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AbsTrACT
background Predefibrillation end- tidal CO2 
(ETCO2) may predict defibrillation success and 
could guide defibrillation timing in ventricular 
fibrillation (VF) cardiac arrest. This relationship has 
only been studied using advanced airways. Our aim 
was to evaluate this relationship using both basic 
(bag–valve–mask (BVM)) and advanced airways 
(supraglottic airways and endotracheal tubes).
Methods Prehospital patient records and 
defibrillator files were abstracted for patients with 
out- of- hospital cardiac arrest in Ontario, Canada, 
with initial VF cardiac rhythms between 1 January 
2018, and 31 December 2019. Analyses assessed 
the relationship between each predefibrillation 
ETCO2 reading and defibrillation outcomes at the 
subsequent 2 min pulse check (ie, VF, asystole, 
pulseless electrical activity (PEA) or return of 
spontaneous circulation (ROSC)), accounting for 
airway types used during resuscitation. Multivariable 
logistic regression evaluated the association 
between the first documented predefibrillation 
ETCO2 and postshock VF termination or ROSC.
results Of 269 cases abstracted, 153 had 
predefibrillation ETCO2 measurements and were 
included in the study. Among these cases, 904 
shocks were delivered and 44.4% (n=401) had 
predefibrillation ETCO2 measured. The first ETCO2 
reading was more often from BVM (n=134) than 
advanced airways (n=19). ETCO2 readings were 
lower when measured through BVM versus advanced 
airways (30.5 mm Hg (4.06 kPa) (±14.4 mm Hg 
(1.92 kPa)) vs 42.1 mm Hg (5.61 kPa) (±22.5 mm Hg 
(3.00 kPa)), adjANOVA p<0.01). Of all shocks with 
ETCO2 reading (n=401), no difference in preshock 
ETCO2 was found for subsequent shocks that 
resulted in persistent VF (32.2 mm Hg (4.29 kPa) 
(±15.8 mm Hg (2.11 kPa))), PEA (32.8 mm Hg 
(4.37 kPa) (±17.1 mm Hg (2.30 kPa))), asystole 
(32.4 mm Hg (4.32 kPa) (±20.6 mm Hg (2.75 kPa))) 
or ROSC (32.5 mm Hg (4.33 kPa) (±15.3 mm Hg 
(2.04 kPa))), analysis of variance p=0.99. In the 
multivariate analysis using the initial predefibrillation 
ETCO2, there was no association with VF termination 
on the subsequent shock (adjusted OR (adjOR) 0.99, 
95% CI 0.97 to 1.02, p=0.57) or ROSC (adjOR 1.00, 
95% CI 0.97 to 1.03, p=0.94) when evaluated as a 
continuous or categorical variable.
Conclusion Predefibrillation ETCO2 measurement 
is not associated with VF termination or ROSC when 
basic and advanced airways are included in the 
analysis. The role of predefibrillation ETCO2 requires 

careful consideration of the type of airway used 
during resuscitation.

InTrOduCTIOn
Ventricular fibrillation (VF) is the presenting cardiac 
rhythm in over 20% of all out- of- hospital cardiac 
arrests (OHCAs) and has up to a 12- fold increased 
likelihood of survival compared with other presenting 
rhythms.1 There is conflicting evidence regarding the 
optimal timing of VF defibrillation delivery.2 3 Some 
animal and human trials have shown evidence for 
delayed defibrillation in favour of an extended period 
of cardiopulmonary resuscitation (CPR) to improve 
myocardial perfusion before defibrillation.4–7 Other 
trials, however, have shown no such benefit when 
compared with early defibrillation.8 9 The 2020 Amer-
ican Heart Association guidelines recommend imme-
diate initial defibrillation over extended CPR and 
delayed defibrillation.10

Predefibrillation end- tidal CO2 (ETCO2) has 
emerged as a potential tool to guide the optimal timing 

WHAT Is AlreAdy knOWn On THIs TOpIC
 ⇒ Recent literature suggests that predefibrillation 
end- tidal CO2 (ETCO2) measured using 
advanced airways may predict defibrillation 
success in ventricular fibrillation cardiac 
arrest. Although bag–valve–masks (BVMs) 
are frequently used in cardiac arrest, ETCO2 
measurements from BVMs have not been 
included in previous studies.

WHAT THIs sTudy Adds
 ⇒ This study incorporates both basic airway and 
advanced airway management when evaluating 
the association between predefibrillation 
ETCO2 and shock success. There was no 
difference in subsequent rhythms according 
to preshock ETCO2. We found no statistically 
significant relationship between the first 
documented predefibrillation ETCO2 reading 
and defibrillation success.

HOW THIs sTudy MIgHT AffeCT reseArCH, 
prACTICe Or pOlICy

 ⇒ ETCO2- guided defibrillation should not be used 
in situations without advanced airways, and 
clinicians should interpret ETCO2 obtained from 
BVMs cautiously.
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of defibrillation.11–14 Several groups have studied the association 
between the ETCO2 value prior to defibrillation and the likelihood 
of termination of VF/pulseless ventricular tachycardia (pVT) and 
return of spontaneous circulation (ROSC) after defibrillation. One 
study found that in patients with ETCO2 of <7 mm Hg (0.93 kPa), 
no shocks were successful at terminating VF, and in patients with 
ETCO2 of >45 mm Hg (6.00 kPa), all shocks were successful.11 All 
four studies concluded that higher predefibrillation ETCO2 was 
associated with a significantly higher likelihood of achieving ROSC, 
with two of the studies showing a higher likelihood of achieving 
ROSC only after the first defibrillation.11–14

Many factors have been shown to augment ETCO2 levels during 
cardiac arrest including chest compression quality metrics, such as 
depth and rate.15 16 Murphy et al showed that a 10 mm increase 
in compression depth and 10 compression/min increase in rate 
increased ETCO2 by 4.0% and 1.7%, respectively.15 There are 
also distinct ETCO2 trajectories over the course of resuscitation in 
patients who achieve ROSC compared with those who do not.17 
Porcine models have demonstrated that ETCO2 may represent 
several haemodynamic factors during cardiac arrest, including 
myocardial perfusion pressure, which may be critical to early VF 
termination.18 19 Therefore, given that ETCO2 is known to be clini-
cally modifiable in resuscitation, it represents a promising target for 
optimisation prior to defibrillation to increase the likelihood of VF 
termination and ROSC.

Although previous studies on this topic have measured predefibril-
lation ETCO2 through an endotracheal tube (ETT) or supraglottic 
airway (SGA), none have included a bag–valve–mask (BVM). Given 
that current advanced cardiac life support (ACLS) guidelines recom-
mend immediate cardiac rhythm analysis and defibrillation, the 
time to initial defibrillation may not be sufficient for ETT or SGA 

placement. The utility of predefibrillation ETCO2 as a marker for 
VF defibrillation success may be limited if this relationship is not 
evaluated for ETCO2 measurements through a BVM.

The primary objective of this study was to assess the relation-
ship between the first documented predefibrillation ETCO2 values 
(from BVM or advanced airways) and defibrillation outcomes. The 
secondary objective was to determine whether predefibrillation 
ETCO2 measurements differ when measured through BVM versus 
advanced airways (ie, SGA or ETT).

MeTHOds
study setting and data abstraction
This is a retrospective multicentre study with data abstracted from 
two regional paramedic services in Southern Ontario, Canada, Peel 
Regional Paramedic Service and Halton Region Paramedic Service. 
These regions have a mix of urban and rural areas with a combined 
population of two million. Peel Regional Paramedic Service and 
Halton Region Paramedic Service responds annually to approxi-
mately 120 000 and 50 000 calls, respectively.

We abstracted prehospital electronic patient care records (EPCRs) 
and associated defibrillator files for all patients who had OHCA 
with an initial VF cardiac rhythm between 1 January 2018 and 
31 December 2019. The following cases were excluded from the 
study: <18 years of age, do not resuscitate order, traumatic cardiac 
arrest and absence of recorded ETCO2. Standard demographic and 
Utstein variables were collected for each case. Sample size was prag-
matic, based on the number of cases meeting the inclusion criteria.

Paramedics in these services are required to use quantitative 
ETCO2 as a primary confirmation method of successful placement 
of an advanced airway. Measurement of ETCO2, while taught as 

figure 1 Flow diagram of included patients. DNR, do not resuscitate; ETCO2, end- tidal CO2.
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good practice, is ultimately the discretion of the treating paramedics 
when using a BVM.

defining predefibrillation eTCO2 and outcomes
All ETCO2 readings were recorded with the use of mainstream 
technology. Predefibrillation ETCO2 readings were measured auto-
matically by the defibrillator software (Zoll X series defibrillator; 
Zoll Medical, Chelmsford, Massachusetts, USA) by calculating the 
average reading over the preceding 30 s. We abstracted the ETCO2 
reading immediately preceding each defibrillation along with the 
type of airway used for the measurement. All cardiac rhythms 
and ROSC (defined as the presence of an organised rhythm on 
the defibrillator file accompanied by paramedic documentation of 
palpable pulse or blood pressure on the EPCR) were determined 
based on the attending paramedic’s assessment and documenta-
tion in the patient care record. The outcome of each defibrillation 
attempt was defined using the paramedic’s documented result (VF, 

pulseless electrical activity (PEA), asystole or ROSC) on the next 
pulse check, after shock delivery and 2 min of CPR according to 
current ACLS guidelines. Termination of VF was defined as conver-
sion to any cardiac rhythm other than VF on the subsequent pulse 
check. A maximum of 10 shocks were recorded for each case. 
CPR quality metrics were measured using the impedance channel 
measures contained within the Zoll X Series defibrillators. Preshock 
and postshock pause data were abstracted from the defibrillator files 
by evaluating compression timing in relation to defibrillation.

data analysis
We used descriptive statistics to examine the study population and 
to make basic group- level univariate comparisons. Bivariate anal-
yses were performed using Student’s t- test, Welch t- test or anal-
ysis of variance (ANOVA) for continuous variables and χ2 test for 
categorical variables. Predefibrillation ETCO2 was compared based 
on defibrillation outcomes (ie, PEA, asystole, persistent VF or 
ROSC) in two ways using ANOVA: (1) including all 401 shocks 
and (2) including the first available shock with a preceding ETCO2 
reading for each case. Cases excluded from the study due to missing 
predefibrillation ETCO2 measurements were compared with study 
cases based on Utstein variables.

The relationship between predefibrillation ETCO2 and VF 
termination or ROSC was evaluated using multivariable logistic 
regression to examine the association between the first paramedic 
predefibrillation ETCO2 reading for each case and the subsequent 
defibrillation outcome (ie, firefighter and public access defibrillation 
was not evaluated). Logistic regression analyses were performed 
incorporating predefibrillation ETCO2 as a continuous variable as 
our primary analysis and divided into equally distributed tertials 
as a secondary analysis. ETCO2 was assessed as a continuous vari-
able as this provides the most informative analysis of the relation-
ship between ETCO2 and our outcomes of interest. Non- linearity 
of the relationship between ETCO2 and outcomes was assessed 

Table 1 Utstein variables for all cases based on availability of predefibrillation ETCO2 values
patient characteristics Total cases predefibrillation eTCO2 measured predefibrillation eTCO2 not measured p value

Total cases 269 153 116

Age (years), median (IQR) 63 (53–74) 64 (53–73) 63 (54–75) 0.88

Male, n (%) 211 (78.4) 121 (79.1) 90 (77.5) 0.88

ROSC at ED arrival, n (%) 129 (48.0) 61 (42.1) Missing=8 68 (64.2) Missing=10 < 0.01

Treatment characteristics

  Advanced airway used, n (%)Missing=2 187 (70.0) 111 (73.0) 75 (65.2) 0.17

  ETT, n (% of advanced airways) 143 (76.5) 86 (77.5) 57 (76.0)

  SGA, n (% of advanced airways) 44 (23.5) 25 (22.5) 18 (24.0) 0.81

  Epinephrine given, n (%) 223 (82.9) 139 (90.8) 84 (72.4) < 0.01

  Total amount of epinephrine (mg), median (IQR) 4.0 (2.0–5.0) 4.0 (3.0–6.0) 3.0 (2.0–4.0) < 0.01

  Amiodarone given, n (%) 136 (50.6) 103 (67.3) 33 (28.4) < 0.01

  Total amount of amiodarone (mg), median (IQR) 300 (300–450) 450 (300–450) 300 (300–450) 0.02

  Sodium bicarbonate given, n (%) 30 (11.2) 25 (16.3) 5 (4.3) < 0.01

  Total amount of sodium bicarbonate (mEq), median (IQR) 50 (50–50) 50 (50–50) 50 (50–50) 0.13

  Calcium gluconate given, n (%) 18 (6.7) 12 (7.8) 6 (5.2) 0.53

  Total amount of calcium gluconate (mg), median (IQR) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 0.35

  Median time to EMS arrival (m:s) (IQR) 7:00 (5:00–9:00) 7:00 (6:00–9:00) 7:00 (5:25–9:00) 0.91

  Median time to first ETCO2 analysis from scene arrival (m:s) (IQR) 3:42 (2:41–5:00) 3:49 (2:46–5:07) 3:29 (2:35–5:00) 0.68

  Median shocks per patient (IQR) 3.0 (2.0–4.0) 4.0 (3.0–6.0) 2.0 (1.0–3.0) < 0.01

  Total shocks (all cases) 904

CPR quality metrics

  Chest compression rate (per min), median (IQR) 109.6 (106.1–114.8) 109.7 (106.1–114.2) 109.0 (106.1–115.6) 0.77

  Chest compression depth (cm), median (IQR) 5.8 (5.1–6.4) 5.8 (5.3–6.4) 5.8 (5.1–6.1) 0.09

  Chest compression fraction, median (IQR) 83.2 (77.6–86.9) 84.6 (78.5–86.9) 82.0 (76.5–6.6) 0.32

  Preshock pause (s), median (IQR) 1.0 (1.0–3.0) 1.0 (1.0–3.3) 1.0 (1.0–3.0) 0.96

  Postshock pause (s), median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 0.48

CPR, cardiopulmonary resuscitation; ED, emergency department; EMS, emergency medical services; ETCO2, end- tidal CO2; ETT, endotracheal tube; ROSC, return of spontaneous circulation; SGA, supraglottic airway.

Table 2 Preshock ETCO2 readings based on subsequent shock 
results and airway used during measurement for cases included in the 
regression analyses.
subsequent shock result preshock eTCO2 reading

Persistent VF (n=98) 32.0 mm Hg (kPa) (±16.6 mm Hg (kPa)) adjANOVA p=0.87

PEA (n=8) 24.5 mm Hg (kPa) (±17.0 mm Hg (kPa))

Asystole (n=27) 32.0 mm Hg (kPa) (±13.6 mm Hg (kPa))

ROSC (n=20) 27.5 mm Hg (kPa) (±12.6 mm Hg (kPa))

Airway used preshock eTCO2 reading

Bag–valve–mask (n=134) 30.5 mm Hg (4.07 kPa) (±14.4 mm Hg 
(1.92 kPa))

adjANOVA p<0.01

Advance airway (n=19) 42.1 mm Hg (5.61 kPa) (±22.5 mm Hg 
(3.00 kPa))

Analysis of variance adjusted for shock number.
ETCO2, end- tidal CO2; PEA, pulseless electrical activity; ROSC, return of spontaneous circulation; VF, ventricular 
fibrillation.
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by examining ETCO2 as a second- order variable. We included a 
predefined secondary analysis categorising ETCO2 into equally 
distributed tertials according to convention from previously 
published studies. Only cases with complete data for all covariates 
were included in the multivariable regression analysis. Due to sample 
size constraints, we did not account for repeat measures within the 
same patient, and only the first measured predefibrillation ETCO2 
for each case was used in the multivariate regression. Regression 
models were developed starting with a set of a priori determined 
covariates and then proceeding with a backward stepwise regression 
approach (online supplemental appendix A). The type of airway 
used during ETCO2 measurement was forced into all models as a 
covariate and was assessed for effect modification as an interaction 
term. Minimisation of model Akaike Information Criterion (AIC) 
was used to determine covariate elimination.

patient and public involvement
Patients and the public were not directly involved in the design, 
conduct, reporting or dissemination plans of this study.

resulTs
Of the 343 cases identified for review, 269 cases remained after 
exclusion criteria were applied. Of the 269 cases abstracted, 116 
cases were removed for only measuring ETCO2 after all shocks 
were administered. The final case count was 153 (figure 1). The 
median age of the cohort was 63 (IQR 53–74) years and 78.9% of 
cases were male (table 1). ROSC on ED arrival was achieved in 48% 
of the cases. The total number of shocks recorded was 904 with a 
median of 3.0 (IQR 2.0–4.0) shocks per patient.

Table 1 shows the comparison of Utstein variables between cases 
with predefibrillation ETCO2 measurements (n=153) and the cases 
excluded for not having any predefibrillation ETCO2 measurements 

(n=116). Cases with no predefibrillation ETCO2 were significantly 
more likely to have ROSC at ED arrival (68% vs 61%, p<0.01) 
than cases with a predefibrillation ETCO2 measurement. They were 
also less likely to have epinephrine (72.4% vs 90.9%, p<0.01), 
amiodarone (28.4% vs 67.9%, p<0.01) or sodium bicarbonate 
(3.4% vs 16.9%, p<0.01) administered and had fewer median 
shocks per case (2.0 vs 4.0, p<0.01).

Predefibrillation ETCO2 measurements were recorded for 44.4% 
(401/904) of all shocks. Predefibrillation ETCO2 was measured 
more frequently through a BVM (73.3%, 294/401) than through 
either an SGA (13.7%, 55/401) or ETT (13.0%, 52/401). Of all 
predefibrillation ETCO2 measurements recorded, 76.1% (305/401) 
occurred after the second shock (online supplemental appendix C). 
Advanced airways were inserted before hospital arrival in 187/269 
(69.5%) patients.

When considering only the first predefibrillation ETCO2 reading 
for each patient, values were significantly lower when measured 
through a BVM than an advanced airway (mean ETCO2BVM 
–30.5 mm Hg (4.07 kPa) (±14.4 mm Hg (1.92 kPa)) (n=134) 
vs mean ETCO2SGA/ETT –42.1 mm Hg (5.61 kPa) (±22.5 mm Hg 
(3.00 kPa)) (n=19), adjANOVA p<0.01 adjusted for shock number; 
between- group difference ETCO2SGA/ETT–BVM–11.6 mm Hg (1.55 kPa) 
(±7.54 mm Hg (1.01 kPa))) (table 2). Advanced airway use and 
ETCO2 measurement were more likely to occur after the second 
shock (online supplemental appendix C). Of all ETCO2 measure-
ments recorded with an advanced airway, 86.9% (93/107) occurred 
after the second shock (ie, before the third shock).

Including all predefibrillation measurements, results showed 
that mean ETCO2 by airway type were BVM –30.1 mm Hg 
(4.01 kPa) (±14.3 mm Hg (1.91 kPa)), SGA –37.0 mm Hg 
(4.93 kPa) (±19.6 mm Hg (2.61 kPa)), ETT –40.3 mm Hg (5.37 kPa) 
(±19.0 mm Hg (2.53 kPa)) (figure 2). There was no difference 

figure 2 Predefibrillation ETCO2 measurements according to airway type used for measurement. ETCO2, end- tidal CO2. copyright.
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in mean ETCO2 for shocks that resulted in VF (mean 32.2 mm 
Hg (4.29 kPa) (±15.8 mm Hg (2.11 kPa)) (n=268)), PEA (mean 
32.8 mm Hg (4.37 kPa) (±17.1 mm Hg (2.28 kPa)) (n=27)), asystole 
(mean 32.4 mm Hg (4.32 kPa) (±20.6 mm Hg (2.75 kPa)) (n=62)) 
or ROSC (mean 32.5 mm Hg (4.33 kPa) (±15.3 mm Hg (2.04 kPa)) 
(n=44)), ANOVA p=0.99 (figure 3).

Of the 153 cases included in the regression analyses, 134 cases 
had predefibrillation ETCO2 measured using a BVM, and 19 were 
measured using an advanced airway. Sensitivity analyses found 
these two groups were comparable except that cases with ETCO2 
measured through BVM had significantly lower time to initial 
ETCO2 measurement (7:42 vs 12:08, p<0.01) (online supple-
mental appendix B). Predefibrillation ETCO2 assessed as a contin-
uous variable was not associated with VF termination (adjOR 0.99, 
95% CI 0.97 to 1.02, p=0.57) or ROSC (adjOR 1.00, 95% CI 0.97 
to 1.03, p=0.94) (table 3). Three equally distributed tertials were 
created to evaluate ETCO2 as a categorical variable (T1: <26 mm 
Hg (3.47 kPA), T2: 26–36 mm Hg (3.47–4.80 kPA), T3: >36 mm Hg 
(4.80 kPa)). When predefibrillation ETCO2 was assessed as a cate-
gorical variable, we again found no association with VF termination 
(T2 adjOR: 1.33, 95% CI 0.55 to 3.20, p=0.53; T3 adjOR 1.13, 95% 
CI 0.46 to 2.76, p=0.80–T1 reference; ETCO2 group significance 
p=0.82) or ROSC (T2 adjOR 1.05, 95% CI 0.33 to 3.37, p=0.94; 
T3 adjOR 1.07, 95% CI 0.31 to 3.66, p=0.91–T1 reference; ETCO2 
group significance p=0.99) (table 3). Airway type was not a signifi-
cant effect modifier in any models (ANOVA, ETCO2 evaluated as a 
continuous variable: VF termination model p=0.52, ROSC model 
p=0.81; ETCO2 evaluated as a categorical variable: VF termination 
model p=0.98, ROSC model p=0.39). Amiodarone use was the 
only significant covariate identified when predefibrillation ETCO2 

was assessed as a continuous variable (adjOR 0.34, 95% CI 0.15 to 
0.77, p=0.01).

dIsCussIOn
We did not find an association between the first documented 
predefibrillation ETCO2 values and VF termination or ROSC 
measured as either a continuous or categorical variable. We also 
did not find a difference in predefibrillation ETCO2 and shocks 
resulting in PEA, asystole, persistent VF, or ROSC. This was consis-
tent when analyses included all available ETCO2 readings, as well 
as when only the first available measurement was used. This is in 
contrast to previous studies using only advanced airways which 
have shown that predefibrillation ETCO2 for all shocks can predict 
defibrillation success resulting in VF termination or ROSC.11–14 Our 
ability to measure predefibrillation ETCO2 readings through BVM 
and SGAs, in addition to ETT, is an important distinguishing factor 
and strength of our study that may explain the difference in results.

The body of literature examining the use of ETCO2 during cardiac 
arrest has typically focused on advanced airways.20 Early defibrilla-
tion success, however, is the most important in determining a good 
patient outcome, and including early defibrillation attempts is essen-
tial for determining the utility of ETCO2 in predicting defibrillation 
success in clinical practice.10 21 Failure to include BVM ventilations in 
previous analyses may limit the clinical applicability of these studies. 
Exclusive measurement of ETCO2 through advanced airways could 
also suggest that they were inserted before the first defibrillation. 
Delays in defibrillation due to advanced airway placement before 
the first defibrillation may have resulted in higher ETCO2 values 
which may skew the results of this analysis but ultimately are known 
to result in worse neurological outcomes.22 The distinct differences 

figure 3 Predefibrillation ETCO2 measurements according to defibrillation result. ETCO2 measurements recorded through all airway types are 
included. ETCO2, end- tidal CO2.
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in ETCO2 measurements when using advanced airways compared 
with BVM has important implications on the utility of ETCO2 in VF 
cardiac arrest. By including these measurements, we also included 
early shocks, which may not have been included in previous studies. 
Because of the frequent use of BVM early in resuscitation, our study 
offers an important and realistic representation of the ETCO2 and 
shock success relationship in current clinical practice.

ETCO2 measurements from BVM were significantly lower 
across almost all shocks when compared with measurements 
recorded through an advanced airway (figure 3). This trend was 
also seen consistently as resuscitation progressed and demon-
strated an overall early increase (until approximately the third 
shock) and subsequent decline. We considered two possible reasons 
for this observation. First, poor BVM mask seal may lead to air 
leakage and falsely decreased ETCO2 readings. A simulated study 
of paramedics found significantly lower ETCO2 readings from 
BVM compared with various supraglottic devices and air leakage 
due to a poor BVM mask seal, suggesting inaccurate readings.23 
Although the effectiveness of different prehospital airway devices 
continue to be debated,24 advanced airways likely provide more 
consistent and accurate readings of ETCO2. Second, lower BVM 
ETCO2 measurements may be attributed to BVM use earlier during 
resuscitation. Einav et al measured the ETCO2 tracing during the 
resuscitation of patients in VF/pVT and found that patients with 
ROSC were more likely to have an increasing ETCO2over time.17 
Early ETCO2 measurements through a BVM may preferentially 

collect lower values compared with advanced airways. Use of 
ACLS medications and prolonged CPR may also increase ETCO2 
as resuscitation proceeds.25 However, when our regression analyses 
included airway type as a covariate or interaction term, they were 
not statistically significant. This may suggest that the relationship 
between ETCO2 and VF termination or ROSC may be complex, 
influenced by many factors beyond just the airway type used to 
measure ETCO2.

In our study, the median time to first ETCO2 measurement was 
3.7 min (IQR 2.6–5.0). Of the 269 cases, only 56.9% (153/269) 
had any predefibrillation ETCO2 measured, mostly due to ROSC 
or arrival at ED before any ETCO2 was measured. Our compar-
ison of cases with and without predefibrillation ETCO2 measure-
ments found that cases without predefibrillation ETCO2 were likely 
shorter, with fewer shocks and ACLS medications delivered, and 
were more likely to have ROSC at ED arrival. We suspect that 
paramedics focused on high- quality CPR and early defibrillation 
and that ETCO2 measurement and advanced airway placement 
were frequently left until after the second shock or later. Current 
evidence suggests that these are the highest yield interventions for 
patients in OHCA.10 If predefibrillation ETCO2 is proposed as a 
marker for the optimal timing of VF defibrillation,11–14 a measure 
of CPR quality and patient prognostication, a more easily accessible 
and reliable measure is likely required. Only then will we be able 
to gradually move away from the current algorithmic approach to 
ACLS management. Given the equivalent outcomes between the 

Table 3 Unadjusted univariate analyses and adjusted logistic regression evaluating predefibrillation ETCO2 as a continuous variable (top panel) 
and as categorical variables (tertials) (bottom panel)

Variable Orunadj (95% CI) p value Oradj (95% CI) p value

Association between ETCO2 (continuous variable) and VF termination

  ETCO2 value (per 5 mm Hg (0.67 kPa)) 0.99 (0.90 to 1.10) 0.92 0.97 (0.87 to 1.08) 0.58

  Advanced Airway (SGA or ETT) (reference: BVM) 1.24 (0.46 to 3.30) 0.67 0.78 (0.27 to 2.21) 0.64

  Amiodarone used 0.49 (0.24 to 0.99)* 0.05 0.34 (0.15 to 0.77)* 0.01

  Epinephrine used 1.57 (0.47 to 5.29) 0.46 3.50 (0.89 to 13.82) 0.07

Association between ETCO2 (continuous variable) and ROSC

  ETCO2 value (per 5 mm Hg (0.67 kPa)) 1.00 (1.00 to 1.00) 0.38 0.99 (0.84 to 1.17) 0.91

  Advanced airway (SGA or ETT) (reference: BVM) 0.71 (0.15 to 3.35) 0.67 1.37 (0.26 to 7.37) 0.71

  EMS unwitnessed arrest (reference: EMS witnessed arrest) 0.30 (0.05 to 1.73) 0.18 0.19 (0.03 to 1.32) 0.09

  Time to ETCO2 first measurement (/min) 1.00 (1.00 to 1.00) 0.29 1.00 (1.00 to 1.00) 0.10

  Shock number 1.11 (0.75 to 1.64) 0.61 1.53 (0.87 to 2.71) 0.14

Variable Orunadj (95% CI) p value Oradj (95% CI) p value

Association between ETCO2 tertials and VF termination

  ETCO2 low (≤25 mm Hg (3.33 kPa)) Ref

  ETCO2 mid (25 mm Hg (3.33 kPa) <ETCO2 <37 mm Hg (4.93 kPa)) 1.14 (0.50 to 2.60) 0.64 1.33 (0.55 to 3.20) 0.53

  ETCO2 high (≥37 mm Hg (4.93 kPa)) 1.09 (0.48 to 2.51) 0.83 1.13 (0.46 to 2.76) 0.80

  ETCO2 level group significance Χ2=0.40 (df=2, p=0.82)

  Advanced airway (SGA or ETT) (reference: BVM) As above 1.07 (0.37 to 3.07) 0.91

  Sex (reference: male) 1.73 (0.76 to 3.93) 1.93 (0.81 to 4.62) 0.14

  Amiodarone used As above 0.33 (0.14 to 0.74)* 0.01

  Epinephrine used As above 3.04 (0.76 to 12.17) 0.12

Association between ETCO2 tertials and ROSC

  ETCO2 low (≤ 25 mm Hg (3.33 kPa)) Ref

  ETCO2 medium (25 mm Hg (3.33 kPa) <ETCO2 <37 mm Hg (4.93 kPa)) 0.96 (0.31 to 2.96) 0.93 1.05 (0.33 to 3.37) 0.94

  ETCO2 high (≥37 mm Hg (4.93 kPa)) 0.84 (0.26 to 2.70) 0.77 1.07 (0.31 to 3.66) 0.91

ETCO2 level group significance Χ2=0.01 (df=2, p=0.99)

  Advanced airway (SGA or ETT) (reference: BVM) As above 1.34 (0.25 to 7.16) 0.73

  EMS unwitnessed arrest (reference: EMS witnessed arrest) As above 0.18 (0.03 to 1.24) 0.08

  Time to ETCO2 first measurement (/min) As above 1.00 (1.00 to 1.00) 0.09

  Shock number As above 1.55 (0.87 to 2.74) 0.14

Analyses restricted to the first shock for each case (see online supplemental appendix A for the full list of covariates+ used during model selection)
*Covariates included in the initial regression model (online supplemental appendix A) predefibrillation ETCO2, advanced airway use (with interaction term), number of EMS response vehicles, bystander CPR, bystander witnessed arrest, bystander 
automated external defibrillator (AED) use, EMS witnessed arrest, age, patient sex, amiodarone use, epinephrine (epinephrine) use, calcium gluconate use, EMS response time, time to initial ETCO2 measurement, shock number and EMS.
.BVM, bag–valve–mask; CPR, cardiopulmonary resuscitation; EMS, emergency medical services; ETCO2, end- tidal CO2; ETT, endotracheal tube; ROSC, return of spontaneous circulation; SGA, supraglottic airway; VF, ventricular fibrillation.
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i- gel SGA and intubation,26 as well as its speed of insertion,27 the 
i- gel may be a suitable candidate for ETCO2 measurement.

Another unique feature is that we study this relationship in a 
population composed exclusively of patients presenting in VF. 
Given the increasing emphasis of ETCO2 in resuscitation, this study 
would suggest that advanced airways will play more of a critical role 
instead of less, as some have recently suggested.28

There are some important limitations with our study. This study 
was not adequately powered to perform repeated measures anal-
yses, which limited our regression analyses to only include the first 
defibrillation. Future studies should use larger sample sizes to allow 
for repeated measures. Another limitation is that we were unable 
to identify the specific timing of ACLS medication administration 
in relation to the shocks used in the regression analyses. Medica-
tions were likely administered after the shock used in our regres-
sion because we used the first shock during the resuscitation with 
a predefibrillation ETCO2 measurement. All medications recorded 
for use in regression analyses were administered before the study 
outcomes (ie, VF termination or ROSC). A more thorough anal-
ysis into ETCO2 waveform during resuscitation could evaluate 
the quality of BVM mask seal and its subsequent influence on the 
relationship between ETCO2 and VF shock success. We also had 
a significant number of missing values of predefibrillation ETCO2, 
and these were frequently associated with short transport times with 
BVM use. While an important limitation, this may also reflect the 
reality of cardiac arrest management where the focus is on early 
defibrillation and not ventilation. Lastly, our analyses had low 
numbers of ETCO2 measurements from advanced airways. There-
fore, our analyses predominantly examine the BVM- ETCO2 and 
shock success relationship, which may be different from previous 
studies that only used ETT–ETCO2 readings.

COnClusIOn
The initial predefibrillation ETCO2 measurement is not associated 
with VF termination or ROSC on the subsequent shock when basic 
and advanced airways are included in analysis. ETCO2 measure-
ments from BVM were significantly lower than advanced airways. 
The role of predefibrillation ETCO2 requires careful consideration 
of the type of airway used during resuscitation.
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Sudden Onset Unilateral Ptosis

For question see page 19

AnsWer: A
Sudden onset general- tonic seizure ensued following physical 
examination. Emergent cranial CT showed diffuse subarachnoid 
haemorrhage (figure 2) and ruptured posterior communicating 
artery (online supplemental figure). The patient underwent 
emergent external ventricular drainage and clipping of aneu-
rysm. She was discharged stable 10 weeks later.

Differential diagnoses for acute unilateral ptosis include oculo-
motor nerve palsy (ONP), Horner’s syndrome, myasthaenia 
gravis or levator muscle injury.1 ONP is a clinical diagnosis 
heralded by ipsilateral ptosis, ophthalmoplegia, diplopia, mydri-
asis and impaired pupillary light reflex. The causes of unilat-
eral ONP include an intracranial aneurysm, diabetic peripheral 
neuropathy, painful ophthalmoplegia and other aetiologies.2 
Intracranial aneurysm is the leading cause of ONP. Due to the 
peripherally located pupillary fibres on the third nerve, the pupil 
is very sensitive to compression.3 Ptosis combined with head-
ache, diplopia and pupillary involvement should prompt consid-
eration of a posterior communicating artery aneurysm, which 

may be fatal. Myasthenia gravis may present with ptosis and 
ophthalmoparesis, but pupillary involvement should not present. 
Horner’s syndrome results in a myosis, partial ptosis, anhidrosis 
and apparent enophthalmos on the affected side of the face.
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APPENDIX A – List of Covariates Included in Regression Models  

 

Model Covariate Description 

1. Pre-defibrillation ETCO2 (Continuous) Primary covariate. Forced into models. Measurement of pre-

defibrillation ETCO2 in increments of 5mmHg. 

2. Pre-defibrillation ETCO2 (Categorical - 

Tertials) 

Primary covariate. Forced into models. Measurement of pre-

defibrillation ETCO2 split into three equally weighted groups. 

3. Advanced Airway Use Forced into models as a confounder a priori. Categorical variable 

designating either BVM or SGA use to measure pre-defibrillation 

ETCO2. 

4. Advanced Airway Interaction Term Interaction term. Interaction between advanced airway use and 

pre-defibrillation ETCO2. 

5. Number of EMS response vehicles Numerical variable specifying the number of EMS response 

vehicles that responded to the call. 

6. Bystander CPR Categorical variable specifying if bystander CPR was performed 

prior to EMS arrival. 

7. Bystander Witnessed Arrest Categorical variable specifying if the cardiac arrest was witnessed 

by a bystander. 

8. Bystander AED Use Categorical variable specifying if an AED was used by a 

bystander prior to EMS arrival. 

9. EMS Witnessed Arrest Categorical variable specifying if the cardiac arrest was witnessed 

by EMS. 

10. Age Numerical variable of patient age in years. 

11. Patient Sex Categorical variable of patient sex. 

12. Amiodarone Administration Categorical variable specifying if Amiodarone was administered 

in the cardiac arrest by EMS. 

13. Epinephrine Administration Categorical variable specifying if Epinephrine was administered in 

the cardiac arrest by EMS. 

14. Calcium Gluconate Administration Categorical variable specifying if Calcium Gluconate was 

administered in the cardiac arrest by EMS. 

15. Response Time to Scene by EMS Numerical variable of time from call received to EMS arrival at 

scene. 

16. Time to First ETCO2 Measurement Numerical variable of time from EMS arrival to the scene to the 

first ETCO2 measurement. 

17. Shock Number Numerical variable specifying the shock number since EMS 

arrival. 

18. EMS Service Categorical variable specifying the EMS service providing care. 
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APPENDIX B – Table Comparing Cases Based on Airway Used to Measure ETCO2 

 

Table A1. Utstein variables for cases included in regression analyses based on airway used to measure 

pre-defibrillation ETCO2. Chi-square tests and Welch two-sample t-tests were used for tests of 

significance. Yates’ continuity correction and Fischer exact tests were used for samples with small cell 

sizes. 

 

Patient Characteristics  Bag-Valve Mask Advanced 

Airway 

p-value 

Total Cases 134 19  

Age (years), median (IQR) 64 (54, 74) 65 (54, 72) 0.64 

Male, n (%) 109 (81.3) 12 (63.2) 0.13 

ROSC at ED arrival, n (%) 53 (41.7) 

Missing = 7 

8 (44.4) 

Missing = 1 

0.98 

Treatment Characteristics    

Adrenaline given, n (%) 120 (90.0) 19 (100.0) 0.22 

Total amount of Adrenaline (mg), median 

(IQR) 

4.0 (3.0, 6.0) 5.0 (3.0, 6.0) 0.59 

Amiodarone given, n (%) 89 (66.4) 14 (73.7) 0.71 

Total amount of Amiodarone (mg), median 

(IQR) 

450 (300, 450) 300 (300, 450) 0.28 

Sodium Bicarbonate given, n (%) 19 (14.2) 6 (31.6) 0.11 

Total amount of Sodium Bicarbonate (meq), 

median (IQR) 

50 (50, 50) 50 (50, 88) 0.28 

Calcium Gluconate given, n (%) 11 (8.2) 1 (5.2) 0.09 

Total amount of Calcium Gluconate (mg), 

median (IQR)  

1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.00 

Median time to EMS arrival (m:s) (IQR) 7:00 (6:00, 8:55) 8:00 (6:26, 

10:00) 

0.12 

Median time to first ETCO2 analysis from 

scene arrival (m:s) (IQR) 

7:42 (6:03, 

10:32) 

12:08 (10:01, 

21:01) 

< 0.01 

Median shocks per patient (IQR) 4.0 (3.0, 6.0) 3.0 (3.0, 4.0) 0.39 

CPR quality metrics    

Chest compression rate (per minute), median 

(IQR) 

109.7 (106.0, 

114.2) 

109.7 (107.9, 

113.9) 

0.56 

Chest compression depth (cm), median (IQR) 5.8 (5.3, 6.4) 5.8 (5.3, 6.6) 0.78 
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Chest compression fraction, median (IQR) 84.4 (78.5, 86.8) 84.9 (74.0, 86.9) 0.74 

Pre-shock pause (sec), median (IQR)  1.0 (1.0, 2.5) 1.0 (1.0, 1.5) 0.14 

Post-shock pause (sec), median (IQR)  3.0 (2.0, 4.0) 3.0 (2.0, 3.0) 0.92 
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APPENDIX C – Figure comparing the pre-defibrillation ETCO2 according to shock number, 

stratified by airway type. 

 

 
Figure A1. Pre-defibrillation ETCO2 measurements according to shock number. Values are stratified 

according to airway type used for measurement. 
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