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Abstract

Objective—To compare odds of survival to hospital discharge among pediatric out-of-hospital
cardiac arrest (OHCA\) patients receiving either bag-valve-mask ventilation (BVM), supraglottic
airway (SGA) or endotracheal intubation (ETI), after adjusting for the propensity to receive a
given airway intervention.

Methods—Retrospective cohort study using the Cardiac Arrest Registry to Enhance Survival
(CARES) database from January 1 2013— December 31 2015. The CARES registry includes data
on cardiac arrests from 17 statewide registries and approximately 55 additional US cities. We
included patients less than18 years of age who suffered a non-traumatic OHCA and received a
resuscitation attempt by Emergency Medical Services (EMS). The key exposure was the airway
management strategy (BVM, ETI, or SGA). The primary outcome was survival to hospital
discharge.

Results—Of the 3,793 OHCA cases included from 405 EMS agencies, 1724 cases were analyzed
after limiting the analysis to EMS agencies that used all 3 devices. Of the 1724, 781 (45.3%) were
treated with BVM only, 727 (42.2%) ETI, and 215 (12.5%) SGA. Overall, 20.7% had ROSC and
10.9% survived to hospital discharge. After using a propensity score analysis, the odds ratio for
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survival to hospital discharge for ETI compared to BVM was 0.39 (95%CI 0.26-0.59) and for
SGA compared to BVM was 0.32 (95% C1 0.12-0.84). These relationships were robust to the
sensitivity analyses including complete case, EMS-agency matched, and age-stratified.

Conclusions—BVM was associated with higher survival to hospital discharge compared to ETI
and SGA. A large randomized clinical trial is needed to confirm these findings.

Introduction

Methods

Cardiac arrest is a rare but devastating problem in children. The estimated incidence among
all patients less than 18 years of age is 8-20 per 100,000 person years, and in infants is 78
per 100,000 person years.12 Survival from pediatric out-of-hospital cardiac arrest (P-
OHCA) has typically been estimated between 6-12% and, when compared to adults,
survival is lower in infants and higher in adolescents.1:3-5

Over the last decade, survival among adults suffering an OHCA from all rhythms has
increased significantly, concurrent with emphasis on bystander CPR, high quality CPR, and
early defibrillation.6 Unfortunately, outcomes from P-OHCA have not improved over that
same time period.® Pediatric out-of-hospital airway management is controversial, and the
single controlled trial conducted to date, published in the year 2000, found no benefit to
endotracheal intubation (ETI) compared to bag-valve-mask ventilation (BVM), with ETI
trending towards harm in some groups.’ However, despite these findings, ETI remains a
common method of airway management in pediatric OHCA.8 ETl is rarely implemented by
individual paramedics in pediatric patients necessitating ongoing training (usually
simulation) for skill maintenance.® This lack of patient exposure may raise the risk of harm
and complications associated with pediatric ETI in EMS. A recent in-hospital study of
airway management in pediatric cardiac arrest found that BVM was associated with
significantly higher odds of survival compared to ETI, indicating that ETI may be inferior
for initial cardiac arrest management even under more controlled circumstances.19 Overall,
the literature exploring the association between airway management (BVM, ETI and
supraglottic airway [SGA] devices) and survival from P-OHCA is extremely limited.

The objective of this study was to measure the association between airway management
strategy (BVM vs ETI vs SGA) and survival to hospital discharge in P-OHCA after
adjusting for the propensity to receive each of the airway management alternatives. We
hypothesized that advanced airway management (ETI or SGA) would be associated with
poorer survival in P-OHCA compared to airway management with BVM.

Study Design

This was a retrospective cohort study using the Cardiac Arrest Registry to Enhance Survival
(CARES) data from January 1 2013—- December 31 2015. At the end of 2015, the CARES
registry included 17 statewide registries and 55 communities in 23 additional states covering
a catchment area of over 100 million people (all ages) in the United States. The database
includes 405 Emergency Medical Services (EMS) agencies that had at least one pediatric
arrest entered into the database during the study period. There were 649 unique hospitals
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that received the patients included in this study. Data is entered into CARES from
emergency call centers, EMS providers, and hospitals. The CARES database includes
support for quality control cleaning and error checking of the data since it was established in
2004. The details of quality control have been previously published.11

Study Participants

We included all CARES patients less than 18 years of age with non-traumatic out-of-
hospital cardiac arrest for whom resuscitation was attempted by EMS. Children who have
obvious signs of death such as rigor mortis, or who have a “do not resuscitate” order are
generally not recorded in CARES and were thus excluded from the study. We included
arrests of all etiologies other than trauma.

Primary Exposure and Variables

Outcomes

The exposure of interest in this study was the final airway management strategy used during
EMS care of the patient. Options for airway management in CARES include ETI, SGA
devices, or BVM. The database indicates if an advanced airway was successfully placed or
not. If an advanced airway was successful placed, the types of airways are then categorized
as: endotracheal tube, Combitube, Laryngeal Mask Airway, King Airway, or other. In
cardiac arrest scenarios, ventilations are initially delivered with BVM. After using BVM to
start resuscitation, providers may subsequently place an ETI or SGA. Each agency has a
specific protocol that dictates how advanced airways are used in pediatric arrests, and if they
are used, often specifies in what situations each is indicated. For this analysis, the “final”
airway device was the successfully placed advanced airway (SGA or ETI), or BMV if an
advanced airway was not successfully placed. There is generally no reason to remove an
advanced airway once it has been successfully placed, so we believe it is appropriate to
consider this the “final” airway used in the scenario. This “final” airway strategy has been
previously used in studies analyzing CARES.12 Since the individual EMS agency protocols
are a significant determinant of which airway is used, we included the EMS agency as a
variable in developing the propensity score. Further, only EMS agencies where all three
airway strategies were available options were included for analysis. We also conducted a
sensitivity analysis that was EMS-agency matched.

Table 1 displays the variables included in the analysis. Variables were categorized by
whether or not they were known prior to choice of airway management strategy for the
purposes of a propensity score analysis. For medical history, the predetermined medical
history variables in CARES include presence of heart disease, diabetes, cancer,
hypertension, renal disease, respiratory disease, hyperlipidemia, or stroke. We adjusted for
any condition with greater than 1% prevalence in the cohort as a separate variable. All other
conditions were combined into an “other conditions” group. Sustained ROSC was defined as
ROSC for 20 consecutive minutes or ROSC at conclusion of EMS care.

The primary outcome in the study was survival to hospital discharge. Secondary outcomes
include survival to hospital discharge with Pediatric Cerebral Performance Category (PCPC)
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of 1 or 2, indicating a patient who recovers to normal or mild disability (possible range 1-5,
with 5 being vegetative state or coma); survival to hospital admission; and sustained ROSC.

To minimize bias, preserve the sampling design of CARES, and maximize power, we used
multiple imputation to handle missing values. Please see the eMethods in the online
supplement for a full description of the imputation methods, including the SAS code used.
The use of multiple imputation for handling missing out-of-hospital data has previously been
validated.13-15 We used flexible chains regression models for multiple imputation using
SAS-callable I'VEware (IVEware, University of Michigan, Ann Arbor, MI) with generation
of 10 imputed data sets.1*15 Missingness for key variables for the analysis includes: airway
technique was missing in 18.4% of cases, first rhythm in 0.1%, neurologic outcome in 1.8%,
survival to hospital discharge (survival/location of death) in 1.5%, sustained ROSC in
<0.1%. Arrest witness status was known for all cases.

To account for potential differences in the probability of EMS providers using one airway
strategy successfully over another (BVM, ETI and SGA), we conducted a propensity score
analysis based on variables likely to be consistently available before the time of airway
intervention (Table 1). We excluded drugs and vascular access since it is possible that these
interventions are performed after airway management. The method of inverse probability of
treatment weighting (IPTW) was used to correct for imbalances in patient characteristics
between the three airway groups.18 This method was used given its unique ability to
compare three interventions. Please see the eMethods in the online supplement for the R
code used to generate the propensity scores. As opposed to randomized studies, the
assignment of a treatment in an observational study may be related to observed patient
characteristics (confounding by indication). For example, a provider may choose a particular
airway management technique based on the perceived severity of illness or age of the child,
and this could introduce bias into the analysis. The use of a propensity score method can
help minimize this bias by balancing the observed patient characteristics between the
treatment groups.17:18

A requirement of a propensity score analysis is that all observations are eligible for all
treatments. Therefore, we limited the data to patients from EMS agencies that had at least
one patient with each airway. Propensity scores and weights were generated using the R
package ‘twang’ for R 3.1.1 (Vienna, Austria)l® The weights generated by IPTW are used to
balance the covariates between treatment groups by increasing the weight of certain
individuals in the dataset.1” All covariates were assessed for adequate overlap across the
three airway interventions (e.g. did patients of all ages receive all airways?).

Using the weights generated via IPTW, logistic regression was performed using SAS-
callable IVEWare. Please see the eMethods in the online supplement for the SAS code used
to conduct the regression analysis. After propensity score weighting, all variables
representing factors known by the EMS team prior to determining airway management
interventions were well balanced across the airway groups except age and first rhythm
(Table 2). We recognized age and first rhythm were critical confounders so we also adjusted
for them in the final model. In addition, we included all variables that had imbalance
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indicated by a standardized difference >0.20 (threshold set prior to analysis). The logistic
regression results from all 10 imputed datasets were examined for consistency, then
combined using Rubin’s rules to account for variance within and between imputed
datasets.2? A p-value of 0.05 was the cutoff for statistical significance, and all tests were
two-sided.

Pre-planned sensitivity analyses included: 1) complete-case analysis excluding all patients
with missing outcomes or missing continuous variables, with missing categorical data
included in a new “unknown” category; 2) stratified analyses of patients greater than versus
less than 1 year of age; 3) propensity score analysis matched by EMS agency; and 4) an
analysis assessing the possibility of unmeasured confounders. To assess for unmeasured
confounders we used a previously described method used in an analysis of airway
management during in-hospital pediatric cardiac arrest.10.21

Patient Characteristics

Main results

Of the 3,793 P-OHCA cases included from 405 EMS agencies during the study period,
1,724 cases were analyzed after limiting to agencies that used all 3 devices. Of the 1,724,
781 (45.3%) were treated with BVM only, 727 (42.2%) received an ETI, and 215 (12.5%)
were treated with a SGA. The median number of cases submitted by each EMS agency was
3 (minimum 1, maximum 195, IQR 1-9). Patient characteristics are described in Table 3.
Overall, 786 (20.7%) patients had sustained ROSC, 430 (11.3%) survived to hospital
discharge, and 331 (8.7%) survived to discharge with a PCPC score of 1 or 2. The overall
survival to discharge for the entire cohort of patients (n=3,793) treated with BVM was 14%,
with ETI was 8.9%, and with SGA was 9%. In the cohort restricted to agencies where all
three devices were used (n=1,724) the survival in those treated with BVM was 14.1%, with
ETI was 7.0%, and SGA was 10.2%.

For the propensity score analysis, BVM was associated with improved odds of survival to
discharge compared to both ETI and SGA with an odds ratio for ETI compared to BVM of
0.39 (95% CI 0.26-0.59) and for SGA compared to BVM of 0.32 (95% CI1 0.12-0.84). Table
4 shows the results of the final analysis of survival to discharge as well as sustained ROSC
and neurologically intact survival. In general, the findings for survival to discharge with
PCPC 1 or 2 and survival to discharge overall were similar. The airway choice was not
significantly associated with sustained ROSC with the primary analysis finding odds ratios
of 1.13 (95% CI 0.85-1.51) for ETI compared to BVM and 1.24 (95% CI 0.69-2.25) for
SGA compared to BVM.

The results of the pre-planned sensitivity analyses are included in Table 4. The complete
case analysis was limited to 1091 cases and was nearly identical to the analysis using the 10
imputed datasets. In general, the findings of all sensitivity analyses were consistent with the
primary analysis. The results of the sensitivity analysis that explored the potential effect of
unmeasured confounders suggest that unmeasured confounders are unlikely to be masking a
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positive association or no association between ETI or SGA and survival compared to BVM
(Figure 1). For an unmeasured confounder to completely mask the observed results (OR
0.32), it would require a prevalence of 80% in the unexposed (BVVM) group and 20% in the
exposed (ETI) group, with an odds ratio of 4-5, which is relatively high in comparison to the
odds ratios in the measured confounders. The existence of such a confounder is unlikely.

Discussion

In this study, we compared various airway management strategies for EMS-treated P-OHCA
using a large cardiac arrest registry. We found that in pediatric patients who suffered a non-
traumatic OHCA, advanced airway management techniques (both ETI and SGA) were
associated with decreased survival to hospital discharge compared to BVM, after accounting
for the probability of having each airway intervention performed. This finding was
consistent across the majority of sensitivity analyses and the outcome of neurologically
intact survival. A unique aspect of our study is that we included SGA devices, previously
studied in the specific setting of P-OHCA. Children managed with a SGA had somewhat
poorer outcomes overall. This could be because SGAs are used as a backup and are a marker
for difficult airway management. This study uses a registry of cardiac arrest patients and is
thus a pragmatic comparison of airway management strategies based on actual field
performance of these techniques with their inherent benefits and limitations in the EMS
environment.

While ETI is the gold standard for airway management in the in-hospital environment, its
use remains common for pediatric patients in the relatively uncontrolled out-of-hospital
setting where the providers, training, equipment, environment, and system have different
constraints. Several studies have suggested intubation during cardiac arrest is associated with
either unimproved or decreased survival.12.22.7 Similar to this study, a recently published
retrospective study of in-hospital pediatric cardiac arrests found decreased survival with ETI
compared to BVM with a risk ratio of 0.89.10 Several ongoing randomized trials are
currently evaluating ETI vs. SGA in adult OHCA.23

There are several potential mechanisms through which advanced airway management could
negatively impact survival from P-OHCA. First, having an advanced airway in place may
contribute to inadvertent hyperventilation. In BVM, the mask seal takes place at the face
rather than at the glottis or trachea, increasing the likelihood of air leak which may protect
against excessive ventilation. Hyperventilation following an arrest may reduce cardiac
output by increasing intrathoracic pressure, thereby reducing right ventricular filling and
coronary blood flow.24 Hyperventilation may also have negative effects on brain perfusion
by causing cerebral vasoconstriction, lowering the mean arterial pressure, and increasing
intracranial pressure.226, We did not find an association between advanced airway use and
ROSC which may support the concept that the negative effect of the advanced airway is
primarily on the brain. Second, and perhaps more important, airway management procedures
may cause interruptions in CPR and delays in epinephrine administration as well as other
potentially important interventions.2”-28 Additional mechanisms linking advanced airway
management and worse outcomes have also been described.2® These mechanistic pathways
suggest intubation itself, even when performed under optimal circumstances, may be
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detrimental to survival from pediatric OHCA. This is supported by the findings of a recent
study where ETI was associated with decreased survival for in-hospital pediatric arrests
where circumstances are relatively controlled.10

Pediatric endotracheal intubation is a complex and uncommonly performed procedure in
prehospital care, requiring ongoing skill maintenance.® Previous studies have found that
pediatric intubation errors are common.30:31 Errors and other complications during
intubation may contribute to the reduced likelihood of survival in children treated with
advanced airways. Our finding of worse survival with SGAs, which are often used as a
rescue device after ETI failure, may also support this mechanistic hypothesis. The effect size
of the findings of our study are much larger than that in the recent in-hospital arrest study,
which found odds ratios of 0.89 for survival with ETI compared to BVM.10 One potential
explanation for our larger effect size is that both the physiologic mechanisms and the
aforementioned complexities associated with out-of-hospital management contribute to
poorer outcomes associated with ETI in P-OHCA.

Limitations

This was an observational study using a registry, and although we used propensity score
matching to control for confounding and conducted several sensitivity analyses to examine
the robustness of our findings, it is possible that unmeasured confounders still exist.
Observational studies may also over-estimate effect sizes, which is likely given the large
odds ratios observed in this study. In some cases, patients may achieve ROSC very quickly,
and there may not be time to place an advanced airway. This could introduce bias into the
study in favor of BVM. However, patients with very early recovery would be expected to
have sustained field ROSC (>20 minutes or at termination of EMS care), and we did not find
any significant association between airway technique on this outcome. In CARES, advanced
airway interventions are only recorded if the procedure was “successful”, so multiple
airways may have been attempted in the same patient. Finally, CARES only includes EMS
treated arrests, so the true denominator of all P-OHCA cases is unknown. Regional
differences in initiating treatment versus declaring death in the field could introduce bias.

Conclusions

In this US-based registry study, BVM is associated with improved survival (compared to
ETI and SGA) in non-traumatic P-OHCA. Based on these findings, it may be reasonable for
agencies to adopt a primary BVM strategy for P-OHCA. A large multicenter randomized
trial is needed to confirm these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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confounder
; -

F. 4
OR of the unmeasured confounder

OR adpusted for unmeasured

Figure 1. Effect of an Unmeasured Confounder
The reference line is at 0.32 which is the observed odds ratio from the primary analysis

(unadjusted for any unmeasured confounders) for survival to hospital discharge with good
neurological outcome. The three lines represent the prevalence of the unmeasured
confounder in the BVM (unexposed) group. For this graph, the ratio of the prevalence in the
BVM versus the ETI (exposed) group is 4 to 1 (e.g. for the solid line- the prevalence of the
unmeasured confounder is 20% in BVVM group and 5% in the ETI group). For an
unmeasured confounder to result in the finding of an odds ratio of 0.32, the unmeasured
confounder would need to be 80% in the BVM group, 20% in the ETI group and would have
an odds ratio of at least 5.0 for survival to hospital discharge with good neurological
outcome. OR=0d(ds ratio.
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Table 1

Patient, response, arrest and intervention characteristics included in analysis

Page 11

Variables known
during choice of airway
management strategy

Patient Variables | Agency and Arrest Variables Intervention Variables
Response
Variables
Age Medical History Time to EMS arrival Presenting Rhythm
Gender Unique agency 1D Hour of the call Etiology of Cardiac Arrest
Race Location Arrest witness status Bystander CPR
Type of bystander CPR

(compressions,
- . *
ventilations)

Use of AED

Variables not known
during choice of airway
management strategy

Transport time

Death in the field

Hypothermia in the field

Time on scene

Sustained ROSC in the field

Epinephrine administered

When did sustained ROSC occur? *

Other drugs administered

Emergency Department Outcome

*
Vascular access ™ (IV or 10)

Hospital Outcome

Neurologic Status at Discharge

(PCPC)

*
indicates optional variables in CARES. ROSC — return of spontaneous circulation. PCPC — Pediatric Cerebral Performance Score. IV —
intravenous line. 10 — intraosseous line.
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Results of Primary and Sensitivity Analyses

Table 4

Survival to Discharge
OR (95%Cl)

PCPC=1o0r 2
OR (95%Cl)

Sustained ROSC
OR (95%CI)

Original IPTW

analysis

ETlvs. BVM

0.39 (0.26-0.59)

0.30 (0.18-0.50)

1.13 (0.85-1.51)

SGA vs. BVM

0.32 (0.12-0.84)

0.14 (0.05-0.39)

1.24 (0.69-2.25)

Complete Case

Analysis

ETIvs. BVM | 0.50 (0.37-0.67) 0.43 (0.31-0.60) | 1.08 (0.86-1.36)
SGA vs. BVM | 0.30 (0.21-0.42) 0.10 (0.06-0.17) | 1.13(0.89-1.42)
Age stratified analysis

<1 year old

ETIvs.BVM | 0.35(0.15-0.77) 0.30 (0.11-0.83) | 1.00(0.62-1.63)
SGAvs. BVM | 0.21 (0.01-7.04) 0.06 (0.00-% 2.24 (0.83-6.05)
>1 year old

ETIvs. BVM | 0.42(0.23-0.74) 0.32 (0.16-0.63) | 1.22 (0.78-1.91)
SGAvs. BVM | 0.31(0.14-0.68) 0.17 (0.06-0.46) | 0.80 (0.46-1.41)

EMS agency matched analysis

ETIvs. BVM

0.30 (0.14-0.65)

0.17 (0.06-0.50)

1.08 (0.63-1.83)

SGAvs. BVM

0.22 (0.10-0.51)

0.10 (0.03-0.31)

0.92 (0.51-1.67)

Page 16

*

Due to the small sample size for SGA in the complete case analysis, the 95% confidence interval upper limit approaches infinity. Other covariates
included in the analysis include age and first recorded rhythm (shockable, asystole, PEA) for the primary and EMS agency matched analyses; age,
race, who applied the AED, and the time of day of the call broken down by hour for the complete case analysis; age, first recorded rhythm and race
for <1 year old; and age, presumed arrest etiology, and who first defibrillated for >1 year old. OR = Adjusted Odds Ratio, Cl = Confidence Interval.
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