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1. Introduction

Emergency Medical Services (EMS) providers care for patients of all ages, including 

pediatric patients. They see children with a wide variety of critical illnesses including 

cardiac arrest, respiratory failure, and trauma. Airway management is often one of the initial 

steps taken in stabilizing a patient with many critical conditions. The purpose of airway 

management is to achieve adequate tissue oxygenation, ventilation, and limit aspiration of 

oral and gastric contents. Airway management procedures include suctioning, bag-mask-

ventilation (BVM), airway adjuncts (oral and nasal airways), alternative airways 

(supraglottic devices), and endotracheal intubation (ETI).

Successful airway management requires training, skills and ongoing experience to 

consistently perform these procedures in an effective, timely, and safe manner. Airway 

management procedures in children require unique skill sets and equipment due to variations 

in anatomy based on patient age and size.1 For example, the pediatric glottis is more 

superior and anterior than the adult glottis. Previous studies have shown that airway 

management procedures are rarely performed by individual EMS providers.2 In addition, 

airway management skills rapidly deteriorate after training indicating that frequent training 
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is needed to maintain airway management skills, which is likely challenging given limited 

resources and competing needs for training on other topics.3 Many EMS agencies continue 

to support ETI as the gold standard for pediatric airway management while others have 

abandoned ETI due to safety concerns, highlighting the current controversy among experts 

in out-of-hospital care. There is evidence to suggest that out-of-hospital pediatric airway 

management may have increased complications compared to hospital-based airway 

management; a large controlled trial failed to show benefit of ETI and suggested harm in 

certain subgroups.4–7

The National Emergency Medical Services Information System (NEMSIS) is the largest 

registry of EMS responses in the US. In this report, we sought to describe the characteristics 

of out-of-hospital pediatric airway management in the United States.

2. Methods

2.1 Study Design

The institutional review board of the Oregon Health & Science University reviewed and 

approved the protocol (IRB00010366). In this descriptive study, we analyzed data from the 

NEMSIS 2012 Public Release Research Dataset.

2.2 Study Setting

The Office of Emergency Medical Services of the National Highway Traffic Safety 

Administration (NHTSA) funds the NEMSIS project. The goal of NEMSIS is to standardize 

the data obtained by EMS providers through their patient care reports and aggregate these 

data for analysis on a local, state, and national level. The NEMSIS national EMS dataset is 

maintained by the NEMSIS Technical Assistance Center (TAC) housed at the University of 

Utah School of Medicine.

The NEMSIS TAC promotes the standardized electronic collection of over 400 data 

elements by encouraging use of electronic patient care report software that is compliant with 

the NEMSIS system. The lead EMS office in each state coordinates data collection from 

local EMS agencies then exports the data to the NEMSIS Technical Assistance Center to be 

placed in the national repository. Of the 400 data elements, only 83 are submitted to the 

national database with the remainder being housed in individual, local, and state databases. 

The NEMSIS program does not define inclusion or exclusion criteria of EMS activations to 

be included in the database, but takes all data meeting the state inclusion criteria. In 

addition, states can submit data from any number of participating EMS agencies throughout 

the state, so the data may not represent all EMS agencies in any given participating state.

For this study we identified patients less than 18 years of age from the NEMSIS 2012 Public 

Release Research Dataset totaling over 1.1 million pediatric EMS activations. Forty states 

participated in data submission to the 2012 NEMSIS dataset. Among the 40 participating 

states, 21 reported capture of more than 95% of all 911 ground EMS activations. The 

remaining states report inclusion of more than 75% of 9-1-1 ground EMS activations. It is 

estimated that approximately 50% of helicopter based transports in the US states submitting 

to NEMSIS are captured.
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2.3 Selection of Participants

This study included all EMS activations for patients less than 18 years of age, including 

activations where care was provided but the patient was not transported. We excluded EMS 

activations where EMS responded but there was no patient care. We then identified patients 

receiving NEMSIS-defined airway interventions or ventilatory support, including 

endotracheal intubation (ETI), alternate airway insertion, cricothyroidotomy, bag-valve-

mask ventilation (BVM), continuous positive airway pressure (CPAP), Bi-level positive 

airway pressure (BiPAP), or other ventilation.

2.4 Outcomes

The primary outcomes were frequency, success and complication rates of pediatric airway 

management procedures. In this analysis we defined endotracheal intubation (ETI) as direct 

laryngoscopy, video laryngoscopy, orotracheal intubation, nasotracheal intubation, or rapid 

sequence intubation (RSI). The alternative airways recorded by NEMSIS include the LMA, 

the King LT, the Combitube, and the Esophageal Obturator airway. We included methods of 

ventilation other than bag-valve-mask as “other ventilation” which includes bag ventilation 

via endotracheal tube or alternate airway, respirator operation, or ventilator operation. We 

combined surgical and needle cricothyroidotomy into a single category unless otherwise 

specified. When patients were ventilated with a bag-valve-mask setup, this was defined as 

BVM. When patients were ventilated without a mask via a tube, had “respirator operation,” 

or “ventilator operation”, they were classified as “other ventilation.”

When a procedure appeared more than once for a single patient it was counted only once in 

the analysis. For example, if a patient had 2 ETIs during their patient care event it would be 

classified as a single ETI. However, if patients had both BVM and ETI during the same 

encounter they were classified separately in the analysis. The NEMSIS data also indicated 

the success of each procedure. In instances where procedures were attempted several times, 

we considered it a success if any of the attempts were recorded as successful. If two separate 

intubations took place, and either one or both were successful, this was classified as a 

successful intubation for that patient care episode. Airway procedural complications 

included bleeding, bradycardia, esophageal intubation, hypotension, hypoxia, injury, 

vomiting and other as defined by the paramedic completing the medical record.

Patient level variables included age, gender, race, and ethnicity. Illness specific variables 

included cardiac arrest, possible injury, provider’s primary impression, and cause of injury.

The population setting of the EMS encounter, “urbanicity”, is classified in NEMSIS 

according to the United States Department of Agriculture (USDA) and the Office of 

Management and Budget (OMB) definitions: urban areas that have large (1+million 

residents) or small (less than 1 million residents) metropolitan areas; suburban areas with 

micropolitan (urban core of at least 10,000 residents) counties adjacent to large or small 

metropolitan areas; rural areas that have non-urban core counties adjacent to a large or small 

metropolitan area; and wilderness that are considered non-core counties adjacent to 

micropolitan counties.

Hansen et al. Page 3

Resuscitation. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The NEMSIS program has individual data use agreements with each state that preclude 

release of any state, agency, or provider specific data in the public use dataset. To analyze 

by region we stratified the data according to the US census regions (Northeast, South, 

Midwest, and West).

2.5 Primary Data Analysis

We analyzed the data with descriptive statistics including binomial proportions and exact 

95% confidence intervals for those proportions.

We calculated the number and proportion of airway interventions in EMS patient care events 

for patients less than 18 years. We described demographics of the population receiving 

airway intervention including age, gender, race, ethnicity, urbanicity of the incident location, 

and US census region. We also described several illness specific factors such as cardiac 

arrest status, injury status, and the most common medical or traumatic primary impression 

provided by the EMS provider.

We calculated success of ETI, cricothyroidotomy, and alternate airways for patients in 

various age subgroups, by cardiac arrest status, injury status, urbanicity, and region. After 

univariate odds ratio calculations we performed multiple logistic regression to control for 

potential collinearity among the various variables.

Results

3.1 Overall results

During the 2012 study period there were a total of 1,173,493 pediatric EMS activations 

resulting in 949,301 patient care episodes (Figure 1 and Table 1). 4.5% of patient care 

events involved airway management procedures (42,936). The most commonly reported 

airway events were nasopharyngeal airway insertion, other ventilation, and nebulizer 

treatment. Invasive airway management or invasive ventilation (ETI, cricothyroidotomy, 

alternate airway, CPAP/BiPAP, BVM and other ventilation) took place in 1.5% of patient 

care events (14,107). Of those who had invasive airway management, 29.9% were less than 

1 year of age, 58.1% were male, 42.3% were white, and 83.6% were in urban areas (Table 

2).

3.2 Clinical impression in airway management cases

For the 70% of encounters with invasive airway management where a clinical impression 

was reported (9,810 of 14,107), the primary impression was respiratory distress in 21.8%, 

21.2% traumatic injury, 16.1% cardiac arrest, 14.5% seizure, and 6.6% altered level of 

consciousness. For the 12% of patients with invasive airway management who had a cause 

of injury reported (1,707 of 14,107), 25.5% indicated motor vehicle traffic accident, 24.1% 

falls, 8.7% pedestrian traffic accident, and 7.0% motor vehicle non-traffic accident.

3.3 Endotracheal Intubation

ETI occurred in 3,124 of 949,301 (Table 1) patient care events (329 per 100,000; 95%CI 

318–341). Overall ETI success was 81.1% (95%CI 79.7–82.6). ETI success was not 
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reported in 431 cases (13.8%). ETI success was lowest for patients in cardiac arrest and for 

those aged 1–12 months, and was higher for patients aged 0–1months (Table 3). Of note, 

35% of all cardiac arrests in the cohort occurred in patients less than 1 year of age. RSI 

demonstrated higher success rates though only 23% of RSI was in children less than 1 year 

of age, 28% in patients 1–11 years, and 49% in children over 11. The success rate for RSI 

was 88.2% for children less than 1 year of age, compared to 71% for non-RSI ETI, though 

only 34 total RSIs were performed in children less than 1. ETI success was higher in the 

Midwest and West, and was lowest in the South (Table 3). ETI success was highest in urban 

areas and lowest in rural areas (Table 3). Multiple logistic regression demonstrated that 

region, rural status, age, and RSI were significantly associated with ETI success with very 

similar odds ratios to univariate analysis, though cardiac arrest status was no longer 

significantly associated with success (OR 0.88 95%CI 0.576–1.342). We found that overall 

ETI success on the first attempt was 68.9%, with an additional 9.8% successful after a 

second attempt and 2.9% after a third attempt. Number of attempts was not reported in 9.7% 

of cases. Capnography was used during 36.8% of intubations. Colorimetric end-tidal CO2 

devices were documented as being used in 14.6% of intubations, quantitative capnography 

in 22.2%, and esophageal bulbs were used in 3.9%. We found that ETI success among calls 

where a rotary wing EMS service responded was 89.9% (out of 652 total EMS care events 

where rotary wing response present). However level of service was not documented in 

32.1% of cases where ETI was performed.

3.4 Supraglottic Airways

Supraglottic airway insertion occurred in 389 of 949,301 patient care events (41 per 

100,000; 95%CI 37–45). The King airway and Combitube were the most commonly used 

devices. Success rates were highly variable with esophageal obturator airways having a 

57.1% success rate and the King airway 88.9% success rate. Success was not reported in 49 

cases (13.0%). Most supraglottic devices were placed in older children with 53% in children 

12 years and older. Only 12.8% were placed in children less than 1 year of age.

3.5 Complications

Table 4 displays rates of complications from airway management procedures. The 

predominant complications were immediately recognized esophageal intubation, bleeding 

and vomiting. Overall the number of reported complications was very low.

Discussion

This is the largest study of out-of-hospital pediatric airway management. Airway 

interventions occurred in 4.5% of pediatric EMS encounters (42,936 of 949,301). ETI and 

BVM were the most common invasive airway interventions. Pediatric ETI is performed at a 

slightly lower rate than in adults per patient encounter based on comparison to the 2012 

NEMSIS dataset where the rate was 426 of every 100,000 patient care encounters.8 

However, the overall frequency of pediatric ETI is much lower than adults since only 7–

13% of EMS transports are for children.9–11
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Our study shows out-of-hospital ETI, the most commonly used advanced technique, has 

significantly lower success rates compared to in the hospital and alarmingly low rates of 

C02-based confirmation of placement. Despite the findings of the Gauche-Hill study 15 

years ago that showed no benefit and trend towards harm with pediatric ETI, it continues to 

be the most commonly practiced advanced airway management technique. It is unclear why 

the current practice is not consistent with the best available evidence. One possibility is that 

BVM is challenging to perform and resource intensive in the out-of-hospital environment 

making EMS providers reluctant to use it. Another is that pediatric intubation is ingrained in 

EMS culture and providers face cultural stigma when patients are not intubated who could 

have been. Further studies should more clearly identify the decision making of EMS medical 

directors and paramedics in pediatric airway management. Supraglottic airways are a 

promising alternative to ETI, have high success rates in adults, and also warrant further 

study.19

In this study, supraglottic airways were used nearly 10 times less frequently than ETI. This 

is also more than 3 times less frequent than supraglottic airway use in the all-age 2012 

NEMSIS study.8 In addition, frequency of use was lowest in patients aged less than 1 year 

who also have the lowest ETI success rates. The low rate of use may be due to lack of 

availability of supraglottic airways in the full range of pediatric sizes. The LMA is the only 

device in this study that is suitable for all ages. The King LT is not available for children 

less than 12 kg. Agencies may also find the cost of stocking supraglottic devices for all ages 

prohibitive.

We found the overall ETI success rate was lower than what is described for adult ETI. 

Success was lowest in those aged 1–12 months which is not unexpected given the anatomic 

differences of children in this age group. Unexpectedly, we found ETI success to be higher 

in patients 0–1 month of age. It is possible that ETI is easier in this age group due to lower 

tone. We also noted relatively high success rates with RSI, even in infants. However, only 

34 RSIs were performed in infants limiting the ability to draw definitive conclusions for that 

age group. Increased success rates with RSI may be due to improved intubating conditions 

associated with medication facilitated intubation or more experienced providers performing 

RSI. ETI had lower success rates in rural areas and in the southern region. Rural providers 

may have lower call volumes and even less experience with pediatric airway management. 

Training resources may also be more challenging in rural areas. Finally, we found that only 

half of intubations use end tidal C02 use for confirmation of endotracheal tube placement.

Children less than 1 year of age and victims of cardiac arrest account for a significant 

portion of ETIs and have low ETI success rates though in multivariate modeling cardiac 

arrest status was not associated with ETI success. The most recent recommendations for 

Pediatric Advanced Life Support (PALS) from the American Heart Association (AHA) de-

emphasize intubation in pediatric cardiac arrest management.12 In addition, recently 

reported data for adults suggests that out-of-hospital cardiac arrest victims may have better 

outcomes when advanced airway devices are not used.8,13 Given the best available current 

evidence, bag-mask-ventilation may be the most reasonable choice for airway management 

in pediatric cardiac arrest.
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Out-of-hospital pediatric advanced airway management has lower success compared to in-

hospital. Pediatric Emergency Physicians have 97–99% success in ETI in the Emergency 

Departement.12–14 The difference in success rates between out-of-hospital and hospital ETI 

may partly be due provider training. A survey of paramedic training programs indicated that 

the median number of ETI attempts for paramedic students in the operating room was 

between 6–10 and most of these are likely in adults.17 Lack of experience, fear of morbidity 

and loss of life, and the emotional trauma of seeing children suffer are likely to increase 

anxiety in pediatric calls and may contribute to reduced success.18 The positive effect of 

training and experience is further supported by our finding that rotary wing responses have 

relatively higher ETI success rates, though still not as high as hospital based providers. 

Rotary wing providers likely see a subset of patients who are more critically ill and have 

increased exposure to airway management procedures.

This study has several limitations. First, NEMSIS is a large database but is not a 

representative sample of US EMS activations since not all agencies in the included 40 states 

submit data to NEMSIS and existing data is not a weighted probability sample. Next, 

NEMSIS relies on data entered into an electronic patient care report by EMS providers and 

is subject to bias. Diagnoses are not based on specific criteria and are based on paramedic 

impression. It also likely suffers from self-reporting biases leading to overestimation of 

success and underestimation of complications. NEMSIS also has significant missing data 

that may introduce additional bias. It is possible that procedure success rates and 

complications are affected by these biases, inflating our estimates. Although these biases are 

likely present, comparisons with adult data or among airway interventions are less likely to 

be directly affected. In addition, there is little reason to suspect that systematic biases would 

exist in certain age groups or types of devices. Finally, the sheer size of the database makes 

it useful to gain an understanding of current practice on a national level.

Conclusions

ETI is the most commonly performed advanced airway procedure in children in the US. 

However, advanced airway procedures have lower success rates in children compared to 

adults. Advanced airway procedures are infrequently performed by individual providers and 

are likely relatively rare events in their careers. C02 based confirmation techniques were 

used with low rates though should be used in every pediatric intubation. Further research is 

needed to identify the optimal strategy for out-of-hospital airway management in pediatric 

patients
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Figure 1. 
Airway management procedures performed during NEMSIS events. EMS: Emergency 

Medical Services. ETI: endotracheal intubation, Cric: crocothyroidotomy, BVM: bag-valve-

mask-ventilation. BiPAP: bilevel positive airway pressure, CPAP: continuous positive 

airway pressure, OPA: oral pharyngeal airway, NPA: nasal pharyngeal airway, PEEP: 

positive end expiratory pressure.
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Table 1

Prevalence of airway management interventions. Reported rates represent portion of 949,301 total patient care 

events. BiPAP = bilevel positive airway pressure. CPAP = continuous positive airway pressure. PEEP = 

positive end expiratory pressure.

Intervention N N per 100,000 patient care
events (95% CI)

Bag-valve-mask ventilation 2,884 304 (293–315)

Other ventilation 8,881 935 (916–955)

Endotracheal intubation 3,124 329 (318–341)

  Orotracheal intubation 2,985 314 (303–325)

  Nasotracheal intubation 130 14 (11–16)

  Rapid Sequence intubation 426 45 (41–49)

Alternate airway 389 41 (37–45)

  Combitube 105 11 (9.0–13)

  Esophageal-Obturator 21 2.2 (1.4–3.4)

  Laryngeal Mask Airway 167 17 (15–20)

  King LT 96 10 (8–12)

Cricothyroidotomy 62 6.5 (5.0–8.4)

  Needle cricothyroidotomy 47 5.0 (3.6–6.6)

  Surgical cricothyroidotomy 15 1.6 (0.88–2.6)

BiPAP/CPAP 649 68 (63–74)

Oropharyngeal airway 2,114 223 (213–232)

Nasopharyngeal airway 13,710 1444 (1420–1468)

Colorimetric tube confirmation 871 92 (86–98)

Bulb tube confirmation 487 51 (47–56)

Nebulizer 9,061 954 (935–974)

PEEP 2,935 252 (242–263)

Suction 5,755 606 (590–622)

Foreign Body Removal 20 2.1 (1.3–3.3)
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Table 3

Airway intervention success including orotracheal, nasotracheal, and rapid sequence intubation. Unadjusted 

odds ratios are presented for selected comparisons only.

Procedure Successful/subgroup
total (n=2852)

% successful; 95% CI Univariate odds ratio
(95%CI)

Endotracheal Intubation 2,314/2,852 81.1; 79.7–82.6 N/A

Clinical Condition

  Non-arrest medical 1,074/1,278 84.0; 80.9–86.0 Referent

  Cardiac arrests 695/920 75.5; 72.6–78.3 0.59 (0.48–0.73)

  Non-arrest injury 545/654 83.3; 80.3–86.1 0.95 (0.74–1.23)

Age

  Age 0–1 month 415/481 86.3; 82.9–89.2 1.22 (0.89–1.67)

  Age 1–12 months 431/598 72.1; 68.3–75.6 0.50 (0.39–0.64)

  Age 1–5 years 306/370 82.7; 78.5–86.4 1.13 (0.85–1.50)

  Age 5–11 years 251/297 84.5; 80.0–88.4 0.92 (0.67–1.28)

  Age 11–17 years 700/835 83.8; 81.2–86.3 Referent

Rapid Sequence Intubation 379/408 92.9; 90.0–95.2 N/A

Population Setting

  Urban 1,776/2,171 81.8; 80.1–83.4 Referent

  Rural 222/299 74.3; 68.9–79.1 0.64 (0.48–0.85)

  Suburban 153/194 78.9; 0.72–0.84 0.83 (0.59–1.51)

  Wilderness 41/52 78.9; 65.3–88.9 0.83 (0.42–1.63)

US census region

  South 1,124/1,426 78.2 (76.6–80.9) Referent

  Midwest 576/675 85.3 (82.4–87.9) 1.61 (1.26–2.08)

  Northeast 407/507 80.3 (76.5–83.7) 1.20 (0.93–1.55)

  West 205/242 84.7 (79.6–89.0) 1.38 (0.95–2.01)

Alternate airways

  Combitube 73/84 86.9; 77.8–94.12

  Esophageal Obturator 12/21 57.1; 34.0–78.2

Airway

  Laryngeal Mask Airway 89/145 61.4; 52.9–69.3

  King 80/90 88.9; 80.5–94.5

  Cricothyroidotomy (needle and open) 27/30 90; 73.5–97.9

Totals are different than reported in table 1 due to missing data for procedural success. Records not included in analysis if success was not reported. 
Odds ratios not reported for alternate airways due to low numbers and overlapping missing data for procedural success.
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Table 4

Complications of airway management procedures

Complication N (out of 3,936) (N per 1,000 interventions,
95% CI)

Bleeding 35 (8.9, 6.2–12.3)

Bradycardia 1 (0.3, 0.0–1.4)

Esophageal intubation – Immediately detected 36 (9.1, 6.4–12.6)

Hypotension 3 (0.8, 0.2–2.2)

Hypoxia 6 (1.5, 0.6–3.3)

Injury 10 (2.5, 1.2–4.7)

Vomiting 35 (8.9, 6.2–12.3)

Other 107 (27.2, 22.3–32.8)
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