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ORIGINAL RESEARCH ARTICLE

Bag-Valve-Mask Ventilation and Survival  
From Out-of-Hospital Cardiac Arrest:  
A Multicenter Study
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Betty Y. Yang , MD, MS; Sarah Shaver, MD; Mary P. Chang, MD, MPH; Tom Rea, MD, MPH; Peter Kudenchuk , MD; 
Jim Christenson , MD; Christian Vaillancourt , MD, MSc; Clifton Callaway, MD, PhD; David Salcido , PhD; Jonas Carson; 
Jennifer Blackwood, MPH; Henry E. Wang , MD, MS, MPH

BACKGROUND: Few studies have measured ventilation during early cardiopulmonary resuscitation (CPR) before advanced 
airway placement. Resuscitation guidelines recommend pauses after every 30 chest compressions to deliver ventilations. 
The effectiveness of bag-valve-mask ventilation delivered during the pause in chest compressions is unknown. We sought 
to determine: (1) the incidence of lung inflation with bag-valve-mask ventilation during 30:2 CPR; and (2) the association of 
ventilation with outcomes after out-of-hospital cardiac arrest.

METHODS: We studied patients with out-of-hospital cardiac arrest from 6 sites of the Resuscitation Outcomes Consortium 
CCC study (Trial of Continuous Compressions versus Standard CPR in Patients with Out-of-Hospital Cardiac Arrest). 
We analyzed patients assigned to the 30:2 CPR arm with ≥2 minutes of thoracic bioimpedance signal recorded with a 
cardiac defibrillator/monitor. Detectable ventilation waveforms were defined as having a bioimpedance amplitude ≥0.5 Ω 
(corresponding to ≥250 mL VT) and a duration ≥1 s. We defined a chest compression pause as a 3- to 15-s break in chest 
compressions. We compared the incidence of ventilation and outcomes in 2 groups: patients with ventilation waveforms in 
<50% of pauses (group 1) versus those with waveforms in ≥50% of pauses (group 2).

RESULTS: Among 1976 patients, the mean age was 65 years; 66% were male. From the start of chest compressions until 
advanced airway placement, mean±SD duration of 30:2 CPR was 9.8±4.9 minutes. During this period, we identified 26 861 
pauses in chest compressions; 60% of patients had ventilation waveforms in <50% of pauses (group 1, n=1177), and 
40% had waveforms in ≥50% of pauses (group 2, n=799). Group 1 had a median of 12 pauses and 2 ventilations per 
patient versus group 2, which had 12 pauses and 12 ventilations per patient. Group 2 had higher rates of prehospital 
return of spontaneous circulation (40.7% versus 25.2%; P<0.0001), survival to hospital discharge (13.5% versus 4.1%; 
P<0.0001), and survival with favorable neurological outcome (10.6% versus 2.4%; P<0.0001). These associations persisted 
after adjustment for confounders.

CONCLUSIONS: In this study, lung inflation occurred infrequently with bag-valve-mask ventilation during 30:2 CPR. Lung 
inflation in ≥50% of pauses was associated with improved return of spontaneous circulation, survival, and survival with 
favorable neurological outcome.
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More than 400 000 out-of-hospital cardiac 
arrests (OHCAs) occur annually in the United 
States.1,2 Multiple, large-scale observational and 

experimental studies have informed cardiopulmonary 
resuscitation (CPR) guidelines on the best practices 
of delivering chest compressions, including rate, depth, 
and fraction (the proportion of time spent doing chest 
compressions).3–7 The findings have improved OHCA 
patient care and clinical outcome.1 In contrast to report-
ing chest compression metrics, ventilation metrics have 
not been investigated because there have been no 
readily available methods to routinely measure ventila-

tion in the out-of-hospital setting, especially during the 
initial and most important stages of resuscitation. Thus, 
it is uncertain whether the quality of ventilations or spe-
cific ventilation metrics are factors affecting patient 
outcomes.

Chest compressions alone do not generate sufficient 
tidal volume for adequate gas exchange.8–10 Therefore, 
professional responders usually give some form of res-
cue ventilation during CPR, often using a bag-valve-
mask (BVM) device with the goal of delivering enough 
volume to achieve visible chest rise as an indication of 
successful lung inflation. The tidal volume associated 
with detectable chest wall movement is estimated to be 
between 300 and 500 mL.11 Capnography can be used 
to determine whether ventilation is present; however, 
capnography is usually measured only after placement 
of an advanced airway, which typically occurs later in 
the advanced life support stage of CPR. There are no 
widely available technologies for detecting ventilations 
during BVM ventilation, the most crucial initial phase of 
resuscitation.

Thoracic bioimpedance recordings have been shown 
and validated to measure ventilation frequency dur-
ing CPR.12–15 When a person inhales and exhales, the 
chest wall expands and contracts, and thoracic electrical 
resistance oscillates, which is detected by changes in 
thoracic bioimpedance. During CPR, thoracic bioimped-
ance is captured through the defibrillator pads placed on 
the chest and recorded by the defibrillator. During 30:2 
CPR, chest compressions are paused, which prevents 
their concurrent confounding of the ventilation imped-
ance signal. One recent single-site pilot study used tho-
racic bioimpedance to count ventilations during OHCA 
and emergency medical services (EMS) 30:2 CPR, and 
found that the number of ventilations was associated 
with outcome.16

The objectives of this multicenter study were to deter-
mine the incidence of bioimpedance-detected ventilation 
waveforms during BVM ventilation in 30:2 CPR and to 
assess the association of detectable ventilation (lung 
inflation) with outcomes from OHCAs.

METHODS
Design and Setting
We conducted a secondary analysis of clinical and continu-
ous cardiac monitor data from 6 sites (Birmingham, AL; British 
Columbia, Canada; Dallas-Fort Worth, TX; King County, WA; 
Ottawa, ON, Canada; and Pittsburgh, PA) participating in the 
30:2 arm of the Resuscitation Outcomes Consortium (ROC) 
CCC clinical trial (Trial of Continuous Compressions ver-
sus Standard CPR in Patients with Out-of-Hospital Cardiac 
Arrest).17 Institutional review boards at participating sites 
approved the parent study under exception from informed con-
sent. These institutional review boards later approved the pres-
ent study.

Clinical Perspective

What Is New?
• The 30:2 strategy of cardiopulmonary resuscitation 

pauses chest compressions to optimize bag-valve-
mask ventilation. No previous studies have verified 
if ventilations are effectively delivered during such 
cardiopulmonary resuscitation pauses.

• In this analysis of data from the 30:2 arm of the 
ROC CCC trial (Trial of Continuous Compressions 
versus Standard CPR in Patients with Out-of-Hos-
pital Cardiac Arrest), we applied novel signal-pro-
cessing techniques to identify ventilations during 
chest compression pauses.

• In 60% of patients, lung inflation (ventilation) was 
detectable in <50% of pauses. Patients receiving 
detectable lung inflation in ≥50% of pauses had 
better clinical outcomes.

What Are the Clinical Implications?
• Bag-valve-mask ventilation is often ineffective dur-

ing cardiopulmonary resuscitation.
• Improving ventilation may lead to improved clinical 

outcomes.

Nonstandard Abbreviations and Acronyms

BVM bag-valve-mask
CCC  Trial of Continuous Compressions 

versus Standard CPR in Patients with 
Out-of-Hospital Cardiac Arrest

CPR cardiopulmonary resuscitation
ED emergency department
EMS emergency medical services
NS nonsignificant
OHCA out-of-hospital cardiac arrest
ROC Resuscitation Outcomes Consortium
ROSC return of spontaneous circulation
RR relative risk
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Two ROC sites did not participate in the ROC CCC study, 
and 2 sites used only ZOLL defibrillators, which were excluded 
from our study because the defibrillator recordings do not 
include a useable bioimpedance signal.

To minimize the possibility of unintentionally sharing infor-
mation that can be used to reidentify private information, a sub-
set of the data generated for this study is available at National 
Institutes of Health BioLINCC and can be accessed at https://
biolincc.nhlbi.nih.gov/studies/roc_ccc/.

Patient Population
The ROC CCC study used cluster-crossover randomization to 
assign EMS agencies to use either continuous chest compres-
sion CPR or 30:2 CPR (cycles of chest compressions inter-
rupted by ventilation in a ratio of 30 chest compressions to 
2 ventilations) before placement of an advanced airway. EMS 
crews (basic and advanced life support) used the assigned 
protocol for adults requiring CPR unless they had an obvious 
exclusion. EMS agencies were crossed over to the other arm 
twice per year. Details about cluster-crossover randomization 
are given in the parent trial publication and in the accompanying 
Supplemental Appendix.17 We limited the analysis to patients 
with OHCAs assigned to the 30:2 arm of the study from June 
2011 to May 2015 at the 6 ROC sites with files available from 
the LIFEPAK 12 [LP12] and LIFEPAK 15 [LP15] defibrillators 

[Physio-Control/Stryker], Redmond, WA) or the MRx defibril-
lator (Philips, Andover, MA). Patients were included if they had 
a nontraumatic cardiac arrest, were at least 18 years of age, 
and had defibrillator recordings with a minimum of 2 minutes 
of 30:2 CPR by EMS providers. Of the patients assigned to 
the 30:2 CPR arm from the 6 participating sites, we excluded 
patients who had a defibrillator other than LP12 or LP15 or 
the Philips MRx defibrillator applied during CPR. In addition, 
recordings sometimes could not be downloaded from the defi-
brillator or the file could not be identified in the site database 
(Figure 1). In addition, we excluded patients who received con-
tinuous chest compressions instead of the assigned 30:2 CPR 
or did not have obvious 30:2 CPR. We also excluded LP12, 
LP15, and MRx defibrillator files that lacked a usable recorded 
impedance signal or had <2 minutes of recorded 30:2 CPR. 
On occasion, an automated external defibrillator was applied 
before the arrival of a manual monitor/defibrillator. When an 
automated external defibrillator file was available, we included 
such data as chest compression metrics, initial cardiac rhythm, 
shocks or no shock advised, and start times. We combined the 
automated external defibrillator recording with the monitor/
defibrillator recording for the same patient to create one con-
tinuous recording for analysis. It is unfortunate that automated 
external defibrillators were unable to record bioimpedance ven-
tilation waveforms and that the first few minutes of ventilation 
data may be missing for some patients.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram: study cohort and exclusions.
30:2 refers to cycles of 30 chest compressions to 2 ventilations during CPR. CCC indicates Trial of Continuous Compressions versus Standard 
CPR in Patients with Out-of-Hospital Cardiac Arrest; CPR, cardiopulmonary resuscitation; LP, Physio-Control/Stryker LIFEPAK defibrillator 
(models LP12 and LP15); MRx, Philips MRx defibrillator; and ROC, Resuscitation Outcomes Consortium.
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Reviewers identified 1976 files that met our inclusion cri-
teria (Figure 1). We included ventilation data from the start of 
chest compressions until placement of an advanced airway. 
If an advanced airway was not placed (n=326), we analyzed 
the first 15 minutes of the recording from the start of chest 
compressions.

Ventilation Waveform Analysis
We previously developed and validated criteria specifying ven-
tilation bioimpedance waveform characteristics associated with 
lung inflation from patients with OHCAs who received 30:2 
CPR and attempted ventilation with a BVM device.15 We then 
developed computer software that incorporated the criteria for 
bioimpedance ventilation waveforms that could automatically 
identify ventilation waveforms from defibrillator recordings. A 
detectable bioimpedance ventilation waveform has a bioimped-
ance amplitude of ≥0.5 Ω, with a duration ≥1 s. Our ventilation 
detection method has a sensitivity of >90% and a positive pre-
dictive value of >90% compared with capnography.18–20

Previous studies showed that >250 mL is a reasonable 
minimum tidal volume that can result in gas exchange.21 The 
threshold of 250 mL approximates the minimum amount of 
tidal volume needed to overcome anatomical and physiological 
dead space and produce clinically meaningful gas exchange. 
We accordingly set the minimum bioimpedance waveform 
amplitude threshold to ≥0.5 Ω, which corresponds to ≥250 mL 
of tidal volume. We determined the bioimpedance amplitude/
tidal volume relationship in a laboratory setting in human volun-
teers,16 and it has also been validated in patients.22 In addition, 
the threshold of 0.5 Ω is large enough to be distinguished reli-
ably from artifact.15

We reviewed eligible defibrillator files manually to identify 
chest compression pauses with a duration of 3 to 15 s. We 
excluded pauses that were marked for special events, such as 
attempted defibrillation and rhythm and pulse checks.

Outcomes
We determined data elements about patient demographics, 
arrest circumstances, clinical care, and outcomes from dis-
patch, EMS, and hospital records using a standard data diction-
ary consistent with the Utstein template.

The primary outcome was survival to hospital discharge. 
Secondary outcomes were return of spontaneous circulation 
(ROSC) at any time, prehospital ROSC, ROSC on arrival at the 
emergency department (ED ROSC), survival to hospital admis-
sion, and survival with favorable neurological outcome (modi-
fied Rankin Scale score ≤3) at hospital discharge.

Statistical Analysis
We chose to perform a dichotomous analysis by prespecify-
ing 2 groups a priori for comparison: patients with at least one 
lung inflation waveform in <50% of chest compression pauses 
(group 1) versus patients who had at least one lung inflation 
waveform in ≥50% of chest compression pauses (group 2).

We determined descriptive statistics for witnessed status, 
initial cardiac rhythm, chest compression rate and fraction 
over the first 6 minutes of CPR, ventilation quality metrics, 
prehospital ROSC, ED ROSC, ROSC at any time, survival at 
discharge, and survival with favorable neurological outcome. 

We present summary results as mean±SD or median with 
25th percentile (Q1) and 75th percentile (Q3). For those with 
available data, we categorized the cases into 2 prespecified 
groups and compared them using unadjusted Poisson regres-
sion with a significance level of 0.05. We used a multiple 
Poisson regression model with robust standard errors to cal-
culate unadjusted and adjusted relative risk (RR) and 95% CI 
of the association between those with ventilation waveforms 
in <50% of pauses versus those with ventilation waveforms 
in ≥50% of pauses for prehospital ROSC, ROSC at any time, 
ED ROSC, admission to hospital, survival to hospital dis-
charge, and survival with favorable neurological outcome. The 
model contained potential confounding variables identified a 
priori, including age, sex, bystander-witnessed cardiac arrest, 
attempted bystander CPR, public location, first known EMS 
rhythm, and ROC site.

In addition, we determined dose-response relationships 
between the number of ventilations per pause and each of the 
outcomes (ROSC, hospital admission, survival at discharge, 
and survival with favorable neurological outcome [modified 
Rankin Scale score ≤3]) using natural cubic splines with a 
single knot point at ventilations per pause value of 1 using 
the library “splines” in the R statistical software package. All 
investigators, except the statistician (B.L.) and the database 
manager (J. Carson), were blinded to survival outcomes and 
other clinical data during the process of measuring ventila-
tion. All statistical analyses were performed with commercially 
available statistical packages (SAS, version 9.1.3, Cary, NC; 
R, version 2.5.1, Vienna, Austria; Stata, version 11, College 
Station, TX).

RESULTS
Of the 7190 patients assigned to the 30:2 CPR arm from 
the 6 participating sites, we excluded 1562 patients who 
had a defibrillator applied other than the LP12 or LP15 
or the Philips MRx defibrillator; 1117 patients were ex-
cluded if the recording could not be downloaded or could 
not be identified (Figure 1). In addition, 1070 patients 
were excluded because they received continuous chest 
compressions instead of the assigned 30:2 CPR or they 
did not have obvious 30:2 CPR. Another 1122 defibril-
lator files were excluded that lacked a usable recorded 
impedance signal and 343 cases had <2 minutes of 
recorded CPR. The analyzable cohort comprised 1976 
patients.

The overall mean patient age was 65 years, with a 
66% male predominance (Table 1). The mean±SD dura-
tion of 30:2 CPR was 9.8±4.9 minutes from the start 
of chest compressions until placement of an advanced 
airway. During this period, we identified a total of 
26 861 pauses in compressions in the 1976 individual 
patient files. Most patients (n=1177; 60%) comprised 
the group with lung inflation waveforms in <50% of 
pauses (group 1), whereas 799 (40%) had waveforms 
in ≥50% of pauses (group 2; Table 1). There were dif-
ferences between the 2 groups, in general, favoring 
group 2 regarding public location (18.0% versus 14.4%),  
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witnessed status (44.8% versus 38.9%), bystander CPR 
(52.2% versus 49.1%), and initial shockable cardiac 
rhythm (29.1% versus 20.9%; Table 1).

For group 1 and group 2, respectively, the median 
(Q1, Q3) number of pauses per minute was 1.3 (0.8, 1.8) 
versus 1.4 (0.9, 1.9 (nonsignificant [NS]), the median 
number of pauses over the time period assessed by the 
study was 12 (7, 19) versus 12 (7, 17; NS), whereas the 
median number of ventilations was 2 (1, 5) versus 12 (6, 
21; P<0.0001; Table 2). Furthermore, for group 1 versus 
group 2, respectively, the median duration of pauses was 
5.8 s (5.0, 6.7) versus 5.8 s (5.1, 6.8; NS). For group 1 
versus group 2, respectively, the interval from the first 
recorded chest compression to the first recorded ven-
tilation waveform was 170 s versus 56 s, median chest 
compression fraction was 0.78 (0.71, 0.84) versus 0.78 

(0.70, 0.83; NS), and median chest compression rate 
was 108 (102, 115) versus 109 (103, 117) compres-
sions per minute (NS). Advanced airway placement suc-
cess for group 1 versus group 2, respectively, was 73.1% 
versus 79.5%.

The 2 prespecified groups were compared using 
unadjusted Poisson regression. Those with ventilation 
waveforms in ≥50% of pauses had associated improved 
ROSC on ED arrival (30.7% versus 18.7%; P<0.0001), 
admission to hospital (32.0% versus 20.6%; P=0.0005), 
survival to hospital discharge (13.5% versus 4.1%; 
P<0.0001), and survival with favorable neurological out-
come (10.6% versus 2.4%; P<0.0001; Table 3).

Patient survival outcomes were also analyzed using 
unadjusted and adjusted multiple Poisson regres-
sion models with robust standard errors. Compared 
with patients with at least one lung inflation in <50% 
of pauses, patients who had at least one lung inflation 
in ≥50% of pauses had improved ROSC at ED arrival 
(unadjusted RR 1.6 [95% CI, 1.4–1.9]), survival to hos-
pital admission (unadjusted RR, 1.6 [95% CI, 1.3–1.8]), 
survival to hospital discharge (unadjusted RR, 3.3 [95% 
CI, 2.4–4.6]), and survival with favorable neurological 
outcome (modified Rankin Scale score ≤3; unadjusted 
RR, 4.4 [95% CI, 2.9–6.7]; Table 3). After adjustment, 
RR for ROSC at ED was 1.4 (95% CI, 1.2–1.6), RR for 
survival to hospital admission was 1.6 (95% CI, 1.1–1.5), 
RR for survival to hospital discharge was 2.2 (95% CI, 
1.6–3.0), and RR for survival with favorable neurological 
outcome was 2.8 (95% CI, 1.8–4.3; Table 3).

Table 1. Baseline Characteristics by Ventilation Group

Baseline characteristics 

<50% of 
pauses with 
ventilation 
(n=1177) 

≥50% of 
pauses with 
ventilation 
(n=799) 

Age, mean±SD 65.8±16.1 64.9±17.7

Male, % 68.3 61.9

Obvious cause of arrest,* % 3.6 4.0

Public location, % 14.4 18.0

Bystander witnessed, % 38.9 44.8

Bystander cardiopulmonary  
resuscitation, %

49.1 52.2

Dispatch to first emergency medical 
services arrival in minutes, mean±SD

5.8±2.5 5.8±2.7

Dispatch to first emergency medical 
services arrival ≤4 min, %

21.1 22.6

Dispatch to first advanced life support 
arrival in minutes,† mean±SD

8.2±4.4 8.5±4.4

Treated by advanced life support, % 97.4 98.5

Initial cardiac rhythm, %

  Ventricular tachycardia/ventricular 
fibrillation

20.9 29.1

  Pulseless electrical activity 15.9 19.1

  Asystole 50.3 39.9

  No shock advised 12.8 11.8

Site, %

  ARC 4.8 4.1

  DAL 22.7 20.2

  OTT 26.6 24.5

  PGH 20.3 13.0

  SKC 13.4 16.0

  VAN 12.2 22.2

*Obvious causes include but are not limited to drug poisoning, foreign body 
obstruction, terminal illness, and respiratory.

†For those cases with advanced life support on scene.
ARC indicates Alabama Resuscitation Center; DAL, Dallas-Fort Worth; OTT, 

Ottawa; PGH, Pittsburgh; SKC, Seattle/King County; and VAN, Vancouver/Brit-
ish Columbia.

Table 2. Treatment Characteristics by Ventilation Group

Treatment characteristics 

<50% of paus-
es with ventila-
tion (n=1177) 

≥50% of pauses 
with ventilation 
(n=799) 

Time interval from machine on to 
first compression (s), median (Q1, 
Q3)

47 (26, 77) 50 (25, 78)

Time interval from machine on to 
first ventilation (s), median (Q1, 
Q3)

244 (136, 398) 119 (71, 188)

Time interval from first compres-
sion to first ventilation (s), median 
(Q1, Q3)

170 (75, 324) 56 (19, 107)

Advanced airway successful, n/N 
(%)

857/1173 (73.1) 621/781 (79.5)

Chest compression fraction,  
median (Q1, Q3)

0.78 (0.71, 0.84) 0.78 (0.70, 0.83)

Chest compression rate, median 
(Q1, Q3)

108 (102, 115) 109 (103, 117)

Number of defined pauses, median 
(Q1, Q3)

12 (7, 19) 12 (7, 17)

Duration of defined pauses (s),  
median (Q1, Q3)

5.8 (5.0, 6.7) 5.8 (5.1, 6.8)

Number of ventilations, median 
(Q1, Q3)

2 (1, 5) 12 (6, 21)

Q1 indicates 25th percentile; and Q3, 75th percentile.
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Unadjusted and adjusted dose-response relation-
ships using natural cubic spline models demonstrate a 
positive dose-response relationship whereby an increas-
ing number of ventilations per pause (0–2) is associ-
ated with a greater likelihood of favorable outcomes 
(Figure 2).

DISCUSSION
Ventilation during OHCA resuscitation has been difficult 
to study during early phases of CPR because a method 
for measurement had been lacking. This investigation is 
the first multicenter study that measured bioimpedance 
ventilation waveforms during 30:2 CPR for OHCA and 
its association with survival outcomes. In this novel inves-
tigation, we showed that detectable ventilation occurred 
in only 40% of pauses overall. In patients who had mea-
surable ventilation in at least half of the pauses in 30:2 
CPR, there was an associated improvement in ROSC, 
survival to hospital discharge, and survival with favorable 
neurological outcome.

Bioimpedance as a Surrogate for Lung Inflation
Various aspects of ventilation in patients with OHCAs 
have been studied, such as the compression to venti-
lation ratio, ventilation frequency, and methods of ven-
tilation.23 Most OHCA studies have not attempted to 
measure lung inflation. The tidal volume associated with 
visually detectable chest wall movement is between 300 
and 500 mL.11 However, studies show that >250 mL is 
a reasonable minimum tidal volume that can result in gas 
exchange.18 Because bioimpedance can likely detect 
chest wall movement at lower volumes than visualization 
alone, we set a minimum bioimpedance waveform ampli-
tude threshold to 0.5 Ω to detect lung inflation of ≥250 
mL of tidal volume.16 We also found that reviewers could 
reliably distinguish this bioimpedance waveform ampli-
tude from artifact.15

Although some have used capnography to detect 
ventilation, this measurement typically becomes available 
only after advanced airway placement. In our study, the 
mean time interval for advanced airway placement was 
9.8 minutes after the start of CPR. Thus, capnography 
measurement usually does not include this vital interval 
during the initial phases of professional rescuer CPR. 
Most EMS protocols call for early placement of a defibril-
lator during CPR to detect the presence of a shockable 
rhythm. Hence, the advantage of bioimpedance for ven-
tilation measurement is that it is recorded as soon as the 
defibrillator chest pads are applied.

Adequate Ventilation by BVM
Our study showed a difference in the number of ventila-
tions between group 1 and group 2 patients (2 versus 
12 ventilations) during >9 minutes of 30:2 CPR, but the 
number of defined pauses between group 1 and group 
2 patients (12 versus 12 pauses) did not differ. This 
contrast between number of ventilations and pauses 
suggests that the rescuers in both groups attempted 
ventilation approximately the same number of times per 
patient, but these attempts frequently did not result in 
lung inflation. Thus, lung inflation cannot be assumed 
to have occurred during CPR with a BVM device, but 
it must be measured to understand fully the effect of 
ventilation on outcomes.

In this study, only 40% of patients received lung 
inflation in more than half of the pauses in chest com-
pressions, demonstrating that most pauses do not have 
detectable ventilation. This suggests overall poor oxy-
genation and ventilation during initial OHCA resuscita-
tion using a BVM device. Adequate ventilation through 
BVM remains a difficult skill to perform properly and 
must be practiced to maintain proficiency.24–26 To main-
tain an open airway, the person performing ventilation 
must extend the neck and perform a jaw thrust maneu-
ver or place an oral airway. In addition, a tight mask seal 

Table 3. Outcomes by Ventilation Group

Outcomes 

<50% of pauses with 
ventilation (n=1177), 
n/N (%) 

≥50% of pauses with 
ventilation (n=799), 
n/N (%) 

Difference 
(95% CI), % 

Unadjusted risk 
ratio (95% CI)* 

Adjusted  
risk ratio  
(95% CI)† P value 

Prehospital return of spontaneous 
circulation 

297/1177 (25.2) 325/799 (40.7) 15.5 1.6 (1.4–1.8) 1.3 (1.2–1.5) <0.0001

Return of spontaneous circulation at 
emergency department arrival

220/1176 (18.7) 244/794 (30.7) 12.0 1.6 (1.4–1.9) 1.4 (1.2–1.6) <0.0001

Any return of spontaneous circulation 345/1177 (29.3) 359/799 (44.9) 15.6 1.5 (1.4–1.7) 1.3 (1.2–1.5) <0.0001

Admitted to hospital 243/1177 (20.6) 256/799 (32.0) 11.4 1.6 (1.3–1.8) 1.3 (1.1–1.5) 0.0005

Survival to hospital discharge 48/1175 (4.1) 107/793 (13.5) 9.4 3.3 (2.4–4.6) 2.2 (1.6–3.0) <0.0001

Survival with mRS score ≤3‡ 28/1175 (2.4) 84/793 (10.6) 8.2 4.4 (2.9–6.7) 2.8 (1.8–4.3) <0.0001

*All P values are <0.0001.
†Adjusted for age, sex, bystander-witnessed cardiac arrest, attempted bystander cardiopulmonary resuscitation, public location, first known emergency medical ser-

vices rhythm, and Resuscitation Outcomes Consortium site.
‡mRS (modified Rankin Scale; favorable neurological outcome).
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on the face must be maintained to prevent air from leak-
ing around the mask, and the rescuer must then simul-
taneously squeeze the self-inflating bag for 1 to 1.5 s 

for each breath. In a simulation study, highly trained pre-
hospital providers delivered breaths and ventilation that 
did not meet guidelines for rate or tidal volumes for the 

Figure 2. Ventilations per pause and 
outcomes.
Association of the number of ventilations 
per pause vs outcomes using natural 
cubic spline models (unadjusted and 
adjusted): A, Probability (prob) of return 
of spontaneous circulation (ROSC) on 
arrival at the emergency department (ED) 
vs ventilations per pause (B) probability 
of hospital admission (admission) vs 
ventilations per pause (C) probability of 
survival to hospital discharge vs ventilations 
per pause (D) probability of mRS (modified 
Rankin Score) of 3 or less (favorable 
neurological outcome) vs ventilations 
per pause. Adjusted cubic spline models 
were adjusted for age, sex, bystander-
witnessed cardiac arrest, attempted 
bystander cardiopulmonary resuscitation, 
public location, first known emergency 
medical services rhythm, and Resuscitation 
Outcomes Consortium site.
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majority of patients, providing lower respiratory rates and 
lower volumes.27 BVM ventilation performance could be 
improved by having 1 rescuer maintain a tight facemask 
seal continuously while another rescuer squeezes the 
self-inflating bag.28 With 30:2 CPR, the chest compres-
sor could squeeze the self-inflating bag during interrup-
tions in chest compression. However, this is not possible 
during continuous chest compression CPR, and 3 res-
cuers may be required.

Ventilation and Clinical Outcomes
Our study reported detailed information regarding ven-
tilation during 30:2 CPR for OHCA and associations 
with clinical outcomes. We showed that ventilation in 
more than half of the pauses in chest compressions 
during 30:2 CPR for OHCA was associated with bet-
ter outcomes for ROSC, survival to hospital discharge, 
and survival with favorable neurological outcome. Fur-
ther analysis demonstrated a dose-response relation-
ship between the number of ventilations per pause and 
outcomes.

Oxygenation is important to sustaining vital organs, 
and, in resuscitation, the goal is to artificially provide such 
support until restoration of function. Although ventila-
tion may be omitted during the first few minutes of CPR 
because there is sufficient oxygen stored on hemoglo-
bin to last ≈4 minutes, as blood flow during CPR is only 
20% to 25% of baseline, at best; ventilation should prob-
ably be delivered soon after EMS arrival.29 Most patients 
have not received oxygen for 10 to 20 minutes by the 
time EMS arrives (time intervals for rescuer to recognize 
an emergency and to call 911 plus EMS response time 
interval, plus time interval to assemble the airway equip-
ment and to give a breath). Moreover, multiple previous 
studies have shown that passive ventilation associated 
with chest compressions is likely insufficient for gas 
exchange or oxygenation because chest compressions 
alone provide negligible tidal volume compared with 
dead space.8–10

In addition, multiple studies have indicated that 
early advanced airway management is associated with 
improved outcomes.30–32 This may be another reason 
group 2 patients had improved outcomes in our study, as 
they received more effective early BVM ventilation com-
pared with group 1 patients. Decreasing time to restore 
specific physiological functions to the normal steady 
state is key to mitigate the effects of post-cardiac arrest 
syndrome.33

Protocol Compliance
In the parent clinical trial, of those assigned to receive 
30:2 CPR, only 48% had CPR that was compliant with 
the 30:2 CPR protocol as indicated by having at least 1.5 
pauses/min in chest compressions.34 In the parent trial, 

the 30:2 CPR group had a mean of 1.3±0.7 pauses/
min. In our study, median pauses in chest compressions 
per minute for group 1 versus group 2, respectively, were 
1.3 (0.8, 1.8) versus 1.4 (0.9, 1.9; NS). Although some 
patients in our study received CPR that was not compli-
ant (had fewer pauses than expected) with the 30:2 CPR 
protocol, there was no difference in compliance between 
the 2 groups.

We did a sensitivity analysis of those patients who had 
chest compressions with ≥1.5 pauses/min during 30:2 
CPR (ie, received CPR that was compliant with the 30:2 
CPR protocol; data not shown). The analysis showed an 
association of improvement for all outcomes with ventila-
tion waveforms in ≥50% of pauses in chest compression 
and is comparable to the findings in group 2 of the main 
cohort.

Future Work
Our study reported detailed information regarding venti-
lation during 30:2 CPR for OHCAs, including ventilation 
incidence and frequency and the number and duration 
of pauses. Future studies are needed to evaluate these 
metrics when continuous chest compression CPR is used 
and the effect of ventilation metrics on patient survival 
outcomes during an OHCA. This is especially important 
because EMS frequently uses continuous chest com-
pression CPR before and after advanced airway place-
ment according to guideline recommendations. Clinical 
trials are urgently needed comparing ventilation strate-
gies during early CPR and their effects on survival.

A portable spirometer has recently been developed 
that can be used in the EMS out-of-hospital setting, and 
a manufacturer has developed a spirometer that can be 
coupled with its defibrillator. These devices make it pos-
sible to obtain more detailed measurement of ventilation 
metrics than was previously possible during early CPR.

Limitations
The defibrillator files were from 2 device manufacturers. 
Several brands of defibrillator either did not record bio-
impedance or the recording was of insufficient quality. 
We excluded patients who were randomly assigned to 
the 30:2 CPR group if they received continuous chest 
compression CPR, the defibrillator could not record tho-
racic bioimpedance or the recording could not be locat-
ed, and some patients had <2 minutes of recorded 30:2 
CPR. Some patients received CPR that was not compli-
ant with the 30:2 CPR protocol.

In addition, this study is a secondary observational 
analysis of data from a clinical trial that addresses a 
question that was not the purpose of the original trial. 
Associations between ventilation and outcomes may 
not represent causal effects. Given the retrospective 
and observational study design, we cannot account for  
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residual confounding whereby undetected ventilation 
may be a marker for some other causal patient or care 
characteristics responsible for outcome differences. A 
high body mass index may affect bioimpedance ampli-
tude inversely and could affect detection of ventilation 
waveforms. Such patients may be more difficult to ven-
tilate, and the observation of poor initial ventilation and 
outcome may reflect such factors.

These limitations should be balanced against the 
strengths of the study, in having drawn data from a high-
quality multicenter clinical trial, and the outcomes of which 
were adjusted for EMS response interval, quality of CPR, 
bystander CPR rates, initial cardiac rhythm, and other 
confounders. In addition, we used an automated program 
to annotate ventilation waveforms. This increased con-
sistency and reproducibility of the review and reduced 
potential bias. Finally, all investigators, except the stat-
istician (B.L.) and database manager (J. Carson), were 
blinded to survival outcomes and other clinical data dur-
ing the course of measuring ventilation metrics.

Conclusions
This novel multicenter study demonstrates that lung in-
flation occurs infrequently with BVM ventilation during 
30:2 CPR for OHCAs. Ventilation with measurable lung 
inflation in ≥50% of pauses was associated with signifi-
cantly increased rates of ROSC, survival, and increased 
likelihood of favorable neurological outcome.
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