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Abstract

Background—Helicopter emergency medical services (HEMS) are frequently used to transport
injured children, despite unclear evidence of benefit. The study objective was to evaluate the
association of HEMS compared to ground emergency medical services (GEMS) transport with
outcomes in a national sample of pediatric trauma patients.

Methods—~Patients age <15 undergoing scene transport by HEMS or GEMS in the NTDB
2007-2012 were included. Propensity score matching was used to match HEMS and GEMS
patients for likelihood of HEMS transport based on demographics, prehospital physiology and
time, injury severity, and geographic region. Absolute standardized differences <0.1 indicated
adequate covariate balance between groups after matching. The primary outcome was in-hospital
survival, while the secondary outcome was discharge disposition in survivors. Conditional logistic
regression determined the association between HEMS versus GEMS transport with outcomes
while controlling for demographics, admission physiology, injury severity, non-accidental trauma,
and in-hospital complications not accounted for in the propensity score. Subgroup analysis was
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performed in patients with transport time >15 min to capture patients with the potential for HEMS
transport.

Results—A total of 25,700 HEMS/GEMS pairs were matched from 166,594 patients. Groups
were well matched with all propensity score variables having absolute standardized differences
<0.1. In matched patients, HEMS was associated with a 72% increase in odds of survival
compared to GEMS (AOR 1.72; 95%Cl 1.26—2.36, p<0.01). Transport mode was not associated
with discharge disposition (p=0.47). Subgroup analysis included 17,657 HEMS/GEMS pairs.
HEMS was again associated with a significant increase in odds of survival (AOR 1.81; 95%CI
1.24—2.65, p<0.01), while transport mode was not associated with discharge disposition (p=0.58).

Conclusions—Scene transport by HEMS was associated with improved odds of survival
compared with GEMS in pediatric trauma patients. Further study is warranted to understand the
underlying mechanisms and develop specific triage criteria for HEMS transport in this population.

Level of Evidence—III, therapeutic study

Keywords

Helicopter; Children; Outcomes; Prehospital; Emergency medical services

Background

Helicopter emergency medical services (HEMS) have become an integral component of
modern trauma systems. HEMS has been shown to improve trauma center access for a
substantial proportion of the United States (US) population.! Trauma is well known as a
time-sensitive disease.2 HEMS can offer a significant benefit by reducing time to definitive
care for the patient injured remotely from a trauma center when compared with ground
emergency medical service (GEMS) transport, due to higher speed and straight line flight
irrespective of traffic and weather impediments.3 Further, HEMS crews may offer advanced
interventions not available from GEMS providers, which can improve survival in severely
injured patients.%

To this end, HEMS is often used to transport injured children to a trauma center. However,
this intervention carries additional risks and costs that may or may not be outweighed by the
benefits.5 7 While several studies have established a benefit of HEMS compared to GEMS
in the adult population,®13 the evidence is less clear to support use of HEMS transport in
pediatric trauma patients.14 12 As injury remains the leading cause of death and productive
life-years lost among children, interventions to reduce these potentially have a significant
public health impact.16

The objective of this study was to evaluate the association of HEMS compared to GEMS
transport with outcomes in a national sample of pediatric trauma patients. We hypothesized
that HEMS transport would be associated with improved survival and increased likelihood
of discharge to home when compared with GEMS transport.
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Study Population

Patients aged <15 years old who underwent transport from the scene of injury to a definitive
care hospital by either HEMS or GEMS in the National Trauma Databank (NTDB) between
2007 and 2012 were included. Patients transferred from a referring hospital, those with burn
injury, or that were dead on arrival to the emergency department (ED) were excluded.
Demographics, injury characteristics, /nternational Classification of Diseases, Ninth
Revision (1CD-9) diagnosis codes, and hospital disposition were collected for each subject.
All prehospital and admission vital signs were age-adjusted and binary variables created to
indicate whether each vital sign was abnormal for the child's age.17-1° Patients undergoing
GEMS transport were considered the control group, while patients undergoing HEMS
transport were considered the treatment group.

Missing Data

Multiple imputation was performed for analysis variables missing <35% of observations.
Imputed variables included race, insurance status, mechanism of injury, prehospital systolic
blood pressure (SBP), prehospital heart rate (HR), prehospital respiratory rate (RR), and
prehospital Glasgow Coma Scale (GCS), prehospital time, admission SBP, admission HR,
admission RR, and admission GCS. Multiple imputation using iterative fully conditional
specification chained models was performed to develop five imputed datasets. Outcome
models were performed using estimation techniques that combine model coefficients and
standard errors from each imputed dataset while adjusting for the variability between
imputed datasets.2% Missing data for imputed variables ranged from 2% (admission HR) to
32% (prehospital SBP). The analysis was repeated using complete cases only, and no
significant differences were seen between the imputed and complete case results. Thus,
imputed results are presented below.

Propensity Score Matching

Since transport mode was not randomly assigned, a selection bias exists with HEMS
subjects more likely to be severely injured. To mitigate this, propensity score matching was
performed. Propensity score matching produces more accurate treatment effect estimates
when comparing HEMS and GEMS patients, reducing selection bias by matching treated
and control subjects based on their likelihood of being exposed to the treatment of interest
using observed variables that influence treatment assignment.10: 21 The propensity score
model was developed to predict the likelihood of undergoing HEMS transport based on
variables that would be directly available to prehospital providers or as a proxy for
information and factors that would reasonably influence the decision to assign a patient to
either HEMS or GEMS transport at the scene of injury.

Covariates in the propensity score model included age, gender, mechanism of injury,

prehospital hypotension, prehospital tachycardia or bradycardia, prehospital tachypnea or
apnea, prehospital GCS, total prehospital time, injury severity score (ISS), the presence of
any one of the eight anatomic triage criteria from the Centers for Disease Control national
field triage guidelines,?? availability of a level | pediatric trauma center, and United States
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(US) geographic census region. Propensity scores were estimated using a probit model.
Propensity scores for each patient were averaged across the imputed datasets and the average
propensity score used for matching.23

Since important differences may exist across specific ages within the pediatric population,
the study population was categorized into infant/toddler (age <2years), children (age 2-12
years), and adolescents (age >12) age subgroups based on established standards.24 Matching
was performed within each age subgroup using a 1:1 ratio nearest neighbor algorithm
without replacement or caliper. This ensured that only patients within each age subgroup
could be matched. Matched pairs from each age subgroup were then re-combined to give the
final matched cohort.

Standardized differences were used to assess the balance of covariates used in propensity
score estimation after matching. The percent reduction in mean bias after matching was also
assessed.2> An absolute value for the standardized difference <0.1 for a given variable was
considered to indicate good balance between treatment groups.26

Statistical Analysis

The primary outcome was in-hospital survival. The secondary outcome examined was
discharge disposition in survivors, categorized as discharge home with no services versus
discharge needing additional services, including discharge to a rehabilitation center, skilled
nursing facility, or with home care. Conditional logistic regression models were used to
determine the association of outcomes with HEMS compared to GEMS transport, while
accounting for the matched pair design. Model covariates were selected a priori for known
prognostic significance in each outcome after injury which were not accounted for in the
propensity score matching procedure. Covariates included race, insurance status, Trauma
Mortality Prediction Model (TMPM) predicted mortality,2’ admission hypotension,
abnormal admission HR, abnormal admission RR, admission GCS, ICU admission, need for
mechanical ventilation, urgent operation, occurrence of in-hospital complications, non-
accidental trauma, and trauma center type (adult only level I/11, pediatric only level I/11,
mixed adult/pediatric level I/11, non-level I/11 center). Given recent evidence that trauma
center type influences mortality in children,28 interactions were tested between transport
mode and trauma center type as well as trauma center level to determine if the effect of
transport mode on survival differs across these factors. Discharge disposition models were
also adjusted for presence of an extremity injury with abbreviated injury scale (AlS)>2 and
presence of a spinal cord injury. Model standard errors were calculated using a robust
variance estimator to account for clustering at the center level. Adjusted odds ratios (AOR)
and 95% confidence intervals (95%CI) of HEMS compared to GEMS transport were
determined for each outcome. Numbers needed to treat (NNT) were calculated from AORs
and expressed as number of patients required to undergo HEMS to save one additional life
or to result in one additional discharge home.29 The distribution of deaths over time was
evaluated between groups to assess differences in timing of death across transport mode.

Collinearity was assessed using variance inflation factors and any covariate with a value >10
was removed from final models. Since typical measures of logistic regression discrimination
cannot be calculated for conditional logistic regression models, the model above was applied
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as a simple logistic regression model to the study population prior to matching and the c-
statistic determined to ensure adequate discrimination of the covariates for each outcome. To
evaluate the conditional model as applied to the matched cohort, lack-of-fit and delta-B
influence statistics were evaluated to identify potential outlier pairs. These outlier pairs were
then deleted and the conditional regression model re-run to evaluate the change in coefficient
for treatment effect.30

A formal sensitivity analysis for hidden bias was also performed.3! The goal of this analysis
was to determine the magnitude of unaccounted bias that would be necessary to explain the
association between transport mode and mortality, potentially changing the inference of the
results. Matched pairs were analyzed based on outcome concordance and transport mode
using McNemar's test to evaluate a confidence interval for significance across a range of
sensitivity parameter (I') values representing uncertainty in treatment assignment due to
unobserved confounding. The T value at which the confidence interval is no longer
significant represents the magnitude of unobserved confounding that would be needed to
potentially change the association observed between transport mode and survival. Higher
values of T" indicate greater robustness to hidden bias.

For baseline subject-level comparisons, standardized differences were used with an absolute
value >0.1 considered to indicate residual imbalance between treatment groups.
Standardized differences have been proposed as a superior method of comparing baseline
characteristics in matched samples.32 Standardized differences are not influenced by large
samples sizes as t-tests or Chi-square tests are, which can result in statistically significantly
differences when no clinically meaningful difference exists. Data analysis was conducted
using Stata v13MP (College Station, TX).

Subgroup Analysis

Results

HEMS transport is also subject to logistical considerations within trauma systems. Some
children are injured close enough to a trauma center that it would be impractical to transport
them by HEMS. In these cases, activation and response of HEMS to the scene would
actually significantly prolong prehospital time. This group would not have the potential to
undergo HEMS transport and it may be less useful to evaluate the effect of HEMS
comparted to GEMS on outcome in these patients. Thus, to capture patients with the
potential to undergo HEMS transport, a subgroup analysis was performed on patients with a
transport time >15 minutes. This cut off was selected as it represents the 25 percentile of
HEMS transport time in the matched cohort. The conditional logistic models described
above were repeated in matched pairs of HEMS and GEMS patients with a transport time
>15 minutes.

A total of 166,594 patients were included in the study population, with 25,837 (16%)
undergoing HEMS transport (Fig. 1). Overall, 58% of patients had an 1SS<9 and 47% of
patients had a hospital length of stay <1 day. Among HEMS patients, 41% of patients had an
I1SS<9 and 30% of patients had a hospital length of stay <1 day. Prior to matching, HEMS
patients were slightly older, had longer prehospital time, more abnormal prehospital vital
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signs, higher injury severity, and more often were treated at a level | pediatric trauma center
(Table 1). Unadjusted survival was lower among HEMS patients.

From the initial study population, 25,700 pairs were matched from each transport group
giving a final matched cohort of 51,400 patients for analysis. The matching procedure
produced well balanced groups, with all absolute standardized differences <0.1 for each
variable used in the propensity score (Fig. 2). This resulted in an 85% reduction in mean bias
after matching.

Table 2 summarizes and compares patient characteristics for the matched groups. After
matching, HEMS patients were more likely to be Caucasian, require ICU admission and
mechanical ventilation, and less likely to be transported to a non-level I/11 trauma center.

When evaluating outcomes in the matched cohort, HEMS transport was independently
associated with a 72% increase in the odds of in-hospital survival after controlling for in-
hospital confounders (AOR 1.72; 95%CI 1.26—2.36, p<0.01). This translates into a NNT of
41 (95%CI 29-84). Transport mode was not associated with discharge disposition in
survivors (AOR 1.10; 95%CI 0.84—1.43, p=0.49).

Trauma center type was not associated with survival in the matched cohort (p>0.05). Further,
the interaction between trauma center type and transport mode was not significant, and not
included in the final models (p>0.05). Similar results were seen when evaluated by pediatric
age subgroups. When comparing level | to level 11 designation, there was no association with
survival (p=0.55) and there was no interaction between trauma center level and transport
mode (p=0.50). When comparing level | to level 1l designation among only pediatric trauma
centers, level I designation was associated with a more than two-fold increase in survival
(AOR 2.71; 95%CI 1.10—6.69, p=0.03), although there was no interaction between
pediatric trauma level and transport mode (p=0.37).

Most deaths occurred within 48 hours in both groups (Fig. 3). The overall distribution in
timing of deaths was significantly different between groups (p<0.01). A greater proportion
of deaths in the GEMS group occurred in the ED (p<0.01) and first 24 hours (p<0.01);
however, by 48 hours the cumulative proportion of deaths catches up in the HEMS group
and remains similar over time (p>0.05).

The survival model demonstrated excellent discrimination in the initial study population
prior to matching, with a c-statistic of 0.95. Conditional logistic regression diagnostics
identified three clear outlier pairs. Deletion of these resulted in a 6% change in the model
coefficient for HEMS compared to GEMS transport, giving a similar result as the primary
analysis (AOR 1.78; 95%CI 1.27—2.49, p<0.01). Similarly, the discharge disposition model
had excellent discrimination, with a c-statistic of 0.88. Only one clear outlier pair was
identified and deletion resulted in a similar 6% change in the model coefficient for transport
mode, again giving a comparable result as the primary analysis (AOR 1.11; 95%CI 0.85—
1.44, p=0.47). Sensitivity analysis for hidden bias revealed a sensitivity parameter I'=2.6.
This indicates if unobserved confounding exists which perfectly predicted survival, it would
have to be >2.6 times more common in the HEMS group to potentially change the
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association observed between HEMS and survival. This suggests a fair robustness to
potential hidden bias.

There were 17,657 (69%) HEMS/GEMS matched pairs with a transport time >15 minutes

included in the subgroup analysis. HEMS transport remained significantly associated with

survival, with an 81% increase in the odds of in-hospital survival compared to GEMS

transport (AOR 1.81; 95%CI 1.24—2.65, p<0.01). Again, transport mode was not associated

with discharge disposition in survivors (AOR 1.07; 95%CI 0.84—1.38, p=0.58).
Discussion

This is the largest and most robust study to date to examine prehospital transport mode in the
pediatric trauma population. Our findings demonstrate a significant survival advantage for
HEMS transport from the scene of injury when compared to GEMS transport in a well-
matched cohort of pediatric trauma patients. One life may be saved for every additional 41
children undergoing HEMS instead of GEMS transport based on these results. HEMS
appears to impact very early mortality which may represent salvageable patients with
correctable problems, such as airway issues and hemorrhagic shock. The higher proportion
of deaths between 24 and 48 hours for the HEMS group may represent non-salvageable
patients with moribund central nervous system injuries. However, cause of death is not
available in the current data and requires additional study. Further, death timing after 48
hours is similar between groups and it does not appear that HEMS transport simply shifts
death until later in the hospital stay. Further, it does not appear that the association between
HEMS transport and survival is significantly altered by trauma center type or level in this
matched cohort. Transport mode was not, however, associated with discharge disposition
among survivors.

Similar large studies in the adult trauma population have demonstrated benefits ranging from
a 16% to 64% increase in the odds of survival for HEMS compared to GEMS

transport.8 10. 12, 15 However, prior studies investigating this issue in the pediatric trauma
population are few and present conflicting results. Moront and colleagues reported improved
survival associated with HEMS transport in a cohort of nearly 4,000 injured children using
TRISS methodology.33 Missios and Bekelis more recently examined a propensity matched
cohort of pediatric patients with traumatic brain injury from the NTDB, demonstrating a
77% increase in the odds of survival for children transported by HEMS to a level | trauma
center.34 This effect size is similar to the survival benefit seen in the current study.

Conversely, some groups have not shown a benefit of HEMS transport among injured
children. Larson et al evaluated pediatric patients undergoing scene HEMS transport
compared to inter-facility referrals.3> The scene group had higher unadjusted mortality,
although this study likely suffers from survivor bias without further risk adjustment and does
not compare a control GEMS group. Recently Stewart and colleagues investigated outcomes
for HEMS compared to GEMS transport in nearly 15,000 injured children.1® They evaluated
several scenarios, making adjustments for transport time and distance. The authors did not
find an association with transport mode and survival, and in some analyses GEMS was
associated with reduced length of stay compared with HEMS transport. The authors

J Trauma Acute Care Surg. Author manuscript; available in PMC 2017 May 01.
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included a propensity matched analysis; however, this was limited by the use of only GCS
and ISS in the propensity score which resulted in matching only 20% of their HEMS
patients.

The mechanism underlying the benefit seen in this study is likely multifactorial.> HEMS
offers a potential speed benefit over GEMS, depending on distances between the scene,
trauma center, and HEMS base, as well as HEMS activation timing, traffic, and weather
conditions. This may reduce out of hospital time which would affect children with time
sensitive injuries. Further, the additional capabilities and experience of HEMS crews likely
provides benefit in severely injured patients over GEMS. Our group has shown that a
survival benefit for HEMS exists in adult patients, even in the absence of a time-saving
advantage.3% Specific advanced prehospital interventions such as blood transfusion may be
available from HEMS and can reduce mortality.% 37 These differences may be even more
pronounced in children, as severe pediatric trauma is a relatively rare call for GEMS
providers.38 One group found GEMS had unacceptably high complication and failure rates
for pediatric intubation, while HEMS crews provided safe and effective intubation.3° Finally,
trauma center access may also play a role in the benefit of HEMS transport. HEMS may
reduce time to definitive care by transporting a patient to a trauma center capable of
definitively managing all injuries rather than initial evaluation at a non-trauma center and
subsequent transfer. This may also be even more relevant in the pediatric population.
Emerging evidence demonstrates superior outcomes for injured children treated at pediatric
trauma centers compared with adult or mixed trauma centers.28 Our data also suggest a
higher pediatric trauma center level may be associated with improved survival. Thus, HEMS
may afford an opportunity to transport injured children to a pediatric designated trauma
center, particularly as fewer pediatric trauma centers exist and are more geographically
distributed. The survival benefit seen in this study is likely due to one or more of these
factors; however, the current data cannot determine which specific factors are responsible.

The lack of association between transport mode and discharge disposition was contrary to
our original hypothesis. HEMS transport has been associated with increased odds of
discharged to home among injured adults.8: 40 The inability to demonstrate this result may
be due to several factors in the current study. Variations in care and events during
hospitalization represent a set of competing risks and thus make it difficult to establish an
association with prehospital transport mode, particularly in a retrospective study. While we
did control for in-hospital care and complications, the NTDB only collects a limited pre-
defined set of variables and other unobserved factors may play an important role. Discharge
disposition may also be influenced by socioeconomic factors that are unrelated to transport
mode. This may be further complicated by the fact that more HEMS patients will have come
from farther away and this may alter discharge options and planning.1! Finally, it may be
that that transport mode does not substantially influence this outcome in children after
injury. A more optimistic alternative interpretation of this finding is possible, particularly in
the context of improved survival. While HEMS transport did not increase the likelihood of
discharge to home, it also was not associated with need for greater services or discharge to
skilled nursing facilities after discharge. This may indicate that HEMS transport contributes
to meaningful survival, rather than just saving additional children that are neurologically
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devastated or otherwise live with severe disability after injury. A more rigorous evaluation of
disability and long-term outcomes is necessary to confirm this possibility.

While we did demonstrate a survival benefit for HEMS transport, clearly not every child
undergoing HEMS transport is benefiting. In fact, several studies document high overtriage
rates for HEMS transport in pediatric trauma patients, ranging from 17% to 57% depending
on the definition of overtriage.11: 14 41-430yr study demonstrated comparable proportions of
HEMS patients had an 1SS<9 or length of stay <1 day. Knofsky et al demonstrated that
injured pediatric HEMS patients were both less severely injured and more likely to be
discharged from the ED when compared to their adult counterparts.*2

These findings are troubling when considering the aviation risks and costs of HEMS
transport. While both GEMS and HEMS transport have increased risk of injury from crashes
in the line of duty, HEMS accidents are more deadly, with a rate up to 0.02 fatal crashes per
100,000 miles flown and 0.86 fatalities per accident.® 44 HEMS providers had the deadliest
job in the US with 113 fatalities per 100,000 employees in 2007. Further, each unnecessary
transport can carry a charge between $6,500 and $13,000 with hourly operating costs as high
as $1,500.7

Thus, patient selection becomes paramount. Although the high overtriage rate has been well
documented in pediatric HEMS transport after injury, few studies have examined specific
triage criteria to reduce this. Moront and colleagues reported that using a GCS<12 and
HR>160 for HEMS triage provided a 99% sensitivity and 90% specificity for identifying
pediatric trauma patients with <95% predicted probability of survival.33 The American
College of Surgeons Committee on Trauma has made development of standardized
evidence-based HEMS triage criteria a national priority;*> however these efforts remain
limited, even among adult trauma patients.46-49 As this study demonstrates a survival benefit
at the population-level, the next step would be to concentrate on developing triage criteria
for HEMS scene transport in pediatric trauma patients that can prospectively identify
patients in the field most likely to benefit from this intervention, and avoid the safety risks
and unnecessary costs to the health care system.

This study does have several limitations for consideration. First are those of any
retrospective design. Second are those of the NTDB dataset. While NTDB data quality has
improved over time, high levels of missing data exist, particularly among prehospital data.
Multiple imputation was used to mitigate this, and this method has been validated in the
NTDB previously.? No significant differences in the direction and magnitude of
associations between transport mode and outcomes were found when using complete cases
only. We were limited in outcomes available for study; however, outcomes such as longer-
term disability and level of functioning are important to evaluate in severely injured children,
particularly given the possibility of significant productivity loss over a lifetime. Further, the
NTDB does not indicate the level of prehospital care provided during transport. As noted
above, the mechanisms driving the survival benefit found cannot be elucidated using this
dataset. While we used propensity score matching to mitigate the selection bias in transport
mode allocation, only observed variables can be included in the propensity score and
unmeasured confounding may remain. While our sensitivity analysis suggests a fair
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robustness to hidden bias, nevertheless such bias may exist. Our subgroup analysis was
based on the recognition that not all patients are candidates for HEMS transport based on
distance; however, the cut off used for transport time was selected arbitrarily as the 25t
percentile of HEMS transport time. This transport time also represents different distances in
a helicopter and ground ambulance. Some patients may not have had the potential to
undergo HEMS transport due to weather conditions at the time of injury, while others may
have only been able to be transported by HEMS due to inaccessible terrain for ground
ambulances. Finally, the dataset represents a heterogeneous national population, while
individual trauma system characteristics will likely influence outcomes and applicability of
these findings.

Conclusion

In the largest and most robust evaluation of outcomes related to prehospital transport mode
in pediatric trauma patients, scene transport by HEMS was associated with improved odds of
survival compared with GEMS nationally. Further study is warranted to understand the
underlying mechanisms that drive this benefit and to develop specific triage criteria for
HEMS transport in this population.

Acknowledgments

Committee on Trauma, American College of Surgeons. NTDB 2007-2012, Chicago, IL. The content reproduced
from the NTDB remains the full and exclusive copyrighted property of the American College of Surgeons. The
American College of Surgeons is not responsible for any claims arising from works based on the original data, text,
tables, or figures.

No funding or support was directly received to perform the current study. Dr. Brown receives support from an
institutional T-32 Ruth L. Kischstein National Research Service Award training grant (5-T32-GM-008516-20) from
the National Institutes of Health.

References

1. Branas CC, MacKenzie EJ, Williams JC, Schwab CW, Teter HM, Flanigan MC, Blatt AJ, ReVelle
CS. Access to trauma centers in the United States. JAMA. 2005; 293:2626-2633. [PubMed:
15928284]

2. Sampalis JS, Denis R, Lavoie A, Frechette P, Boukas S, Nikolis A, Benoit D, Fleiszer D, Brown R,
Churchill-Smith M, et al. Trauma Care Regionalization: A Process-Outcome Evaluation. J Trauma
Acute Care Surg. 1999; 46:565-581.

3. Diaz MA, Hendey GW, Bivins HG. When Is the Helicopter Faster? A Comparison of Helicopter and
Ground Ambulance Transport Times. The Journal of Trauma: Injury, Infection, and Critical Care.
2005; 58:148-153.

4. Brown JB, Sperry JL, Fombona A, Billiar TR, Peitzman AB, Guyette FX. Pre-Trauma Center Red
Blood Cell Transfusion Is Associated with Improved Early Outcomes in Air Medical Trauma
Patients. J Am Coll Surg. 2015:797-808. [PubMed: 25840537]

5. Galvagno SM Jr. Comparative effectiveness of helicopter emergency medical services compared to
ground emergency medical services. Crit Care. 2013; 17:169. Epub ahead of print 2013/07/31.
[PubMed: 23890322]

6. Bledsoe BE, Smith MG. Medical Helicopter Accidents in the United States: A 10-Year Review. The
Journal of Trauma: Injury, Infection, and Critical Care. 2004; 56:1325-1329.

7. Delgado MK, Staudenmayer KL, Wang NE, Spain DA, Weir S, Owens DK, Goldhaber-Fiebert JD.
Cost-effectiveness of helicopter versus ground emergency medical services for trauma scene
transport in the United States. Ann Emerg Med. 2013; 62:351-364 €319. [PubMed: 23582619]

J Trauma Acute Care Surg. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brown et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 11

. Brown JB, Stassen NA, Bankey PE, Sangosanya AT, Cheng JD, Gestring ML. Helicopters and the

civilian trauma system: national utilization patterns demonstrate improved outcomes after traumatic
injury. J Trauma. 2010; 69:1030-1034. discussion 1034-1036. [PubMed: 21068607]

. Brown JB, Stassen NA, Bankey PE, Sangosanya AT, Cheng JD, Gestring ML. Helicopters improve

survival in seriously injured patients requiring interfacility transfer for definitive care. J Trauma.
2011; 70:310-314. [PubMed: 21307726]

. Galvagno SM Jr, Haut ER, Zafar SN, Millin MG, Efron DT, Koenig GJ Jr, Baker SP, Bowman SM,
Pronovost PJ, Haider AH. Association between helicopter vs ground emergency medical services
and survival for adults with major trauma. JAMA. 2012; 307:1602-1610. Epub ahead of print
2012/04/19. [PubMed: 22511688]

Stewart KE, Cowan LD, Thompson DM, Sacra JC, Albrecht R. Association of direct helicopter
versus ground transport and in-hospital mortality in trauma patients: a propensity score analysis.
Acad Emerg Med. 2011; 18:1208-1216. [PubMed: 22092906]

Sullivent EE, Faul M, Wald MM. Reduced mortality in injured adults transported by helicopter
emergency medical services. Prehosp Emerg Care. 2011; 15:295-302. [PubMed: 21524205]

Thomas SH, Harrison TH, Buras WR, Ahmed W, Cheema F, Wedel SK. Helicopter transport and
blunt trauma mortality: a multicenter trial. J Trauma. 2002; 52:136-145. Epub ahead of print
2002/01/16. [PubMed: 11791064]

Michailidou M, Goldstein SD, Salazar J, Aboagye J, Stewart D, Efron D, Abdullah F, Haut ER.
Helicopter overtriage in pediatric trauma. J Pediatr Surg. 2014; 49:1673-1677. [PubMed:
25475816]

Stewart CL, Metzger RR, Pyle L, Darmofal J, Scaife E, Moulton SL. Helicopter versus ground
emergency medical services for the transportation of traumatically injured children. J Pediatr Surg.
2015; 50:347-352. [PubMed: 25638635]

Borse, NN.; Gilchrist, J.; Dellinger, AM.; Rudd, RA.; Ballesterso, MF.; Sleet, DA. CDC Childhood
Injury Report: Patterns of Unintentional Injuries among 0 -19 Year Olds in the United States,
2000-2006. Centers for Disease Control and Prevention, National Center for Injury Prevention and
Control; 2008.

Haque 1U, Zaritsky AL. Analysis of the evidence for the lower limit of systolic and mean arterial
pressure in children. Pediatr Crit Care Med. 2007; 8:138-144. Epub ahead of print 2007/02/03.
[PubMed: 17273118]

Kleinman ME, Chameides L, Schexnayder SM, Samson RA, Hazinski MF, Atkins DL, Berg MD,
de Caen AR, Fink EL, Freid EB, et al. Pediatric advanced life support: 2010 American Heart
Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Pediatrics. 2010; 126:€1361-1399. Epub ahead of print 2010/10/20. [PubMed: 20956434]

Zubrow AB, Hulman S, Kushner H, Falkner B. Determinants of blood pressure in infants admitted
to neonatal intensive care units: a prospective multicenter study. Philadelphia Neonatal Blood
Pressure Study Group. J Perinatol. 1995; 15:470-479. Epub ahead of print 1995/11/01. [PubMed:
8648456]

Rubin, DB. Multiple Imputation for Nonresponse in Surveys. Hoboken, NJ: John Wiley & Sons;
1987.

Rubin DB. Estimating causal effects from large data sets using propensity scores. Ann Intern Med.
1997; 127:757-763. Epub ahead of print 1998/02/12. [PubMed: 9382394]

Sasser SM, Hunt RC, Faul M, Sugerman D, Pearson WS, Dulski T, Wald MM, Jurkovich GJ,
Newgard CD, Lerner EB, et al. Guidelines for Field Triage of Injured Patients. MMWR. 2012;
61:1-20. [PubMed: 22237112]

Mitra R, Reiter JP. A comparison of two methods of estimating propensity scores after multiple
imputation. Stat Methods Med Res. 2012

Williams K, Thomson MA, Steo |, Gontopoulos-loannidis DG, loannidia JP, Curtis S, Constantin
E, Batmanabane G, Hartling L, Klassen T. Standard 6: Age groups for pediatric trials. Pediatrics.
2012; 129:S153-S160. [PubMed: 22661762]

Rosenbaum PR, Rubin D. Constructing a control group using multivariate matched sampling
methods that incorporate the propensity score. Am Stat. 1985; 39:33-38.

J Trauma Acute Care Surg. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brown et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 12

Yang, D.; Dalton, JE. [Accessed: March 29, 2014] A unified approach to measuring the effect size
between two groups using SAS®. Available at: http://support.sas.com/resources/papers/
proceedings12/335-2012.pdf

Glance LG, Osler TM, Mukamel DB, Meredith W, Wagner J, Dick AW. TMPM-ICD9: a trauma
mortality prediction model based on ICD-9-CM codes. Ann Surg. 2009; 249:1032-1039.
[PubMed: 19474696]

Sathya C, Alali AS, Wales PW, Scales DC, Karanicolas PJ, Burd RS, Nance ML, Xiong W,
Nathens AB. Mortality Among Injured Children Treated at Different Trauma Center Types. JAMA
Surg. 2015; 150:874-881. [PubMed: 26106848]

Lindenauer PK, Pekow P, Wang K, Gutierrez B, Benjamin EM. Lipid-lowering therapy and in-
hospital mortality following major noncardiac surgery. JAMA. 2004; 291:2092-2099. Epub ahead
of print 2004/05/06. [PubMed: 15126437]

Hosmer, DW.; Lemeshow, S. Applied Logistric Regression. Second. New York: John Wiley &
Sons; 2000.

Rosenbaum, PR. Sensitivity to Hidden Bias. In: Rosenbaum, PR., editor. Observational Studies.
New York, NY: Springer; 2002. p. 105-170.

Austin PC. Balance diagnostics for comparing the distribution of baseline covariates between
treatment groups in propensity-score matched samples. Stat Med. 2009; 28:3083-3107. [PubMed:
19757444]

Moront ML, Gotschall CS, Eichelberger MR. Helicopter transport of injured children: System
effectiveness and triage criteria. J Pediatr Surg. 1996; 31:1183-1188. [PubMed: 8863261]
Missios S, Bekelis K. Transport mode to level | and 11 trauma centers and survival of pediatric
patients with traumatic brain injury. J Neurotrauma. 2014; 31:1321-1328. [PubMed: 24605922]

Larson JT, Dietrich AM, Abdessalam SF, Werman HA. Effective use of the air ambulance for
pediatric trauma. J Trauma. 2004; 56:89-93. [PubMed: 14749572]

Brown JB, Gestring ML, Guyette FX, Rosengart MR, Stassen NA, Forsythe RM, Billiar TR,
Peitzman AB, Sperry JL. Helicopter transport improves survival following injury in the absence of
a time-saving advantage. Surgery. 2015 Epub ahead of print Oct 22.

Brown JB, Cohen MJ, Minei JP, Maier RV, West MA, Billiar TR, Peitzman AB, Moore EE,
Cuschieri J, Sperry JL, et al. Pretrauma Center Red Blood Cell Transfusion Is Associated With
Reduced Mortality and Coagulopathy in Severely Injured Patients With Blunt Trauma. Ann Surg.
2014; 261:997-1005. [PubMed: 24670858]

Seid T, Ramaiah R, Grabinsky A. Pre-hospital care of pediatric patients with trauma. Int J Crit Ilin
Inj Sci. 2012; 2:114-120. Epub ahead of print 2012/11/28. [PubMed: 23181204]

Gerritse BM, Draaisma JM, Schalkwijk A, van Grunsven PM, Scheffer GJ. Should EMS-
paramedics perform paediatric tracheal intubation in the field? Resuscitation. 2008; 79:225-229.
Epub ahead of print 2008/08/08. [PubMed: 18684547]

Brown JB, Gestring ML, Stassen NA, Forsythe RM, Billiar TR, Peitzman AB, Sperry JL.
Geographic Variation in Outcome Benefits of Helicopter Transport for Trauma in the United
States. Annals of Surgery. 2015 Epub ahead of print Jan 23: Epub ahead of print.

Eckstein M, Jantos T, Kelly N, Cardillo A. Helicopter transport of pediatric trauma patients in an
urban emergency medical services system: A critical analysis. J Trauma Acute Care Surg. 2002;
53:340-344.

Knofsky M, Burns JB Jr, Chesire D, Tepas JJ, Kerwin AJ. Pediatric trauma patients are more likely
to be discharged from the emergency department after arrival by helicopter emergency medical
services. J Trauma Acute Care Surg. 2013; 74:917-920. [PubMed: 23425758]

Meyer MT, Gourlay DM, Wieitze KC, Ship MD, Drayna PC, Werner C, Lerner EB. Helicopter
interfacility transport of pediatric trauma patients: are we overutilizing a costly resource? J Trauma
Acute Care Surg. 2015 Epub ahead of print Oct 23.

Blumen, 1J.; Lees, D. Air Medical Safety: Your First Priority. In: Blumen, 1J.; Lemkin, DL.,
editors. Principles and Direction of Air Medical Transport. Salt Lake City, UT: Air Medical
Physician Association; 2006. p. 519-532.

Doucet J, Bulger E, Sanddal N, Fallat M, Bromberg W, Gestring M. Emergency Medical System
Subcommittee CoTACoS. Appropriate use of helicopter emergency medical services for transport

J Trauma Acute Care Surg. Author manuscript; available in PMC 2017 May 01.


http://support.sas.com/resources/papers/proceedings12/335-2012.pdf
http://support.sas.com/resources/papers/proceedings12/335-2012.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brown et al.

46.

47.

48.

49.

50.

Page 13

of trauma patients: guidelines from the Emergency Medical System Subcommittee, Committee on
Trauma, American College of Surgeons. J Trauma Acute Care Surg. 2013; 75:734-741. [PubMed:
24064891]

Brown JB, Forsythe RM, Stassen NA, Gestring ML. The National Trauma Triage Protocol: can this
tool predict which patients with trauma will benefit from helicopter transport? J Trauma Acute
Care Surg. 2012; 73:319-325. [PubMed: 22846934]

Ringburg AN, de Ronde G, Thomas SH, van Lieshout EM, Patka P, Schipper IB. Validity of
helicopter emergency medical services dispatch criteria for traumatic injuries: a systematic review.
Prehosp Emerg Care. 2009; 13:28-36. [PubMed: 19145521]

Thomas SH, Brown KM, Oliver ZJ, Spaite DW, Lawner BJ, Sahni R, Weik TS, Falck-Ytter Y,
Wright JL, Lang ES. An Evidence-based Guideline for the air medical transportation of
prehospital trauma patients. Prehosp Emerg Care. 2014; 18(Suppl 1):35-44. [PubMed: 24279767]
Brown JB, Gestring ML, Guyette FX, Rosengart MR, Stassen NA, Forsythe RM, Billiar TR,
Peitzman AB, Sperry JL. Development and Validation of the Air Medical Prehospital Triage Score
for Helicopter Transport of Trauma Patients. Ann Surg. 2015 Epub ahead of print Oct 22.

Moore L, Hanley JA, Lavoie A, Turgeon A. Evaluating the validity of multiple imputation for
missing physiological data in the national trauma data bank. J Emerg Trauma Shock. 2009; 2:73—
79. [PubMed: 19561964]

J Trauma Acute Care Surg. Author manuscript; available in PMC 2017 May 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brown et al.

NTDB 2007-12
Ages15
N=541,875

Non-HEMS or GEMS
transport
N=206,808
s | Transfer
= N=162,470
Burn injury
N=5,726
| Dead on arrival
= N=277
Study Population
N=166,594
HEMS GEMS
N=25,837 N=140,757

HEMS Matched GEMS Matched

N=25,700 (99.5%)

N=25,700 (18.3%)

Figurel.

Study participant selection and propensity score matching of helicopter emergency medical
service (HEMS) and ground emergency medical service (GEMS) patients age <15 from the

National Trauma Databank (NTDB) 2007—2012.
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Figure2.
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ground emergency medical services group before and after matching in propensity score
variables. Absolute standardized differences <0.1 (vertical dash line) are considered to
represent good balance of covariates between groups after matching.
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Figure 3.

Categorical percent and cumulative percent of deaths over time for the ground emergency
medical services (GEMS) group and helicopter emergency medical services (HEMS) group
in the matched cohort. A total of 1,570 (6%) patients died in the GEMS group, while 1,096
(4%) patients died in the HEMS group.Black bars represent the percent of deaths at each

time point. Gray bars represent the cumulative percent of deaths at each time point.
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Comparison of propensity score variablesin pediatric trauma patientstransported by
HEMSor GEMS prior to matching

HEMSn=25837 GEMSn=140,757 pvalue

Age [years, med (IQR)] 10 (5, 14) 10 (4, 13) <0.01
Age group [n (%)] <0.01

Infant/toddler age 3,346 (13) 22,566 (16)

Child age 13,495 (52) 71,202 (51)

Adolescent age 8,996 (35) 46,989 (33)
Sex [n (%) male] 16,664 (65) 92,638 (66) <0.01
Mechanism [blunt, n (%)] 23,561 (96) 123,181 (94) <0.01
Prehospital total time [mins, med (IQR)] 60 (47, 79) 42 (31, 59) <0.01
Prehospital hypotension [n (%)] 9,561 (37) 49,846 (35) <0.01
Prehospital tachycardia [n (%)] 4,636 (18) 20,889 (15) <0.01
Prehospital bradycardia [n (%)] 699 (3) 3,512 (2) 0.04
Prehospital tachypnea [n (%)] 4,670 (18) 26,532 (19) <0.01
Prehospital apnea [n (%)] 4,158 (16) 20,083 (14) <0.01
Prehospital GCS [med (IQR)] 15 (12, 15) 15 (15, 15) <0.01
Anatomic triage criteria [n (%)] 3,844 (15) 15,365 (11) <0.01
1SS [med (IQR)] 9(5,17) 5 (4, 9) <0.01
ISS category [n (%)] <0.01

1-8 10,625 (41) 85,010 (61)

9-15 7,379 (29) 35,642 (26)

16-24 3,936 (15) 11,364 (8)

25-75 3,804 (15) 7,255 (5)
Level | pediatric center [n (%)] 13,000 (50) 51,846 (37) <0.01
Geographic region [n (%)] <0.01

Midwest 3,839 (15) 34,454 (25)

Northeast 2,894 (11) 21,498 (15)

South 11,728 (45) 47,120 (33)

West 7,349 (29) 37,301 (27)
Length of stay [days, med (IQR)] 3(1,5) 1(1,3) <0.01
Length of stay <1 day [n (%)] 7,796 (30) 70,943 (50) <0.01
In-hospital Survival [n (%)] 24,726 (96) 137,694 (98) <0.01
Discharge disposition in survivors [n (%)] <0.01

Home 21,443 (91) 117,560 (96)

Need for additional services 2,255 (9) 4,651 (4)

1duosnuep Joyiny

HEMS, helicopter emergency medical services; GEMS, ground emergency medical services; med, median; IQR, interquartile range; HR, heart rate;
RR, respiratory rate; GCS, Glasgow Coma Scale; ISS, injury severity score
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Characteristics of matched pediatric trauma patientstransported by HEMSor GEMS

HEMSn=25700 GEMSn=25700 Standardized difference’

Age [years, med (IQR)]

Age group [n (%)]
Infant/toddler age
Child age
Adolescent age

Sex [n (%) male]

Race [n (%)]
Caucasian
Non-Caucasian

Insurance Status [n (%)]
Commercial
Subsidized/None

Mechanism [blunt, n (%)]

Prehospital transport time [mins, med (IQR)]

Prehospital total time [mins, med (IQR)]
Prehospital hypotension [n (%)]
Prehospital abnormal HR [n (%)]
Prehospital abnormal RR [n (%)]
Prehospital GCS [med (IQR)]
Anatomic triage criteria [n (%)]
1SS [med (IQR)]
ISS category [n (%)]

1-8

9-15

16-24

25-75
TMPM predicted mortality [%, med(IQR)]
ICU admission [n (%)]
Urgent operation [n (%)]
Mechanical ventilation [n (%)]
Trauma center type [n (%)]

Adult

Pediatric

Mixed

Non-trauma center
Geographic region [n (%)]

Midwest

Northeast

South

10 (5, 14)

3,319 (13)
13,426 (52)
8,955 (35)
16,579 (65)

18,939 (74)
6,761 (26)

13,568 (53)
12,132 (47)
24,690 (96)
22 (16, 32)
57 (43, 75)
12,548 (49)
7,153 (28)
12,453 (49)
15 (13, 15)
3,830 (15)
95, 17)

10,619 (41)
7,360 (29)
3,930 (15)
3,791 (15)

1.9 (1.0, 6.2)
10,299 (40)
3,950 (15)
4,700 (18)

8,504 (33)
3,597 (14)

12,231 (48)
1,368 (5)

3,820 (15)
2,873 (11)
11,673 (45)

10 (5, 14)

3,319 (13)
13,426 (52)
8,955 (35)
16,495 (64)

14,062 (55)
11,638 (45)

12,598 (49)
13,102 (51)
24,548 (95)
19 (12, 29)
44 (31, 62)
12,581 (49)
7,285 (28)
12,531 (49)
15 (13, 15)
4,071 (16)
9(4,17)

11,144 (43)
6,862 (27)
3,571 (14)
4,123 (16)

1.7 (1.0, 6.0)
7,941 (31)
3,350 (13)
3,528 (14)

7,667 (30)
3,371 (13)
11,949 (47)
2,713 (10)

3,649 (14)
3,037 (12)
11,659 (45)

-0.002

0.006
0.404

0.074

0.027
-0.012
-0.023
-0.006
-0.011
-0.007
-0.006
-0.027
-0.002

-0.041
0.043
0.040
-0.035
-0.015
0.191
0.068
0.122

0.069
0.028
0.021
-0.193

0.019
-0.022
0.005
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HEMSn=25700 GEMSn=25700 Standardized difference’

Wiest 7,335 (29) 7,355 (29) -0.005
In-hospital Survival [n (%)] 24,604 (96) 24,130 (94) 0.081
Discharge disposition in survivors [n (%)] -0.038

Home 21,329 (91) 20,062 (92)

Need for additional services 2,251 (9) 1,851 (8)

*
Represents the standardized difference between groups after matching. Absolute values for the standardized difference >0.1 are considered to
indicate imbalance between groups after matching.

HEMS, helicopter emergency medical services; GEMS, ground emergency medical services; med, median; IQR, interquartile range; HR, heart rate;
RR, respiratory rate; GCS, Glasgow Coma Scale; ISS, injury severity score; TMPM, trauma mortality prediction model; ICU, intensive care unit
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