arrest 
event. At least one of the EMTs was a paramedic who was 
able to provide defibrillation, intravenous adrenaline, and 
advanced airway management by tracheal intubation or, 
alternatively, by supraglottic devices. Patients were trans-
ported to tertiary care hospitals, where standardized post- 

resuscitation care was provided according to predefined 
protocols. EMTs provided CPR according to the standard 
guidelines with emphasis on high-quality chest compres-
sions (rate 100–120 min−1, depth 5–6 cm, allowing full 
recoil of chest after each compression, and minimizing 
interruptions). The defibrillator pads were promptly con-
nected to check the rhythm and defibrillated if necessary. 
Before applying ETI or SGA, a synchronized 30-to-2 
compressions/ventilation ratio was attained, with ventila-
tion provided by a bag-valve-mask (BVM) with minima-
lized interruptions (within 10 seconds). The choice of 
airway management strategy was left to the judgment of 
paramedics. In cases where standard BMV was impossi-
ble, or in case of massive regurgitation of gastric contents 
during ventilation, ETI or SGA were recommended. After 
intubation, ventilation was delivered independently and 
asynchronously during uninterrupted chest compressions. 
Regardless of whether ETI or SGA was used, the time to 
secure the airway was always within 10 seconds of the 
cessation of chest compressions. No patients received 
mechanical CPR.

In this study, we compared the CCF during the entire 
active period and the ROSC rate before arrival at the 
hospital in two groups: the group ventilated only with 
BVM before the hospital (group BMV) and the group 
ventilated by the advanced airway (group AAM). The 
study was conducted in accordance with the guidelines 
outlined in the Declaration of Helsinki and study design 
was approved by an ethics review board of University of 
Toyama. Our ethical committee waived the requirement 
for obtaining informed consent from patients because of 
the retrospective and observational setting of the research.

Data Analysis
For the calculation of CCF, the chest compression inter-
ruption time was measured from the ECG waveform 
recorded using a semiautomatic defibrillator (Philips 
HeartStart MRX) during emergency service activities. 
A regular waveform with a constant amplitude (roughly 
100–120 times/min) was judged to be a chest compression 
waveform, and a time when only the ventricular fibrilla-
tion (Vf) waveform or other irregular baseline oscillations 
were seen was judged to be a chest compression interrup-
tion time. Measurements were taken twice by two 
researchers, and the average of the measurements was 
considered for analysis. Cases were excluded from the 
study when both researchers judged that chest compres-
sion time could not be measured from ECG recordings. 
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Chest compression time was calculated by subtracting the 
chest compression interruption time from the emergency 
operation time from the time of arrival at the patient’s side 
to the time of arrival at the hospital, dividing it by the 
emergency operation time. Categorical data were reported 
as percentages and compared using the chi-square test. 
Quantitative variables were reported as medians with inter-
quartile ranges (IQR) and were analyzed using the Mann– 
Whitney test. We used multivariable logistic regression to 
correct the results for the difference in baseline character-
istics of the patients. Statistical significance was set at 
P <0.05. Statistical analyses were performed using the 
JMP®Pro 14.2.0.

Results
A total of 283 cardiac arrest victims were transported to 
the emergency room during the study period. After exclud-
ing patients who were considered ineligible for resuscita-
tion, those that received first response by EMTs who could 
not use advanced airway devices, and those whose chest 
compression times could not be determined from the ECG 
records, 159 patients were included in the study. Advanced 
airway management was used in 110 of 159 patients 
(AAM group). The airway devices used were tracheal 
intubations in 50 cases, LTS in 58 cases, and i-gel in 2 
cases. The remaining 49 cases were resuscitated using 
normal bag-mask ventilation (BMV). (Figure 1)

The AAM group was significantly older and had 
a higher rate of adrenalin use than the BVM group. 
There were no differences between the two groups in 
terms of sex or witnessed cardiac arrest, presence of 
bystander CPR, shockable rhythm, probable cause of car-
diac arrest, training level of the responding ambulance 
crew, and duration of the resuscitation attempt. The CCF 
of the AAM group was 89.4%, which was significantly 
higher than the 84.3% in the BMV group. ROSC was 
obtained in 41 patients (25.8%) by the time they arrived 
at the hospital. In the AAM group, 31.8% achieved ROSC, 
which was significantly higher than the 12.2% in the BMV 
group. (Table 1)

The CCF of ROSC patients was 89.7%, which was 
significantly higher than that of non-ROSC patients 
(87.2%) (P<0.01). (Figure 2)

The logistic regression model was used to calculate the 
adjusted odds ratio (OR) with 95% confidence interval 
(CI) for ROSC with adjustments for age, adrenaline 
administration, and CCF.

Both CCF and adrenaline administration were asso-
ciated with achieved ROSC (OR 58.5, CI 4.43–1184, 
p=0.004 and OR 4.4, CI 1.79–12.1, p=0.002, respectively), 
but age was not associated with achieved ROSC (OR 0.15, 
CI 0.02–1.32, p=0.09)

Discussion
This study was designed based on the hypothesis that 
advanced airway management during prehospital CPR by 
paramedics contributes to efficient ventilation, continuous 
chest compressions, and increased CCF, which in turn 
contributes to improved outcomes for out-of-hospital car-
diac arrest patients. Several previous studies have reported 
changes in CCF with the use of advanced airway devices; 
however, the results have not been consistent. Malinverni 
et al reported that patients who were intubated did not 
have an associated increase in CCF over the entire dura-
tion of resuscitation when compared to patients managed 
with bag mask ventilation.8 Other studies have shown that 
the use of the supraglottic airway during OHCA increases 
CCF when compared to standard bag mask ventilation9,10 

Advanced airway management is advantageous in that it 
allows asynchronous ventilation during resuscitation and 
reduces interruption of chest compressions,11 the disad-
vantage is that, depending on the skill of the paramedic, 
securing the airway maneuver itself may take more time, 
which may in turn prolong the interruption of chest com-
pressions. Differences in the style of pre-hospital rescue 
service and hospital transport times in countries and 
regions may have contributed to the variability in 
results.12 In the present study, the effect of interruption 
of chest compressions by tracheal intubation or supraglot-
tic airway devices was not significant, and it was proved 
that interruption of chest compressions by asynchronous 
ventilation using advanced airway devices had a more 
favorable effect on CCF in prehospital rescue activities 
in Japan.

In the present study, CCF was above the guideline 
recommended value4 in more than 80% of both BMV 
and AAM groups. Although the difference in CCF 
between the two groups was not large in absolute terms, 
it was statistically significant. The results of the regression 
analysis suggested that a high CCF may be associated with 
the achievement of ROSC, even after excluding confound-
ing factors, suggesting that it is important to maintain 
a high CCF during CPR.

The relatively small difference in CCF between the two 
groups may be attributed to the short CPR time of about 
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20 minutes. The effect of chest compression interruption 
time due to asynchronous ventilation may be more pro-
nounced when performing longer CPR. Conversely, it has 
been reported that the high values of CCF are associated 
with low quality of CPR (especially the depth of chest 
compressions) and low survival rate,13 so the pros and 
cons of increasing CCF during prolonged CPR must be 
further investigated.

In recent years, randomized clinical studies have been 
conducted on the efficacy of various advanced airway secur-
ing devices for patients with OHCA. A randomized clinical 
trial on the effect of advanced airway clearance by parame-
dics on OHCA patients did not show the superiority of 

tracheal intubation compared with BVM ventilation.14 Low 
success rates for tracheal intubation by emergency services 
have been noted, which may have influenced these 
results.15,16 In the comparison between supraglottic devices 
and tracheal intubation for OHCA patient outcome, the eva-
luation is not consistent, with some reports showing a better 
prognosis with supraglottic devices17 and others showing no 
difference.18 There are no studies with a high level of evi-
dence for a direct comparison between supraglottic devices 
and bag-mask ventilation. In our study, a higher ROSC rate 
was obtained in the group with AAM, including tracheal 
intubation and supraglottic devices, than in the group with 
BMV, indicating that the use of advanced airway devices by 

All OHCA cases
N=283

Analysis cases
N=248

35 cases excluded
8 not considered eligible for resuscitation

27 responded by EMTs who can not use advanced airway  

Advanced airway management 
(AAM)
N=163

Bag mask ventilation 
(BMV)
N=86

52 cases excluded
can not measure CCF

AAM group
N=110

ETI 50
SGA 60

BMV group
N=49

37 cases excluded
can not measure CCF

Figure 1 Flow diagram of study enrollment. 
Abbreviations: OHCA, Out-of-Hospital Cardiac Arrest; EMT, emergency medical technician; CCF, chest compression fraction; ETI, end tracheal intubation; SGA, 
supraglottic airways
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paramedics may improve prognosis. One reason for this 
could be the increase in the CCF caused by AAM.

However, a limitation of this study is its retrospective 
observational design, owing to which the possibility of selec-
tion bias in the choice of airway management method cannot 

be ruled out. In this study, airway management technique was 
left to the discretion of each paramedic, so we cannot rule out 
the possibility that advanced airway management was pre-
ferentially selected in patients with a high probability of 
successful resuscitation. There may also be a confounding 
relationship between advanced airway management and 
adrenaline administration. Since it is difficult for a single 
person to manage the airway with bag-mask ventilation and 
simultaneously secure the intravenous route and administer 
drugs, adrenaline may have been administered only in cases 
where it was determined that there was a good chance of 
saving lives, and only after using an advanced airway. 
Another limitation is that we were not able to track long- 
term outcomes after hospitalization, therefore, we could not 
address the impact on final patient outcomes after hospital 
transport by EMS. It is necessary to accumulate more cases 
and investigate these issues in RCTs and other studies.

Conclusion
The use of advanced airway securing devices by parame-
dics for OHCA patients improves the quality of 

Table 1 Comparison of Characteristics of Patients, Chest Compression Fraction (CCF) and Return of Spontaneous Circulation 
(ROSC) Between Advanced Airway Management Group and Bag Mask Ventilation Group

Advanced Airway Management AAM 
(n=110)

Bag Mask Ventilation BMV 
(n=49)

p value

Age, median (IQR) 78 (62–84) 67 (58–79) 0.003

Sex (Men), No. (%) 60 (54.5%) 50 (46.8%) 0.261

Witnessed arrest, No (%) 36 (32.7%) 15 (30.6%) 0.792

Bystander resuscitation, No. (%) 66 (60%) 27 (55.1%) 0.563

Presenting rhythm, No. (%)

Asystole 83 (75.5%) 37 (75.5%)
Ventricular fibrillation/Pulseless VT 3 (2.7%) 2 (4.1%) 0.884

Pulseless electrical activity 24 (21.8%) 10 (20.4%)

Etiology (cardiogenic), No. (%) 43 (39.1%) 23 (47%) 0.354

Time from call to EMS arrival, median (IQR) 7min (6–8) 7min (6–9) 0.194

Number of EMTs available for intubation, median 

(IQR)

2 (1–2) 2 (1–2) 0.076

Transfer Time to hospital, median (IQR) 21min (15–25) 18min (14–24) 0.245

Adrenaline administration, No. (%) 74 (67.3%) 14 (28.6%) <0.001

Chest compression fraction, median (IQR) 89.9% (88–91) 84.5% (83–86) <0.001

Return of spontaneous circulation, No (%) 35 (31.8%) 6 (12.2%) 0.006

Abbreviations: IQR, interquartile range; VT, ventricular tachycardia; EMS, emergency medical service; EMT, emergency medical technician.

Figure 2 Comparison of chest compression fraction (CCF) between patients who 
achieved return of spontaneous circulation (ROSC) and those who did not (not ROSC).
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cardiopulmonary resuscitation by enabling high CCF. 
Additionally, high ROSC rates can be obtained, which 
may contribute to improving the prognosis of patients 
with OHCS. The results of this study are important for 
future research on optimal airway management strategies 
in prehospital care.
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