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Abstract

Background: Pediatric care is now concentrated in urban specialty centers (“ regionalization”’), even for common
conditions such as asthma. At the same time, rural EMS faces challenges related.to adequate workforce staffing and
financing. This statewide study describes how regionalization of pediatric inpatient.care’for asthma exacerbations
affects EMS operations, particularly for rural agencies.

Methods: This is a statewide cross-sectional study of EMS encounters forpediatric asthma in patients aged 2-18
years from 2011 to 2016 using Florida’ s EMS Tracking and Reporting System (EMSTARS) database. EMSTARS
encounters were deterministically linked to Florida” s Agency for Healthcare Administration (AHCA) database. We
categorized AHCA hospital facilities that received included patients by whether they did or did not admit pediatric
asthma patients during the study period (* admitting facility™). We used geospatial analysis to map the EMS
agency’ s home county and the admitting facilities’ addresses. For each county in Florida, we calculated the
average estimated EMS travel distance to the nearestiadmitting facility using a dasymetric mapping approach.

Results: The study included a total of 11,226/.EMS pediatric asthma encounters, of which 11,153 (99%) matched to
an EMS home county. AHCA data was.available for 3,812 (34%) patients. Most counties with distances to
admitting facilities less than or equal to 15,miles'were urban (31 of 39). For distances of 31 — 45 miles to an
admitting facility, 7 of 8 of counties were rural; and for distances greater than 46 miles, all 4 counties were rural.

Conclusion: In this statewide study in Florida, we found long average estimated EMS travel distances to admitting
facilities for Florida” s pediatric’population in rural counties for pediatric asthma exacerbations. Those long
distances have great implications for rural EMS operations, including pediatric destination decisions, transport
times, and availability-for others who call 911. Further research on bypass and secondary transport rates, and
outcomes for asthma and ather pediatric conditions are required to further characterize pediatric regionalization’ s
impact on ruralFEMS.
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Preliminary Report
A Geospatial Analysis of Distances to Hospitals that Admit Pediatric Asthma Patients

Introduction

Pediatric care is increasingly concentrated in urban specialty centers (“regionalization”) in the
United States.(US).2% Even care for asthma, the most common chronic disease of childhood,? is
now regionalized.!? For children with asthma exacerbations severe enough to require emergency
medical services (EMS) treatment and transport, pediatric regionalization’s effects on EMS are
unknown. Rural EMS faces challenges related to workforce staffing and financing,*® therefore
measuring regionalization’s impact on operations is important. Since asthma is the second-most

common cause of the estimated 1-2 million annual pediatric EMS encounters,”® this study
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describes how regionalization of inpatient pediatric asthma care impacts EMS operations,

especially for rural agencies, in the state with the fourth-largest pediatric population.®

Methods

Study Setting and Population

This is a statewide cross-sectional study of EMS encounters for pediatric asthma in patients aged
2-18 years from 2011 to 2016 using Florida’s EMS Tracking and Reporting System
(EMSTARS) database.’® The Florida Department of Health (DOH) manages EMSTARS, which
contains EMS encounters from over 100 agencies covering 64 of Flotida’s,67 counties, including
74% of all statewide 911 EMS calls during the study period."Of the 64 counties covered by

EMSTARS, 28 are rural, and the 3 excluded counties areural,**

We included EMSTARS patients ages 2 to 18 years, transported by EMS to an ED, whose EMS
provider primary impression was respiratory: ‘distress, and who received at least one inhaled
albuterol from EMS. EMSTARS{does_not contain an asthma-specific diagnosis, therefore we
chose to combine respiratory distress with albuterol administration to indicate an acute
exacerbation. We excluded. patients who were classified as a trauma/injury, seizure, pregnancy-
related complication, or‘interfacility transport, and those younger than 2 years of age to avoid

confounding with*bronchiolitis.

Data Analysis
Prior to this study, EMSTARS encounters were deterministically linked to Florida’s Agency for

Healthcare Administration (AHCA) database by Florida DOH staff.'? Florida’s AHCA database



includes greater than 90% of acute care facilities in the state.’? For each EMS agency that
transported an included patient, we identified the county in which it operates. Using the AHCA
database, we categorized hospital facilities that received included EMS patients by whether they

did or did not admit pediatric asthma patients during the study period (“admitting facility”).

For each county in Florida, we modeled the average estimated EMS travel distance to the nearest
admitting facility using ArcGIS Desktop v10.4.1 (Redlands, CA). Because EMSTARS data for
incident locations was not available, we modeled estimated EMS incident ‘locations using a
dasymetric mapping approach. Dasymetric mapping is a technique~that uses one or more
ancillary data layers to more accurately represent the spatial distributions of data within a zone or
area.® We represented potential incident locations as_peints, mapped at the 2010 US Census
block level based on the population under 18 years of age.** To more accurately represent the
distribution of incidents within census blocks, peints were randomly distributed along address
range segments of the 2015 HERE street network database.' We geocoded admitting facilities to
their addresses in the AHCA database* Using the Network Analyst extension in ArcGIS
Desktop, we calculated road network distance from each estimated incident location to the
closest admitting facility, then averaged by county. Both the University of Florida and Florida
Department of Health. Institutional Review Boards approved this study with waiver of informed

consent.

Results
There were a total of 11,226 EMS pediatric asthma encounters, of which 11,153 (99%) matched

to an EMS home county. No data was available for 7 counties (3 not in EMSTARS, and 4 with



no EMS encounters meeting inclusion criteria). AHCA data was available for 3,812 (34%)
patients. Table 1 displays the average estimated EMS travel distance by county to the nearest
pediatric asthma admitting facility. The majority of counties with average distances less than or
equal to 15 miles were urban (31 of 39). For average distances of 31 — 45 miles to an admitting
facility, 7 of 8 of counties were rural, and for average distances of 46 miles or greater, all 4
counties were rural. Translated to population percentages, one quarter (25.1%) of, Florida's
pediatric population lives in a county with an average distance greater than 10 miles to a
pediatric asthma admitting facility, 5.1% greater than 20 miles, and 1.8% greater than 30 miles.
Figure 1 displays the number of EMSTARS pediatric asthma EMSspatients by county and

county-level average distances to admitting facilities.

Discussion

In this statewide study in Florida, we foeund long average estimated EMS travel distances to
admitting facilities for Florida’s pediatric population in rural counties for pediatric asthma
exacerbations. Since asthma is thé most'common chronic disease of childhood,® those results
have implications for rural EMS operations. If rural EMS desires to directly transport pediatric
asthma patients to admitting: facilities, that ambulance and crew may be out of service for
prolonged periods of time. Such longer run times may strain rural EMS systems which already
have workforce Staffing and financial challenges.*® Specific to this study’s setting, the Florida
Association of Rural EMS in 2009 reported workforce recruitment and retention as the highest
priority issue for their agencies.’® In that same report, one-third of agencies reported they needed
additional ambulances, and over half of agencies stated Pediatric Advanced Life Support (PALS)

training was their greatest educational need.'® Potential longer pediatric transports combined



with a lack of PALS training, in systems understaffed with providers and ambulances, raises

concerns for patient safety and EMS’ availability for the next person who calls 911.

On the other hand, if EMS transports pediatric asthma patients to the closest facility, some
patients may require a second, interfacility transport to an admitting facility (“secondary
transport”). The number of those potential patients is significant, with prior studies estimating
20-36% of pediatric asthma ED patients are admitted.’”*® Secondary transport is associated with
increased adverse events, repeat testing and imaging (including the usesof 1onizing radiation),
and delays in definitive care.’® In some EMS systems, the interfa€ilitystransport may use the
same EMS agency if there is no availability of a private or hospital-based ambulance company.
Additionally, patient transfers out of the EMS agency’s. jurisdiction makes patient outcomes
more difficult to track for follow-up and EMS quality\improvement programs.* Regardless of the
whether EMS transports to the closest fagility ortbypasses in favor of an admitting facility, the
distances revealed by this study indicate'that rural patients and caregivers may be separated far

from their home and primary carenetwork for a pediatric asthma admission.

This study also describes decreasing inpatient hospital resources for pediatric asthma patients
with increasing rurality and distance from urban centers, which has been termed the “tyranny of
distance.”? The ‘Department of Health and Human Services (HHS) has established a goal of
increasing the proportion of rural populations reached by EMS within 10 minutes.* However,
that goal overlooks how far rural pediatric patients must then travel for inpatient care. While
more attention is being focused on the accelerating pace of rural hospital closures, ?* Florida saw

just one rural hospital closure between 2013-2017.2! For pediatric care, it may not be the closure



of “brick and mortar” hospital facilities, but rather the closure of pediatric services that matters.
Such pediatric services movement is undoubtedly to urban areas: of the 97 pediatric hospitals
tracked by the Centers for Medicare and Medicaid Services in the US, 96 are located in urban
areas.”? Further research on EMS bypass and secondary transport rates, and outcomes for asthma
and other pediatric conditions are required to further characterize pediatric regionalization’s

impact on rural EMS.

Limitations

This study’s limitations include a one-state sample, although Florida is.the state with the fourth-
largest pediatric population and almost half of its counties are classified as rural.>** Not every
EMS agency and county was included in the EMSTARS-database, and so results may not apply
to every locality in Florida. The study design only includes‘transports to an ED, which may have
excluded patients who self-administered medications, and then upon EMS arrival, were clinically
improved and not administered albuterol and/ar not transported. Additionally, not all EMSTARS
patients linked to the AHCA database, so results should be interpreted cautiously. However, in
the context of other EMS to hespital linkages, our linkage percentage of 34% is comparable.?*2°
Our inclusion criteria=of respiratory distress plus administration of albuterol may not have
captured all pediatric asthma patients. However, nearly all (99%) of EMSTARS patients ages 2-
18 with a provider primary impression of respiratory distress were treated by a paramedic who
can administer albuterol.?”*® Therefore, we believe most patients not given albuterol had

respiratory distress from a different condition (e.g., pneumonia, croup). Despite those limitations,

our results are concordant with other statewide studies of pediatric regionalization.™?



Conclusion

In this statewide study in Florida, we found long average estimated EMS travel distances to
admitting facilities for Florida’s pediatric population in rural counties for pediatric asthma
exacerbations. Those results have implications for rural EMS operations, including pediatric
destination decisions, transport times, and availability for others who call 911. Further research
on outcomes and other pediatric conditions are required to fully characterize the impact of

pediatric regionalization on rural EMS.
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Table 1: Average estimated EMS travel distance to the nearest pediatric asthma admitting
facility by county

Number of Florida Counties | Number of Florida Rural | Average Distance to Nearest

(Total N=67) Counties (Total N=31) Facility which Admits
Children for Asthma (miles)

39 8 </=15

16 12 16 — 30

8 7 31-45

2 2 46 — 60

2 2 > 60

Table 1 includes the 7 counties for which there were no pediatric asthma EMS patients. 5(were in‘the </=
15 miles distance category, and 2 were in the 16-30-mile distance category.
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Figure 1: Average es@é EMS travel distance by county to nearest hospital admitting
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