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Abstract

Introduction—Approximately 25.5 million pediatric patients are treated in Emergency
Departments around the United States annually. Roughly 7% of these patients are transported by
ambulance; of these, about 7% arrive in ambulances running red lights and sirens (RLS).
Compared to those transporting without RLS, emergency vehicles employing RLS are involved in
more accidents and are associated with more fatalities.
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Objective—To characterize the use of RLS in pediatric transports and identify factors associated
with unnecessary use of RLS.

Methods—As part of the Children’s Safety Initiative (CSI-EMS), a large, multi-phased National
Institutes of Health-funded study, we conducted a medical record review of all pediatric RLS
transports in an urban EMS system over a 4-year period (2008-2011). A standardized chart
abstraction tool was adapted for the out-of-hospital setting and pilot tested. Charts were
independently reviewed by physicians and paramedics, with disagreements arbitrated by a
pediatric emergency physician. Reviewers were asked to judge whether RLS transport was
necessary and to provide comments justifying their position. Descriptive statistics were used to
measure the frequency of unnecessary transports and logistic regression analysis was employed to
identify factors associated with unnecessary use of RLS.

Results—Of 490 RLS transports, experts identified 96 (19.6%) as unnecessary use of RLS.
Necessary and unnecessary RLS transports had similar patient sex and duration of transport,
though unnecessary use of RLS tended to increase with patient age. The call reasons that
represented the largest proportion of unnecessary RLS transports were trauma (49.0%), respiratory
distress (16.7%), and seizure/altered mental status (11.5%). Compared with necessary RLS
transports, unnecessary RLS transports were less likely to require resuscitation, airway
management, or medication administration. Univariate analysis revealed that patient vital signs
within normal limits were associated with increased risk of unnecessary RLS transport, with the
most pronounced effect seen in the normal GCS score group (odds ratio 7.74, p-value 0.001).

Conclusions—This analysis identified patient and transport characteristics associated with
unnecessary use of RLS. Our results could help serve as the basis for designing and prospectively
evaluating protocols for use of RLS, potentially mitigating the risk associated with transport in
pediatric patients.

Introduction

About 25.5 million pediatric patients are treated in Emergency Departments around the
United States every year (1). Approximately 7% of these patients are transported by
ambulance; of these, about 7% arrive in ambulances running red lights and sirens (RLS),
presumably those deemed to be the most ill and to require the most urgent care (2, 3).
However, the ability of Emergency Medical Services (EMS) providers to accurately predict
illness severity and need for admission is uncertain. Most existing data concern adult
patients, with the sensitivity of paramedic prediction for hospital admission ranging from
61-81% (4-6). There is very limited information regarding EMS provider judgment in
pediatric patients. One study examining pediatric trauma transports found a sensitivity of
50% for paramedic assessment of the need for trauma team activation, suggesting pediatric
illness severity can be a difficult determination to make in the field (7).

Transporting patients with red lights and sirens carries significant risks. Compared to those
transporting without RLS, emergency vehicles employing RLS are involved in more
accidents, with more severe injuries, and more fatalities (8-10). A retrospective analysis of
ambulance crashes over a 27-month period in San Francisco found injury rates of 1.5 per
100,000 runs without RLS compared to 22.2 per 100,000 with RLS (8). Data from the U.S.
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Department of Labor Bureau of Labor Statistics indicate that between 74% and 86% of EMS
occupational fatalities are related to emergency vehicle transport (9, 11). Further, while
several studies suggest that travel with RLS results in a modest reduction in transport time, it
is not clear that this reduction is clinically significant (12-15). In the large majority of cases,
patient outcomes appear to be similar for those transported with RLS and those without (14,
16). A large multicenter study published in 2010 examining 3656 trauma patients with
unstable vital signs found no association between EMS activation, response, on-scene,
transport or total time and patient mortality (17). In light of these considerations, several
EMS agencies have instituted protocols designed to reduce the use of RLS (18-20). The
majority, however, do not offer clearly articulated guidelines and depend solely on the
discretion of the EMS provider.

While there is very little data pertaining to pediatric RLS transports generally, to our
knowledge there is no literature concerning which factors influence caregivers’
determination of the necessity for RLS in pediatric patients. Previous studies have
demonstrated that the most common reasons for all pediatric EMS transports are respiratory
problems, neurologic symptoms, and traumatic injuries (2, 21, 22). However, many children
with these clinical conditions do not require hospital admission; in particular, up to 90% of
children brought in by ambulance with seizures are discharged home from the Emergency
Department (3). Given this, the objective of this exploratory study is to identify patient and
transport characteristics associated with unnecessary RLS transport, with the ultimate goal
of identifying a subset of pediatric patients who are unlikely to benefit from that transport
priority. We hypothesized that younger patients and those suffering from traumatic injuries
or seizures would be more frequently transported with RLS unnecessarily.

Study design

The Children’s Safety Initiative Emergency Medical Services (CSI-EMS) is a large, multi-
phased study funded by the National Institutes of Health (NICHD R01HD062478) designed
to describe the epidemiology of preventable safety events in the out-of-hospital emergency
care of children. As part of this project, we performed a retrospective observational study of
all pediatric patients transported with RLS in an urban EMS system over a 4-year period
(2008-2011). EMS charts were reviewed using a standardized chart abstraction tool adapted
from the Harvard Medical Study “Retrospective Case Record Review” (23). The major
domains analyzed for possible safety events included resuscitation, assessment, impression/
diagnosis, clinical decision making, airway, fluids and medication, procedures, equipment,
environment, and system. The adapted tool was revised through several rounds of pilot
testing and administered using SurveyMonkey ™.

The review panel was comprised of 13 paramedics and 7 physicians, all of whom underwent
a 2-hour training session detailing use of the tool. Reviewers completed a test review case
before and after the instructional session and received feedback on their application of the
tool. A training manual addressing common questions was provided to each reviewer, and all
reviewers received financial compensation per chart reviewed. Paramedics on the panel were
not part of the agencies submitting charts, and physicians were emergency medicine,
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pediatric emergency medicine, or pediatric physicians working in tertiary care centers that
provide online medical control.

Each chart was reviewed independently by a paramedic and a physician. All charts were also
reviewed by one of two pediatric emergency physicians with experience in prehospital care,
who arbitrated differences between the initial paramedic and physician reviewers (total of 3
reviews per chart). After the pediatric emergency physicians performed a review of their first
10 charts a kappa statistic was calculated for the presence of an error in the major domains
of the review tool and was 0.615. All reviewers were blinded to agency, providers, patient,
time frame, prior reviews, data analyses, and interim findings. The study was approved by
the Institutional Review Board of Oregon Health & Science University (IRB00006942).

Study population and setting

We reviewed both fire and transport agencies’ medical records for all red lights and sirens
transports in Multnomah County from 2008-2011 for patients less than 18 years of age.
Multnomah County (population over 700,000) is a major urban area including the city of
Portland, the largest city in Oregon. Private ambulance transports are staffed with advanced
life support crews consisting of 2 paramedics, and fire units have 4-5 person crews with at
least 1 paramedic in each unit. Both fire and transporting agencies respond to calls, though if
not deemed necessary the fire crew may not provide care. Reviews included charts from the
transporting agency, and when applicable, the fire response unit.

In the Multnomah county EMS system, priority of transport (i.e. whether to run RLS or not)
is determined at the discretion of the transporting crew. Personnel are advised to use RLS in
any patient with a ‘potential critical threat to life’; while this frequently applies to suspected
cerebrovascular accidents, physiologic shock, ST-segment elevation myocardial infarction,
and trauma system entries, there is no explicit rule, and what constitutes a “critical threat’ is
left to the discretion of the transporting crew.

The pediatric experience of EMS personnel transporting patients in Multnomah county is
naturally variable. At the time this study took place, the state of Oregon required 8 hours of
“pediatric and obstetric” education per 2-year recertification cycle. The agencies included in
this study additionally require paramedics to maintain PALS certification and all undergo
pediatric airway training with patient simulators on an annual basis.

Variables and analysis

Within the chart review tool, each reviewer was asked to judge whether transport with RLS
was necessary. No objective criteria were provided to reviewers with which to determine
whether RLS was necessary; they were asked to simply make a subjective determination
based on the information available in the chart. We collected data for both “Necessary RLS’
and ‘Unnecessary RLS’ transports including: patient characteristics (age, sex, vital signs,
Glasgow coma scale score, EMS assessment) and transport characteristics (time of day,
duration of transport, procedures performed, medications administered, and whether fire
personnel remained on-scene and completed a chart). We used descriptive statistics to
summarize patient characteristics and univariate analysis to identify characteristics
associated with unnecessary RLS transport. The results of our univariate analysis were then
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used as predictors in a multivariable regression analysis, requiring a significance level of 0.3
to remain in the model. Odds ratios, confidence intervals, and p-values were calculated using
logistic regression and both descriptive statistics and regression results were analyzed using
SAS v9.4 (Cary, NC).

From a total of 11,328 transports during the study period we identified 497 RLS transports
(4.4% of all pediatric transports). We eliminated 2 cases due to missing data and 5 cases
because a corresponding fire department chart was completed but could not be obtained. The
final analysis therefore included 490 RLS transports. Patient characteristics are summarized
in Table 1. Of note, a majority of all transported patients had initial heart rates, respiratory
rates, and GCS scores in the normal range, while 67% had systolic blood pressures in the
normal range (normal vital sign ranges were adjusted for patient age) (24).

When evaluating unnecessary RLS transports, we found that roughly 1/5 of all RLS
transports (19.6%) were determined to use RLS unnecessarily. When stratified by reason for
transport, trauma, seizures or ALOC, and respiratory distress accounted for the majority
(77.1%) of unnecessary RLS transports, with trauma accounting for almost 50% of the total.
These data are represented in Figure 1.

To better understand how reviewers determined whether use of RLS was necessary or
unnecessary, we compared the characteristics of these two cohorts. Compared to cases in
which RLS transport was felt to be necessary, those deemed unnecessary received fewer
interventions (Table 2). Only 11.5% of patients transported unnecessarily required
resuscitation, compared to 48.5% of those in whom RLS was deemed appropriate.
Additionally, the large majority of resuscitation for these unnecessary transports came in the
form of IV fluids, rather than cardiopulmonary resuscitation, cardioversion, airway
interventions, or resuscitation medications. While over 30% of patients transported with
RLS unnecessarily required airway management, only 2.1% of these patients required bag-
valve-mask (BVM) ventilation and the remainder required only supplemental oxygen. This
is in contrast to necessary RLS transports where 75% required airway intervention, with
19% requiring BVM ventilation and 12% needing advanced airway management including
intubation. About 48% of necessary RLS transports received medications compared to 25%
in the unnecessary RLS group. Amongst patients transported for seizures or ALOC, only 2
of 11 (18.2%) in the unnecessary RLS group received anti-seizure medications, while 67 of
96 (69.8%) in the necessary group were given medications to abort seizures. Lastly,
procedures such as vascular access and cervical spine immobilization were more common in
the group deemed to require RLS transport, while almost 30% of patients in the unnecessary
RLS group received no intervention whatsoever.

We performed univariate logistic regression analysis to identify factors associated with
unnecessary RLS transport. These results are included in Table 3. Notably, younger age was
associated with decreased odds of unnecessary RLS transport. Initial vital signs within
normal limits for age was associated with increased odds of unnecessary RLS transport, with
the most pronounced effect seen in the normal GCS score group (odds ratio 7.74, p-value
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0.001). A presenting complaint of seizures or altered level of consciousness was associated
with reduced odds of unnecessary RLS transport, with an odds ratio of 0.38 (p-value 0.007).
Utilizing these factors, we performed a multivariable regression analysis, summarized in
Table 4. Cardiac arrest cases were excluded, as all cardiac arrest cases were determined to
warrant use of RLS. In our final multivariable regression model, initial GCS score within
normal limits remained a significant predictor of unnecessary use of RLS (OR 12.36, p-
value 0.001).

Discussion

There are very few studies examining the use of RLS in pediatric transports, and ours is the
first to identify factors employed by providers to distinguish necessary from unnecessary
RLS use in pediatric patients. We found that approximately 20% of all RLS transports were
judged to be unnecessary and that normal vital signs and normal GCS score were
significantly associated with unnecessary use of red lights and sirens in our univariate
analysis. We also found that patients in whom RLS transport was deemed unnecessary were
much less likely to receive interventions of any kind, including resuscitation, airway
management, medication, or procedural intervention.

When considering patients according to reason for transport, trauma represented the largest
total number of unnecessary RLS transports. This is consistent with the existing
epidemiologic literature on pediatric out-of-hospital care, with several large studies
demonstrating over 40% of all pediatric EMS transports were due to trauma (2, 21, 22, 25—
27). Seizures and ALOC, frequent reasons for RLS transport, had relatively low rates of
unnecessary RLS use and were associated with reduced odds of unnecessary RLS (OR 0.40,
p-value 0.008). This was an unexpected finding, in light of existing literature suggesting that
up to 90% of children brought in by ambulance with seizures are discharged home from the
Emergency Department (3). We did find that roughly 70% of patients in whom RLS was
judged necessary received anti-seizure medications, compared with only 18% of patients in
whom RLS was deemed unnecessary. This suggests that reviewers generally favored RLS
transport for those who required abortive therapy for seizure control. While this approach is
reasonable, it is generally accepted that seizures of short duration are benign. Furthermore,
most children with first time seizures will cease seizing spontaneously, and the majority of
patients who do require abortive medications will stop seizing after the first agent is
administered (28-30). In our sample, only 24.3% of patients required more than one dose of
benzodiazepine to abort the seizure. These considerations suggest a subset of these patients
may have been transported safely without the use of RLS, even amongst those for whom
RLS was deemed necessary by the reviewers in our study. ldentifying which patients these
are, however, remains a challenge and, given the risks of prolonged seizures and the
potential for respiratory depression associated with treatment, clearly articulated guidelines
for RLS use in these patients are essential.

The association between younger age and decreased risk for unnecessary RLS transport was
unexpected. We hypothesized that providers would be less comfortable with the youngest
pediatric patients and therefore more inclined to utilize RLS. However, closer examination
of the data revealed that the reason for transport was not evenly distributed across groups.

Prehosp Emerg Care. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Burns et al.

Page 7

Compared to ages 6-18, cardiopulmonary arrest was more common in patients under 5 years
(n of 6 and 29, respectively), as was seizure or ALOC (n of 42 and 65, respectively). This is
in accordance with published data regarding pediatric EMS use, which consistently report
that younger children are at higher risk for life-threatening reasons for transport (25, 26).
Thus, the data suggests that younger patients are at lower risk for unnecessary RLS transport
because they more frequently suffer from more severe medical conditions.

Given the risks of RLS transport and lack of clear benefit, it may be prudent to use a more
systematic approach to the application of red lights and sirens. The American College of
Emergency Physicians EMS committee adopted this position in a 2013 special report,
wherein they advised that “the use of warning lights and sirens should be based on
standardized protocols that take into account situational and patient problem assessments”
(14). The results of our analysis may assist in the formulation of such guidelines. In pediatric
trauma, for example, the major cause of morbidity and mortality is head injury (32, 33). This
underscores the value of GCS score in the assessment of the pediatric trauma patient.

Indeed, in our analysis, normal GCS was the factor most highly associated with unnecessary
RLS transport. Thus, it may serve as a key criterion in deciding whether RLS are indicated
for a given pediatric trauma patient. Similarly, for patients suffering from seizures, use of
RLS may be predicated on a few key factors, such as whether the patient has compromised
oxygenation or ventilation requiring positive pressure ventilation or has persistent seizures
despite administration of a first dose of anti-seizure medication by EMS. Such an algorithm
acknowledges the real potential for complications associated with prolonged seizures while
encouraging judicious use of RLS. Additional algorithms incorporating patient and call
characteristics could be elaborated for other common reasons for transport, such as
respiratory distress. Such algorithms would need to be evaluated prospectively to monitor
rates of RLS use and to ensure good patient outcomes.

Utilization of RLS in prehospital transport is a challenging issue, and the determination of
when it is ‘necessary’ is difficult to operationalize. The line that EMS personnel must walk
is a thin one, balancing the potential benefits of expedited transport against the risks inherent
with RLS. In many systems, including the EMS system examined in this analysis, priority of
transport is determined wholly at the discretion of the treating paramedics. While it is
critical to retain a role for the judgement of the on-scene providers, given the potential
complexity of the out-of-hospital environment, it is also important to recognize that general
guidelines can simplify cognitively complex decisions. A small number of RLS transport
algorithms based on common reasons for transport may serve to provide a rational
foundation from which EMS providers may make their transport priority decisions.
Deviations from such guidelines would certainly occur, but some standardization of this
process would promote optimal safety practices.

Our study has a few notable strengths. First, it represents one of only a few efforts to identify
pediatric patients transported with RLS in whom this method of transport was unnecessary
—the last study investigating this topic was published in 1997, almost 20 years ago (22).
Whereas the authors of that study considered as ‘inappropriate” use of RLS in a ‘stable
patient’, which they had defined a priori, another strength of our study is that we utilized the
discretion of three blinded reviewers to operationalize necessary versus unnecessary use of
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RLS transport. We then performed post-hoc analysis of factors associated with unnecessary
use of RLS. We feel this is the most suitable approach to identify the conditions that define
‘unnecessary’ use of RLS, given that there is no current gold standard for when use of RLS
is appropriate in pediatric patients. Very likely, any reference standard for appropriateness of
RLS transport will emerge from a consensus definition formulated by a panel of content
experts; our results provide some groundwork for what such a definition might look like.

Our study has several limitations. Fundamentally, this study compares the judgment of the
paramedics caring for the patient at the scene with the opinion of multiple providers
reviewing chart data retrospectively and is subject to the limitations inherent in retrospective
medical record reviews. It is possible that some factors not captured by the chart compelled
EMS providers to transport the patient with RLS, and it is possible that more critically ill
patients had less robust documentation, limiting the value of retrospective chart review.
Another limitation is that we did not have associated ED or hospital data; it is feasible that a
patient in whom RLS transport was deemed unnecessary in fact required significant
intervention in the ED and beyond, suggesting that the patient was sicker than chart review
may have indicated. A prospective study would better capture this data regarding patient
dispositions. Lastly, this was a single EMS system in an urban area with several paramedics
on scene for every call. Thus, these results may not be generalizable to other EMS systems
where staffing is less robust or where customs for RLS transport differ.

In conclusion, this exploratory study describes pediatric patients who may have been
transported with RLS unnecessarily and identifies factors employed by medical providers to
distinguish necessary from unnecessary RLS use. The results of this study may help EMS
researchers to more closely evaluate the conditions that influence transport priority
determination. Ultimately, we hope such research will aid EMS leaders in developing
policies and protocols to reduce unnecessary RLS transports in order to maximally
safeguard the health of patients, EMS providers, and the public.
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Figure 1.

Proportion Unnecessary RLS by Reason for Transport
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Table 1
Patient characteristics

Patient Characteristics RL S Necessary (%) | RLSUnnecessary | % of Runs

[n=394] (%) RLS

[n=96] Unnecessary

Age
Newborn, 0-28 days 21 (5.3) 2(2.1) 8.7%
Infant, 29 days-11 months 56 (14.2) 5(5.2) 8.2%
Toddler, 1-5 years 138 (35.0) 31 (32.3) 18.3%
Kid, 6-11 years 64 (16.2) 20 (20.8) 23.8%
Adolescent, 12-17 years 115 (29.2) 38 (39.6) 24.8%
Sex
Female 156 (39.6) 39 (40.6) 20.0%
Male 237 (60.2) 56 (58.3) 19.1%
Initial VSin normal range (22)
HR™ 197 (54.0) 61 (67.0) 23.6%
SBP™ 133 (63.0) 59 (77.6) 30.7%
RR™ 170 (49.0) 57 (64.8) 25.0%
Gcs ™ 132 (50.4) 55 (88.7) 29.4%
Time of Transport
Morning: 0500-1059 65 (16.5) 19 (19.8) 22.6%
Afternoon: 11001659 144 (36.5) 44 (45.8) 23.4%
Evening: 17002259 134 (34.0) 26 (27.1) 16.3%
Overnight: 2300-0459 51 (12.9) 7(7.3) 12.1%
Transport Duration, mean 15:30 (8:29) 16:29 (6:53)
mm:ss (sd)
Fire Response-yes 177 (44.9) 28 (29.2) 13.7%
Reason for Call
Cardiopulmonary Arrest 35(8.9) 0(0) 0.0%
Trauma 157 (39.9) 47 (49.0) 23.0%
Seizure or ALOC 97 (24.6) 11 (11.5) 10.2%
Ingestion/Poisoning 21 (5.3) 8(8.3) 27.6%
Respiratory Distress 63 (16.0) 16 (16.7) 20.3%
Allergic Reaction 8 (2.0) 4(4.17) 33.3%
Pain (non-trauma) 6 (1.5) 6(6.3) 50.0%
Other 7(1.78) 4(4.17) 36..4%

*

Due to missing data, percentages are calculated using cases with complete data
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Interventions according to transport type

Table 2

Intervention Transport Priority
RLSAppropriate | RLSInappropriate
n=39%4 n=96
n % n %
Any Resuscitation 203 51.5 11 115
CPR 40 10.2 0 0.0
1V fluids 98 24.9 8 8.3
Cardioversion/Defibrillation 3 0.8 0 0.0
Any Airway Management 296 75.1 33 344
Oxygen 270 68.5 32 33.3
BVM ventilation 73 18.5 2 21
SGA or intubation 46 11.8 0 0.0
Any Medication 188 471.7 24 25.0
Sedative/Hypnotic 14 3.6 0 0.0
Nausea 24 6.1 8.3
Allergy/Anaphylaxis 5 13 1 1.0
Antidote (e.g. naloxone) 9 2.3 2 21
Anti-seizure 67 17.0 2 21
Narcotic 15 38 4 4.2
Respiratory 40 10.2 8 8.3
RSI 10 25 0 0.0
Cardiovascular 31 7.9 0 0.0
Any Procedure 301 76.4 49 51.0
Vascular access 264 67.0 28 29.2
C-spine immobilization 125 317 22 229
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Univariate analysis of factors associated with unnecessary RLS transport

Table 3

Patient Factors

OR (95% Cl)

P-value

Age Group (reference group: 12 — 17 years)
0-28 days

29 days — 11 months

12 months — 5 years

6-11 years

0.288 (0.065-1.287)
0.27 (0.101-0.724)

0.946 (0.508—1.761)

0.1032
0.0093

Sex (male reference)

1.058 (0.671-1.669)

0.8084

Initial Heart Rate w/in Normal Limits

1.734 (1.07-2.811)

0.0255

Initial Systolic BP w/in Normal Limits

2.051 (1.117-3.766)

0.0206

Initial Respiratory Rate w/in Normal Limits

1.914 (1.178-3.111)

0.0087

Initial GCS score w/in Normal Limits

7.738 (3.398-17.621)

| 0.68 (0.398-1.161)
|
|
|
|
|

<.0001

0.1574
0.8604

Call Reason (Trauma reference)
Cardiopulmonary Arrest
Seizure or ALOC
Ingestion/Poisoning
Respiratory Distress
Allergic Reaction

Pain (non-trauma)

0.379 (0.187-0.766)
1.273 (0.529-3.059)
0.848 (0.448-1.606)
1.67 (0.482-5.793)

3.34 (1.029-10.845)

<0.001 (<0.001- >00)

0.9605
0.0068
0.5902
0.6135
0.4189

0.0447

Night (day reference)

| 0.773 (0.429-1.394)

| 03010

Fire chart (no fire chart reference)

| 1.981 (1.222-3.21)

| 0.0055

Transport time (1 minute increase)

| 1015 (0.088-1.043)

| 0.2735
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Multivariable analysis of factors associated with unnecessary RLS transport

Table 4

Patient Factor OR (95% CI) P-value
Call Reason (reference trauma)
Seizure or ALOC | 2.053 (0.443-9.508) 0.3579
Ingestion/Poisoning | 1.896 (0.47 — 7.653) 0.3691
Respiratory Distress | 2.593 (0.86-7.813) 0.0905
Allergic Reaction | 16.384 (0.727 — 369.435) | 0.0786
Pain (non-trauma) | 3.809 (0.56-25.929) 0.1718
Initial Systolic Blood Pressure w/in Normal Limits | 1.92 (0.8-4.606) 0.1439
(reference initial sbp outside normal limits)
Initial GCS Score w/in Normal Limits 12.36 (2.734-55.874) 0.0011
(reference initial gcs outside normal limits)
Night (reference day) 0.448 (0.166-1.211) 0.1136
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