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TIMING OF ADVANCED AIRWAY PLACEMENT AFTER WITNESSED
OuTt-0F-HosPITAL CARDIAC ARREST
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, Jason T. McMullan, MD @, Henry E. Wang, MD, MPH, MS,
, Peixin Xu, MS, Kimberly W. Hart, MA, Uwe Stolz, PhD, MPH,
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ABSTRACT

Background: Advanced airways (endotracheal tubes,
supraglottic airways) are frequently placed by Emergency
Medical Services (EMS) in patients with out-of-hospital
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cardiac arrest (OHCA). However, if an airway is to be
placed, it is unknown whether this should occur early or
late in the sequence of resuscitation events. This study
evaluated the association between the timing of airway
placement and the minute-to-minute probability of achiev-
ing return of spontaneous circulation (ROSC). Methods:
This secondary analysis of Resuscitation Outcomes
Consortium Prehospital Resuscitation using an Impedance
Valve and Early versus Delayed (ROC PRIMED) study
data included adult, non-traumatic, witnessed OHCA
patients with airway placement by EMS before ROSC.
The primary exposure variable was time from EMS arrival
to advanced airway placement. The outcome was preho-
spital ROSC. Since resuscitations occur over time, a Cox
proportional hazards model was fit to estimate the prob-
ability of ROSC as a function of the airway timing, adjust-
ing for Utstein variables. Results: A total of 7,547 patients
were included. Time to airway placement was 0-5 minutes
in 12% of the cohort, >5-10 (36%), >10-15 (29%), >15-20
(14%), >20-25 (5%), >25-30 (2%), and >30 (2%). ROSC
occurred in 43%. Time to airway had a statistically signifi-
cant impact on ROSC. A negative association between the
time to airway placement and the hazard of ROSC was
observed, such that increasing intervals between EMS
arrival and airway placement were associated with
decreasing probabilities of ROSC, regardless of initial car-
diac rhythm. Conclusions: EMS advanced airway place-
ment has a time-dependent association with ROSC. In
witnessed OHCA patients receiving advanced airways,
early airway placement is associated with increased prob-
ability of ROSC. Key words: cardiac arrest; advanced
cardiac life support; endotracheal intubation; supraglottic
airway; emergency medical services; prehospital
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INTRODUCTION

Every year in the United States, approximately
395,000 people suffer out-of-hospital cardiac arrest
(OHCA), and only 11% of patients who undergo
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resuscitative efforts survive to hospital discharge (1).
Interventions performed by Emergency Medical Services
(EMS) can significantly improve the chance of survival.
Survival is 17% with prehospital return of spontaneous
circulation (ROSC) but only 1% when ROSC is achieved
after hospital arrival (2). EMS providers must prioritize
competing intra-arrest interventions, such as chest com-
pressions, defibrillation, vascular access, medication
administration, oxygenation/ventilation, and airway
management. Advanced life support guidelines attempt
to specify the optimal timing of interventions during the
sequence of resuscitation events (3, 4). Advanced air-
ways, such as endotracheal tubes and supraglottic air-
ways, are placed in 80% of OHCA patients (5-7).
However, when an advanced airway is indicated, the
optimal timing for its placement is unknown and
remains unspecified in guidelines (3, 4).

Advanced airways may improve survival by the early
reversal of hypoxemia and acidosis, which may be a
cause or consequence of OHCA (8). Alternatively, sur-
vival may be decreased if airway interventions delay
other critical interventions such as defibrillation or chest
compressions (9-12). Prior studies on airway timing
have either oversimplified the timing of resuscitation
events or evaluated in-hospital patients who differ in
their pathophysiology (13-17). Thus, a fundamental
question remains unanswered: if an advanced airway is
to be placed, should it occur early or late in the sequence
of resuscitation events?

Our study evaluates the association between the
timing of prehospital advanced airway placement and
the minute-to-minute probability of achieving ROSC
in patients with witnessed OHCA. We hypothesize
that in patients for whom an advanced airway is indi-
cated, there is a time after which the importance of
placing it outweighs the need for other resuscitation
events in maximizing the probability of ROSC.

METHODS

Study Design and Setting

This was an observational cohort study using data
from the Resuscitation Outcomes Consortium (ROC)
Prehospital Resuscitation using an Impedance Valve
and Early versus Delayed (PRIMED) trial (18, 19). This
trial was conducted from June 2007 to July 2010 at 10
academic centers across North America covering 150
different EMS agencies under Exception from
Informed Consent (EFIC) regulations in the United
States and the Tri-Council Policy Statement: Ethical
Conduct for Research Involving Humans in Canada.
Data were available through the National Heart, Lung,
and Blood Institute (NHLBI) Biological Specimen and
Data Repository Information Coordinating Center
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(BioLINCC) (20). Our Institutional Review Board des-
ignated this study as Not Human Subjects Research as
data were de-identified and publicly available.

Data Source

The PRIMED trial enrolled adult, non-traumatic,
OHCA patients and evaluated two interventions using
a factorial design: (1) immediate versus delayed initial
cardiac rhythm analysis, and (2) an impedance thresh-
old device vs. a sham device (18, 19). The study was
stopped early due to futility, as no difference in
patient outcomes was detected. Of the patients
enrolled, 25% arrived at the hospital with ROSC, 8%
survived to hospital discharge, and 6% survived to
hospital discharge neurologically intact.

Centralized data collection occurred prospectively
and was managed by the ROC Data Coordinating
Center following uniform data collection and report-
ing guidelines consistent with Utstein standards (21,
22). The PRIMED dataset contains detailed time
information on resuscitation events, including initial
emergency phone call, first responder arrival, para-
medic arrival, advanced airway placement, ROSC,
hospital arrival, and termination of resuscitation.
These times were calculated using information from
EMS providers on scene, EMS dispatch, and the car-
diac monitor. Analyses of these data have been suffi-
ciently accurate to ascribe variation in time between
patient groups on the order of seconds (18, 23).

Study Population

We included all patients who received endotracheal
intubation or placement of a supraglottic airway by
EMS, including patients enrolled during the run-in
period of the original trial. The PRIMED trial excluded
patients with traumatic etiology of arrest (i.e., drown-
ing, strangulation, electrocution, hanging, lightning,
exsanguination), patients <18years old, and patients
with a Do Not Resuscitate order. We excluded unwit-
nessed arrests, EMS witnessed arrests, and patients
who had an advanced airway placed after ROSC.
Arrests had to be witnessed so the exact time of dis-
ease onset (i.e. cardiac arrest) was known for survival
analysis. EMS witnessed arrests were excluded
because airway interventions could have occurred
prior to disease onset. Since initial resuscitative efforts
focus on obtaining ROSC, advanced airways placed
after ROSC have a different therapeutic intention.

Exposure, Outcome, and Covariates

The exposure variable was the time from initial
EMS arrival to the successful placement of an
advanced airway (endotracheal tube or supraglottic
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ROC PRIMED
Cohort

(n=27,917)
No Advanced

Airway Placement
(n=5,695)

Advanced
Airway Placed
(n=22,222)

Exclusion Criteria:
* Unwitnessed
* EMS Witnessed
* Airway after ROSC
(n=13,826)

_ Missing Data
- (n=856)

FiIGure 1. Selection of study population. Flow diagram showing
patient selection for the study cohort. ROC PRIMED =
Resuscitation Outcomes Consortium Prehospital Resuscitation using an
Impedance Valve and Early versus Delayed Trial; EMS = Emergency
Medical Services; ROSC = Return of Spontaneous Circulation.

Meets Study
Criteria
(n=8,396)

airway). It is important to note that the exposure
variable is the timing of advanced airway placement,
not the decision to place an advanced airway.
Therefore, patients who received only bag-valve
mask ventilation were not included.

The outcome variable was the occurrence of pre-
hospital ROSC, defined as a measureable pulse and
blood pressure at any time during the prehospital
resuscitation. Per the Resuscitation Outcome
Consortium, a pulse alone was not sufficient. We
specifically chose prehospital ROSC because it is the
OHCA outcome most likely to change in response
to a time-dependent airway management decision
by EMS, and prehospital ROSC is a critical first step
towards neurological recovery (2). In addition, using
ROSC as the outcome enabled the use of survival
analysis to address the confounding effect of the
total time in cardiac arrest before ROSC, which is
not possible using distal survival outcomes.

Covariates were age, sex, initial cardiac rhythm, pres-
ence or absence of bystander cardiopulmonary resuscita-
tion (CPR), and EMS response time, defined as the time
from cardiac arrest onset to initial EMS arrival. The ear-
liest recorded time was the initial emergency phone call
received at the public-safety answering point. Since all
arrests were witnessed, this was used as a surrogate for

the time of cardiac arrest onset for calculating EMS
response time. Response time was treated as a covariate
(not part of the exposure variable) because EMS cannot
affect a patient’s condition during this time.

Chest compression fraction and bystander auto-
mated external defibrillator (AED) use were not
used as covariates. Chest compression fraction has
been an inconsistent predictor of patient outcomes
in multiple studies (24-26). In addition, only
S5minutes of chest compression fraction data were
available per patient, which is an inadequate meas-
ure of CPR quality for a prolonged resuscitation.
Bystander AED use was not considered since suc-
cessful defibrillation using an AED would have
resulted in ROSC prior to EMS arrival and subse-
quent exclusion from our analysis.

Statistical Model

A Cox proportional hazards model was fit to esti-
mate the probability of ROSC as a function of the time
from EMS arrival to advanced airway placement. This
differs from standard survival analysis because the
exposure variable (time from EMS arrival to advanced
airway placement) is itself a timed intervention that
could vary in the model. The model was specified a
priori since the goal was to test a theoretical model of
the underlying pathophysiology (8). The effect that
advanced airway time has on ROSC was unknown, so
it was modeled as a continuous variable using cubic
splines to allow for non-linear relationships, which fit
a comparatively small set of splines and penalized the
integrated second derivative (27). Cox models were fit
separately for patients with an initial shockable rhythm
(ventricular fibrillation, ventricular tachycardia) and
those with an initial non-shockable rhythm (pulseless
electrical activity, asystole, no shock from EMS AED).
This stratification is clinically relevant, as the only
branch point in the Advanced Cardiac Life Support
algorithm is based on initial cardiac rhythm (4).
Utstein covariates (age, sex, bystander CPR, and EMS
response time) were included as fixed variables. Time
in the model starts at initial EMS arrival. The hazard
of ROSC is calculated at any given point in time dur-
ing the resuscitation, and patients exit the model for
one of three reasons: (1) prehospital ROSC, (2) hospital
arrival, or (3) prehospital termination of resuscitation.
As such, patients contribute to the model throughout
their exposure to resuscitation, and this naturally
accounts for the duration of the resuscitation in the
model (28, 29). Patients were right censored at time of
hospital arrival. Termination of resuscitation was mod-
eled as never having the outcome.

Multiple post hoc sensitivity analyses were per-
formed. Survival models were constructed that added
impedance threshold device versus sham and the type
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TasLE 1. Demographics and resuscitation events

Study Cohort (1 =7540) Missing Data (12 = 856)

Age (mean, SD)
Sex (Male, %)
Bystander Cardiopulmonary Resuscitation (%)
Yes
No
Unknown
Initial Cardiac Rhythm (%)
Ventricular Tachycardia or Ventricular Fibrillation
Pulseless Electrical Activity
Asystole

No Shock from EMS Automated External Defibrillator

Advanced Airway Attempt (median, IQR)
Prehospital ROSC (%)

Prehospital Termination of Resuscitation (%)
Time to Event (minutes)

Cardiac Arrest Onset to EMS Arrival Time (median, IQR)
EMS Arrival to Advanced Airway Time (median, IQR)
EMS Arrival to Prehospital ROSC Time (median, IQR)

EMS Arrival to TOR Time (median, IQR)

EMS Arrival to Hospital Arrival Time (median, IQR)

67 (15) 66 (15)
5208 (69.1%) 554 (64.9%)

3691 (49.0%)
3615 (47.9%)
234 (3.1%)

382 (44.6%)
442 (51.6%)
32 (3.7%)

2837 (37.6%)
1906 (25.3%)
2251 (29.9%) 234 (28.4%)
546 (7.2%) 91 (11.1%)
1(1-1) 1(1-1)
3220 (42.7%) 313 (36.6%)
2382 (31.6%) 258 (30.1%)

267 (32.4%)
231 (28.1%)

5.6 (4.4-7.0)
104 (7.2-14.8)
19.2 (14.3-25.2)
31.9 (26.7-37.1)
35.9 (28.9-44.0)

5.4 (4.1-7.1)
10.0 (7.0-14.5)
18.3 (13.3-25.7)
29.0 (24.9-35.0)
32.9 (26.0-42.0)

SD = standard deviation; IQR = interquartile range; ROSC = return of spontaneous circulation; EMS = emergency medical services; TOR

= termination of resuscitation.

of advanced airway (endotracheal tube versus supra-
glottic airway) as covariates. Another survival model
combined all patients into a single cohort and initial
cardiac rhythm was added as a covariate instead of a
stratifying variable. Multiple imputation of missing
data was performed using chained equations with lin-
ear or logistic regression, as appropriate (30). Twenty-
five imputations were performed. Finally, logistic
regression models were constructed for initial shock-
able and non-shockable rhythms using survival to
hospital discharge and neurologically-intact survival
at hospital discharge (Cerebral Performance Category
Score < 2) as outcomes, with all other covariates
included as previously described. Statistical analyses
were conducted using SPSS (Version 24, IBM
Corporation, Armonk, NY), Stata (Version 15,
StataCorp, College Station, TX, USA), R base (3.4.2),
and the R package pspline (27, 31).

REsuLTS

A total of 7,547 patients were available for ana-
lysis after applying inclusion/exclusion criteria and
accounting  for missing data (Figure 1).
Demographic and resuscitation data are shown for
the study cohort and those with missing data
(Table 1). All patients had a bystander witnessed
OHCA. The majority of patients had only one
attempt at an advanced airway. The median time of
advanced airway placement was 10minutes after
EMS arrival (Figure 2). Time to airway placement
was 0-5 minutes in 12% of the cohort, >5-10 (36%),

[ Initial Shockable Rhythm
Ml 'nitial Non-Shockable Rhythm

Frequency

10 20 30 40 50 60
Time to Aiway (min)

Ficure 2. Time from Emergency Medical Services (EMS) arrival
to advanced airway placement. Histogram of successful
advanced airway placement time relative to EMS arrival for the
study cohort, stratified by initial cardiac rhythm. Shockable:
Ventricular tachycardia or ventricular fibrillation; Non-Shockable:
Pulseless electrical activity, asystole, or no shock from EMS
automated external defibrillator.

>10-15 (29%), >15-20 (14%), >20-25 (5%), >25-30
(2%), and >30 (2%). The primary outcome of preho-
spital ROSC occurred in 43% of the cohort after a
median of 19minutes of resuscitation. The median
resuscitation time for those patients without ROSC
and not transported to the hospital was 32 minutes.
The number of patients contributing to the model
and at risk of ROSC at 5-minute intervals starting
from EMS arrival is shown in Table 2.

Model results are shown in Figure 3. Continuous
hazard ratios with associated 95% confidence inter-
vals are presented, with the time from EMS arrival
to advanced airway placement presented as a con-
tinuous exposure variable. A statistically significant
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negative association between the time to advanced
airway placement and the hazard of ROSC was
observed, such that increasing intervals between
EMS arrival and airway placement were associated
with decreasing probabilities of ROSC. This negative
association begins immediately and is present
regardless of initial cardiac rhythm.

To better illustrate the clinical relevance of these
results, 12 independent simulations were run to pro-
duce theoretical survival curves estimated from the
same model (Figure 4). Since these are independent
simulations for specific advanced airway placement
times, there are no tests of significance between
groups or confidence intervals to report. Times were
chosen for illustrative purposes only. Since the out-
come is a good patient event (ROSC), not a bad event
(death), a drop in the survival curve indicates good
patient outcomes. For all simulations, the cumulative
probability of achieving ROSC increases as the resusci-
tation progresses and eventually the cumulative prob-
ability plateaus. However, the earlier the advanced
airway is placed, the higher the cumulative probabil-
ity of achieving ROSC. This association is present
regardless of initial cardiac rhythm.

Sensitivity analyses of impedance threshold
device use, the type of advanced airway, initial car-
diac rhythm, and multiple imputation of missing
data did not change the overall negative association
between the time to advanced airway placement
and the hazard of ROSC (Supplemental Figures S1
to S6). A similar association was observed for sensi-
tivity analyses of distal patient outcomes. Each add-
itional minute from EMS arrival to advanced airway
placement decreased survival to hospital discharge
for initial shockable (adjusted OR 0.91; 95% CI 0.89
to 0.93) and non-shockable rhythms (adjusted OR
0.89; 95% CI 0.85 to 0.92), and also decreased neuro-
logically-intact survival to hospital discharge for ini-
tial shockable (adjusted OR 0.93; 95% CI 0.91 to
0.95) and non-shockable rhythms (adjusted OR 0.89;
95% CI 0.82 to 0.95).

DiscussION

In a cohort of witnessed OHCA patients who
received intra-arrest advanced airways, earlier
placement was associated with a higher probability
of achieving ROSC. Current guidelines emphasize
the circulatory components of CPR, with a focus on
compression fraction, compression rate, and mini-
mizing pauses related to pulse checks and defibrilla-
tion (4, 32, 33). As a result, the roles of airway
management and ventilation have been relatively
minimized or even purposefully eliminated (9, 10).
This could lead to delays in advanced airway

TaBLE 2. Patients at risk of ROSC

Resuscitation Time (min) Number at Risk

0 7,540
5 7,520
10 7,289
15 6,561
20 5,485
25 4,298
30 2,940
35 1,746
40 957
45 493
50 254
55 126
60 65
65 35
70 19
75 5
80 4
85 2

ROSC = return of spontaneous circulation. The number patients
contributing to the model and at risk of ROSC. Resuscitation time
begins at the arrival of Emergency Medical Services. Patients exit
the model for one of three reasons: (1) prehospital ROSC, (2)
hospital arrival, or (3) prehospital termination of resuscitation.

placement which, based on our data, would limit
the efficacy of this particular intervention. Our
results suggest that airway management plays a role
in OHCA resuscitation efforts and should receive
early attention during prehospital care.

It is important to note that the hazard ratios in
Figure 3 are monotonically decreasing. If a curvilin-
ear line with a peak had been observed, this would
have indicated the existence of a specific time during
the resuscitation when advanced airway placement
is most favorable in patients for whom an airway is
indicated. Times both before and after this would
have been expected to negatively impact the prob-
ability of achieving ROSC. To illustrate, immediate
defibrillation and continuous chest compressions in
patients with shockable rhythms are believed to be
the most important tasks during resuscitation (34).
Multiple studies have argued that advanced airways
are harmful because they interrupt these interven-
tions (9-12). We expected to see a delayed peak in
the hazard ratio for this group, indicating that delay-
ing airway interventions to conduct defibrillation
and continuous chest compressions improves the
probability of achieving ROSC. However, this was
not observed, which is consistent with prior studies
on the timing of advanced airway placement
(13-17). This could be because some patients rapidly
achieved ROSC after a single defibrillation, or
because interventions occurred simultaneously.

Evidence that EMS providers should place
advanced airways has been questioned and the
practice remains controversial. Multiple studies
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have focused on the harmful effects of poor airway
management (12, 35-37). Although important, harm
from poor technique is not the same as harm from
the intervention itself. Despite concerns that airway
interventions harm patients, recent pathophysio-
logical studies have challenged this dogma, demon-
strating improved outcomes with higher airway
pressures and have failed to see evidence of respira-
tory alkalosis from hyperventilation (38, 39). Our
study was not designed to provide direct evidence
of a benefit of an advanced airway compared to no
advanced airway, but the time-dependent relation-
ship in Figure 3 provides supporting evidence that
an advanced airway itself influences patient out-
comes. How this compares to other potential inter-
ventions or is impacted by poor procedural
technique remains an active area of investigation.

This study also demonstrates a novel method-
ology for analyzing time-dependent interventions
while simultaneously accounting for the total time
in cardiac arrest before ROSC. This technique could
be applied to the recently released PART and
AIRWAYS-2 trial data (40, 41). Although the data
source for the present study is almost 10years old,
recommendations for advanced airway management
have not changed during that time. Future efforts
could also utilize propensity matching to compare
patients who received an early vs. late advanced air-
way, but these efforts must adjust for the confound-
ing effect of the duration of resuscitative efforts (28).

EMS systems performing high-quality CPR often
delay advanced airway interventions to focus on
chest compressions, so it is unlikely that delayed
airway placement is a surrogate for poor resuscita-
tion technique. EMS system-specific data were not
available to evaluate differences between sites, and
this remains an area for future work. However, sig-
nificant variation in patient outcomes across these
systems has been observed previously, which
improves the generalizability of the results (42).
Rapid advanced life support was required for par-
ticipation in the ROC, and patients were excluded
from the original trial if a non-ROC EMS agency
arrived first (43). The type of advanced airway did
not change our overall results, but the comparative
effectiveness of different advanced airway devices is
better address by two recently published random-
ized controlled trials (40, 41).

LIMITATIONS

These results do not address the question of
whether a bag-valve mask or an advanced airway is
better for patient outcomes, because our entire
cohort eventually received an advanced airway.
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A. Initial Shockable Rhythm

N =

-2

Log Hazard Ratio
6 -4

8

-10

0 10 20 30 40
Time to Airway (min)
B. Initial Non-Shockable Rhythm

o = s

Log Hazard Ratio

O 10 20 30 40 50 60 70 80
Time to Airway (min)

Ficure 3. Model results. The hazard of prehospital return of
spontaneous circulation (ROSC) divided by the baseline hazard
(y-axis) at different times from Emergency Medical Services
(EMS) arrival to advanced airway placement (x-axis). Dashed
lines indicate 95% confidence intervals. The y-axis uses a log
scale to better visualize the negative association and has no units
because it is a ratio. A value of 0 on the y-axis has no meaning
because the intercept was not specified. Separate analyses were
conducted based on initial cardiac rhythm. Shockable: Ventricular
tachycardia or ventricular fibrillation; Non-Shockable: Pulseless
electrical activity, asystole, or no shock from EMS automated
external defibrillator

Given that 80% of OHCA receive an advanced air-
way in the United States, we wanted to investigate
the timing of advanced airway placement, not the
decision to place an advanced airway (5). Thus, we
did not include patients who were exposed after the
outcome had occurred or were never exposed.
However, the potential for selection bias exists.
Since patients must have had an advanced airway
placed prior to ROSC to be included, it is unknown
whether patient who did not receive an advanced
airway would have had earlier ROSC had one
been obtained.

A natural extension of our work might be to
include all cardiac arrest patients and assess the
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relative importance of obtaining an early advanced
airway versus no advanced airway. However, this
question is limited by confounding by indication.
For example, patients with a presumed respiratory
etiology of cardiac arrest or patients with vomitus/
blood in the airway may be simultaneously more
likely to receive an early advanced airway and more
likely to never achieve ROSC when compared to a
presumed cardiac etiology or patients without aspir-
ation. Confounding by indication is the most likely
reason why observational data indicated endo-
tracheal tubes are superior to supraglottic airways,
while randomized trial data indicated the opposite,
as supraglottic airways are occasionally placed after
failed endotracheal intubation (6, 40). If confounding
by indication is strong enough to reverse results
when two advanced airway methods are compared,
confounding may be more problematic when com-
paring basic to advanced airway methods. We care-
fully chose the cohort for this study to avoid
confounding by indication, which has been a limita-
tion of prior studies (44-46). Unfortunately, the rea-
son why an advanced airway is placed or not is
rarely described or recorded, and current cardiac
arrest guidelines allow for this variability in clinical
practice (4, 32, 33).

Unlike ROSC, the analyses of distal patient out-
comes are limited by resuscitation time bias, as we
could not use survival analysis since time to survival
is not useful in this context. In addition, the number
of confounders introduced by using distal outcomes
that occur weeks later is challenging to adjust for
using observational data. For these reasons, we used
ROSC as our main outcome and consider other out-
comes to be sensitivity analyses. Unlike epinephrine
administration, we are not aware of any data that
suggests that the timing of advanced airway place-
ment will have a paradoxical increase in ROSC while
decreasing neurologically-intact survival (47).

Additional limitations exist. We excluded unwit-
nessed arrests because the exact time of disease
onset had to be known for survival analysis.
Current treatment guidelines for OHCA are
unmodified by witness status or time since arrest, as
this only affects prognostication (4, 32). However,
the generalizability of our results to unwitnessed
arrests is unknown. We could not directly address
patients who re-arrested after initial prehospital
ROSC using this model, as patients exit the model
once the outcome is achieved. However, overall
results were unchanged by sensitivity analyses of
distal survival outcomes. We did not directly
address the number of attempts to obtain an
advanced airway, and the duration of airway
attempts was not available. Although some airway
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FiIGURe 4. Theoretical survival curves. Theoretical survival curves
estimated from the model are shown for illustrative purposes
only and do not represent groups for statistical comparison.
Resuscitation time (x-axis) begins at the arrival of Emergency
Medical Services (EMS). The outcome is prehospital return of
spontaneous circulation (ROSC), so a rapid drop on the y-axis
indicates good patient outcomes. Separate analyses were
conducted based on initial cardiac rhythm. Shockable: Ventricular
tachycardia or ventricular fibrillation; Non-Shockable: Pulseless
electrical activity, asystole, or no shock from EMS automated
external defibrillator.

placement times were pushed back by multiple
attempts, the majority of our cohort had only a sin-
gle airway attempt. Given the negative time-
dependent association is consistent throughout the
resuscitation, the overall result is that early is better,
even if select patients received multiple or pro-
longed attempts. However, it is possible that
patients who specifically required multiple or pro-
longed attempts have a different probability of
ROSC. The PRIMED Trial did not collect data on
the timing of epinephrine administration; as a result,
we could not test for an interaction between this
and our exposure variable. Finally, given this is
observational data, we can only assess for associ-
ation and not causation.
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CONCLUSIONS

In summary, the timing of advanced airway

placement by EMS impacts the probability of preho-
spital ROSC. In witnessed OHCA patients who
receive an intra-arrest advanced airway, placement
as early as possible is associated with increased
probability of achieving ROSC regardless of initial
cardiac rhythm.

Justin L. Benoit
Jason T. McMullan

ORCID

http://orcid.org/0000-0002-0669-2963
https://orcid.org/0000-0002-

7656-7447

Changchun Xie
Christopher J. Lindsell

http://orcid.org/0000-0002-1843-4099
https:/orcid.org/0000-0002-

3297-2811

References

1.

Institute of Medicine: Committee on the Treatment of
Cardiac Arrest. Strategies to improve cardiac arrest survival:
A time to act. Washington (DC): The National Academies
Press; 2015.

Wampler DA, Collett L, Manifold CA, Velasquez C,
McMullan JT. Cardiac arrest survival is rare without preho-
spital return of spontaneous circulation. Prehosp Emerg
Care. 2012;16:451-5. d0i:10.3109/10903127.2012.695435.
Neumar RW, Otto CW, Link MS, Kronick SL, Shuster M,
Callaway CW, Kudenchuk PJ, Ornato JP, McNally B,
Silvers SM, et al. Part 8: adult advanced cardiovascular
life support: 2010 American Heart Association guidelines
for cardiopulmonary resuscitation and emergency cardio-
vascular care. Circulation. 2010;122:5729-S67. doi:10.1161/
CIRCULATIONAHA.110.970988.

Link MS, Berkow LC, Kudenchuk PJ, Halperin HR, Hess
EP, Moitra VK, Neumar RW, O’Neil BJ, Paxton JH, Silvers
SM, et al. Part 7: adult advanced cardiovascular life sup-
port: 2015 American Heart Association guidelines update
for cardiopulmonary resuscitation and emergency cardio-
vascular care. Circulation. 2015;132:5444-S64. doi:10.1161/
CIR.0000000000000261.

McMullan ], Gerecht R, Bonomo ], Robb R, McNally B,
Donnelly J, Wang HE, CARES Surveillance Group. Airway
management and out-of-hospital cardiac arrest outcome in
the CARES registry. Resuscitation. 2014;85:617-22. doi:
10.1016/j.resuscitation.2014.02.007.

Benoit JL, Gerecht RB, Steuerwald MT, McMullan ]JT.
Endotracheal intubation versus supraglottic airway placement
in out-of-hospital cardiac arrest: a meta-analysis. Resuscitation.
2015;93:20-6. doi:10.1016/j.resuscitation.2015.05.007.

Wang HE, Szydlo D, Stouffer JA, Lin S, Carlson ]N,
Vaillancourt C, Sears G, Verbeek RP, Fowler R, Idris AH,
et al. Endotracheal intubation versus supraglottic airway
insertion in out-of-hospital cardiac arrest. Resuscitation. 2012;
83:1061-6. doi:10.1016/j.resuscitation.2012.05.018.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

845

Benoit JL, Prince DK, Wang HE. Mechanisms linking advanced
airway management and cardiac arrest outcomes. Resuscitation.
2015;93:124-7. d0i:10.1016/j.resuscitation.2015.06.005.

Bobrow BJ, Clark LL, Ewy GA, Chikani V, Sanders AB, Berg
RA, Richman PB, Kern KB. Minimally interrupted cardiac
resuscitation by emergency medical services for out-of-hos-
pital cardiac arrest. JAMA. 2008;299:1158-65. doi:10.1001/
jama.299.10.1158.

Kellum MJ, Kennedy KW, Barney R, Keilhauer FA, Bellino
M, Zuercher M, Ewy GA. Cardiocerebral resuscitation
improves neurologically intact survival of patients with out-
of-hospital cardiac arrest. Ann Emerg Med. 2008;52:244-52.
doi:10.1016/j.annemergmed.2008.02.006.

Iwami T, Nichol G, Hiraide A, Hayashi Y, Nishiuchi T,
Kajino K, Morita H, Yukioka H, Ikeuchi H, Sugimoto H,
et al. Continuous improvements in “chain of survival”
increased survival after out-of-hospital cardiac arrests: a
large-scale population-based study. Circulation. 2009;119:
728-34. doi:10.1161/CIRCULATIONAHA.108.802058.

Wang HE, Simeone SJ, Weaver MD, Callaway CW.
Interruptions in cardiopulmonary resuscitation from para-
medic endotracheal intubation. Ann Emerg Med. 2009;54:
645-652.el. doi:10.1016/j.annemergmed.2009.05.024.

Wang CH, Chen W], Chang WT, Tsai MS, Yu PH, Wu YW,
Huang CH. The association between timing of tracheal intub-
ation and outcomes of adult in-hospital cardiac arrest: a
retrospective cohort study. Resuscitation. 2016;105:59-65. doi:
10.1016/j.resuscitation.2016.05.012.

Jennings PA, Cameron P, Walker T, Bernard S, Smith K.
Out-of-hospital cardiac arrest in Victoria: rural and urban
outcomes. Med ] Aust. 2006;185:135-9.

Shy BD, Rea TD, Becker L], Eisenberg MS. Time to intub-
ation and survival in prehospital cardiac arrest. Prehosp
Emerg Care. 2004;8:394-9.

Kajino K, Iwami T, Kitamura T, Daya M, Ong ME, Nishiuchi
T, Hayashi Y, Sakai T, Shimazu T, Hiraide A, et al
Comparison of supraglottic airway versus endotracheal
intubation for the pre-hospital treatment of out-of-hospital
cardiac arrest. Crit Care. 2011;15:R236. d0i:10.1186/cc10483.
Izawa ], Iwami T, Gibo K, Okubo M, Kajino K, Kiyohara K,
Nishiyama C, Nishiuchi T, Hayashi Y, Kiguchi T, et al.
Timing of advanced airway management by emergency
medical services personnel following out-of-hospital cardiac
arrest: a population-based cohort study. Resuscitation. 2018;
128:16-23. doi:10.1016/j.resuscitation.2018.04.024.

Stiell IG, Nichol G, Leroux BG, Rea TD, Ornato JP, Powell J,
Christenson J, Callaway CW, Kudenchuk PJ, Aufderheide
TP, et al. Early versus later rhythm analysis in patients with
out-of-hospital cardiac arrest. N Engl ] Med. 2011;365:787-97.
doi:10.1056/NEJMo0a1010076.

Aufderheide TP, Nichol G, Rea TD, Brown SP, Leroux BG,
Pepe PE, Kudenchuk PJ, Christenson J, Daya MR, Dorian P,
et al. A trial of an impedance threshold device in out-of-hos-
pital cardiac arrest. N Engl ] Med. 2011;365:798-806. doi:
10.1056 /NEJMoa1010821.

National Institutes of Health: Biologic Specimen and Data
Repository Information Coordinating Center. Bethesda, MD:
National Institutes of Health; 2013. https:/ /biolincc.nhlbi.nih.
gov/home/

Cummins RO, Chamberlain DA, Abramson NS, Allen M,
Baskett P, Becker L, Bossaert L, Delooz H, Dick W, Eisenberg
M. Recommended guidelines for uniform reporting of data
from out-of-hospital cardiac arrest: the Utstein style. Task
Force of the American Heart Association, the European
Resuscitation Council, the Heart and Stroke Foundation of


https://doi.org/10.3109/10903127.2012.695435
https://doi.org/10.1161/CIRCULATIONAHA.110.970988
https://doi.org/10.1161/CIRCULATIONAHA.110.970988
https://doi.org/10.1161/CIR.0000000000000261
https://doi.org/10.1161/CIR.0000000000000261
https://doi.org/10.1016/j.resuscitation.2014.02.007
https://doi.org/10.1016/j.resuscitation.2015.05.007
https://doi.org/10.1016/j.resuscitation.2012.05.018
https://doi.org/10.1016/j.resuscitation.2015.06.005
https://doi.org/10.1001/jama.299.10.1158
https://doi.org/10.1001/jama.299.10.1158
https://doi.org/10.1016/j.annemergmed.2008.02.006
https://doi.org/10.1161/CIRCULATIONAHA.108.802058
https://doi.org/10.1016/j.annemergmed.2009.05.024
https://doi.org/10.1016/j.resuscitation.2016.05.012
https://doi.org/10.1186/cc10483
https://doi.org/10.1016/j.resuscitation.2018.04.024
https://doi.org/10.1056/NEJMoa1010076
https://doi.org/10.1056/NEJMoa1010821
https://biolincc.nhlbi.nih.gov/home/
https://biolincc.nhlbi.nih.gov/home/

846

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Canada, and the Australian Resuscitation Council. Ann
Emerg Med. 1991;20:861-74.

Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L,
Cassan P, Coovadia A, D’Este K, Finn ], et al. Cardiac arrest
and cardiopulmonary resuscitation outcome reports: update
and simplification of the Utstein templates for resuscitation
registries: a statement for healthcare professionals from a
task force of the International Liaison Committee on
Resuscitation (American Heart Association, European
Resuscitation Council, Australian Resuscitation Council, New
Zealand Resuscitation Council, Heart and Stroke Foundation
of Canada, InterAmerican Heart Foundation, Resuscitation
Councils of Southern Africa). Circulation. 2004;110:3385-97.
doi:10.1161/01.CIR.0000147236.85306.15.

Cheskes S, Schmicker RH, Verbeek PR, Salcido DD, Brown
SP, Brooks S, Menegazzi J], Vaillancourt C, Powell ], May S,
et al. The impact of peri-shock pause on survival from out-
of-hospital shockable cardiac arrest during the Resuscitation
Outcomes Consortium PRIMED trial. Resuscitation. 2014;85:
336—42. do0i:10.1016/j.resuscitation.2013.10.014.

Kurz MC, Prince DK, Christenson J, Carlson J, Stub D, Cheskes
S, Lin S, Aziz M, Austin M, Vaillancourt C, et al. Association of
advanced airway device with chest compression fraction during
out-of-hospital cardiopulmonary arrest. Resuscitation. 2016,98:
35-40. doi:10.1016/j.resuscitation.2015.10.011.

Cheskes S, Schmicker RH, Rea T, Powell ], Drennan IR,
Kudenchuk P, Vaillancourt C, Conway W, Stiell I, Stub D, et al.
Chest compression fraction: a time dependent variable of sur-
vival in shockable out-of-hospital cardiac arrest. Resuscitation.
2015;97:129-35. doi:10.1016/j.resuscitation.2015.07.003.

Cheskes S, Schmicker RH, Rea T, Morrison LJ, Grunau B,
Drennan IR, Leroux B, Vaillancourt C, Schmidt TA, Koller
AC, et al. The association between AHA CPR quality guide-
line compliance and clinical outcomes from out-of-hospital
cardiac arrest. Resuscitation. 2017;116:39-45. doi:10.1016/
j-resuscitation.2017.05.003.

Eilers P, Marx B. Flexible smoothing with B-splines and pen-
alties. Stat Sci. 1996;11:89-121. do0i:10.1214/ss/1038425655.
Andersen LW, Grossestreuer AV, Donnino MW.
“Resuscitation time bias”—a unique challenge for observa-
tional cardiac arrest research. Resuscitation. 2018;125:79-82.
doi:10.1016 /j.resuscitation.2018.02.006.

Kudenchuk PJ. Early epinephrine in out-of-hospital cardiac
arrest: is sooner better than none at all? Resuscitation. 2013;
84:861-2. doi:10.1016/j.resuscitation.ZOl3.05.003.

White IR, Royston P. Imputing missing covariate values for
the Cox model. Stat Med. 2009;28:1982-98. doi:10.1002/
sim.3618.

R Core Team. R: a language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical
Computing; 2017. https:/ /www .R-project.org.

Kleinman ME, Brennan EE, Goldberger ZD, Swor RA,
Terry M, Bobrow BJ, Gazmuri RJ, Travers AH, Rea T. Part
5: adult basic life support and cardiopulmonary resuscita-
tion quality: 2015 American Heart Association guidelines
update for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation. 2015;132:5414-S35. doi:
10.1161/CIR.0000000000000259.

Kleinman ME, Goldberger ZD, Rea T, Swor RA, Bobrow BJ,
Brennan EE, Terry M, Hemphill R, Gazmuri R], Hazinski
MF, et al. 2017 American Heart Association focused update
on adult basic life support and cardiopulmonary resuscita-
tion quality: an update to the American Heart Association
guidelines for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation. 2018;137:e7—e13. doi:
10.1161/CIR.0000000000000539.

PREHOSPITAL EMERGENCY CARE

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

NovemBer/DEceMBER 2019 VoLumE 23 / NUMBER 6

Weisfeldt ML, Becker LB. Resuscitation after cardiac arrest: a
3-phase time-sensitive model. JAMA. 2002;288:3035-8.

Katz SH, Falk JL. Misplaced endotracheal tubes by paramed-
ics in an urban emergency medical services system. Ann
Emerg Med. 2001;37:32-7. doi:10.1067 /mem.2001.112098.
Jones JH, Murphy MP, Dickson RL, Somerville GG,
Brizendine EJ. Emergency physician-verified out-of-hospital
intubation: miss rates by paramedics. Acad Emerg Med.
2004;11:707-9.

Studnek JR, Thestrup L, Vandeventer S, Ward SR, Staley
K, Garvey L, Blackwell T. The association between preho-
spital endotracheal intubation attempts and survival to
hospital discharge among out-of-hospital cardiac arrest
patients. Acad Emerg Med. 2010;17:918-25. doi:10.1111/
j.1553-2712.2010.00827.x.

Chalkias A, Pavlopoulos F, Koutsovasilis A, d'Aloja E, Xanthos
T. Airway pressure and outcome of out-of-hospital cardiac
arrest: a prospective observational study. Resuscitation. 2017;
110:101-6. doi:10.1016/j.resuscitation.2016.10.023.

Spindelboeck W, Gemes G, Strasser C, Toescher K, Kores B,
Metnitz P, Haas ], Prause G. Arterial blood gases during and
their dynamic changes after cardiopulmonary resuscitation: a
prospective clinical study. Resuscitation. 2016;106:24-9. doi:
10.1016/j.resuscitation.2016.06.013.

Wang HE, Schmicker RH, Daya MR, Stephens SW, Idris AH,
Carlson JN, Colella MR, Herren H, Hansen M, Richmond NJ,
et al. Effect of a strategy of initial laryngeal tube insertion vs
endotracheal intubation on 72-hour survival in adults with
out-of-hospital cardiac arrest: a randomized clinical trial.
JAMA. 2018;320:769-78. d0i:10.1001/jama.2018.7044.

Benger JR, Kirby K, Black S, Brett SJ, Clout M, Lazaroo M],
Nolan JP, Reeves BC, Robinson M, Scott L], et al. Effect of a
strategy of a supraglottic airway device vs tracheal intub-
ation during out-of-hospital cardiac arrest on functional out-
come: the AIRWAYS-2 randomized clinical trial. JAMA.
2018;320:779-91. do0i:10.1001/jama.2018.11597.

Nichol G, Thomas E, Callaway CW, Hedges ], Powell JL,
Aufderheide TP, Rea T, Lowe R, Brown T, Dreyer ], et al.
Regional variation in out-of-hospital cardiac arrest incidence
and outcome. JAMA. 2008;300:1423-31. doi:10.1001/
jama.300.12.1423.

Stiell IG, Callaway C, Davis D, Terndrup T, Powell J, Cook
A, Kudenchuk PJ, Daya M, Kerber R, Idris A, et al
Resuscitation Outcomes Consortium (ROC) PRIMED cardiac
arrest trial methods part 2: rationale and methodology for
“analyze later vs. analyze early” protocol. Resuscitation.
2008;78:186-95. doi:10.1016/j.resuscitation.2008.01.027.
Andersen LW, Granfeldt A, Callaway CW, Bradley SM, Soar
J, Nolan JP, Kurth T, Donnino MW, American Heart
Association’s  Get with the Guidelines-Resuscitation
Investigators. Association between tracheal intubation during
adult in-hospital cardiac arrest and survival. JAMA. 2017;
317:494-506. doi:10.1001 /jama.2016.20165.

Hasegawa K, Hiraide A, Chang Y, Brown DF. Association of
prehospital advanced airway management with neurologic
outcome and survival in patients with out-of-hospital cardiac
arrest. JAMA. 2013;309:257-66. d0i:10.1001/jama.2012.187612.
Fouche PF, Simpson PM, Bendall J, Thomas RE, Cone DC,
Doi SA. Airways in out-of-hospital cardiac arrest: systematic
review and meta-analysis. Prehosp Emerg Care. 2014;18:
244-56. d0i:10.3109/10903127.2013.831509.

Perkins GD, Ji C, Deakin CD, Quinn T, Nolan JP, Scomparin
C, Regan S, Long ], Slowther A, Pocock H, et al. A random-
ized trial of epinephrine in out-of-hospital cardiac arrest. N
Engl ] Med. 2018;379:711-21. doi:10.1056/NEJMo0a1806842.


https://doi.org/10.1161/01.CIR.0000147236.85306.15
https://doi.org/10.1016/j.resuscitation.2013.10.014
https://doi.org/10.1016/j.resuscitation.2015.10.011
https://doi.org/10.1016/j.resuscitation.2015.07.003
https://doi.org/10.1016/j.resuscitation.2017.05.003
https://doi.org/10.1016/j.resuscitation.2017.05.003
https://doi.org/10.1214/ss/1038425655
https://doi.org/10.1016/j.resuscitation.2018.02.006
https://doi.org/10.1016/j.resuscitation.2013.05.003
https://doi.org/10.1002/sim.3618
https://doi.org/10.1002/sim.3618
https://www.R-project.org
https://doi.org/10.1161/CIR.0000000000000259
https://doi.org/10.1161/CIR.0000000000000539
https://doi.org/10.1067/mem.2001.112098
https://doi.org/10.1111/j.1553-2712.2010.00827.x
https://doi.org/10.1111/j.1553-2712.2010.00827.x
https://doi.org/10.1016/j.resuscitation.2016.10.023
https://doi.org/10.1016/j.resuscitation.2016.06.013
https://doi.org/10.1001/jama.2018.7044
https://doi.org/10.1001/jama.2018.11597
https://doi.org/10.1001/jama.300.12.1423
https://doi.org/10.1001/jama.300.12.1423
https://doi.org/10.1016/j.resuscitation.2008.01.027
https://doi.org/10.1001/jama.2016.20165
https://doi.org/10.1001/jama.2012.187612
https://doi.org/10.3109/10903127.2013.831509
https://doi.org/10.1056/NEJMoa1806842

	Abstract
	Introduction
	Methods
	Study Design and Setting
	Data Source
	Study Population
	Exposure, Outcome, and Covariates
	Statistical Model

	Results
	Discussion
	Limitations
	Conclusions
	References


