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Abstract

Introduction: Trends in utilization of Emergency Medical Services (EMS) systems can be
used to extrapolate future use of an EMS system, which will be valuable for the budgeting
and planning of finances and resources. The best model for incorporation of seasonal and
regional fluctuations in utilization to predict future utilization is unknown.

Problem: Authors aimed to trend patterns of utilization in a regional EMS system to iden-
tify the needs of a growing population and to allow for a better understanding of how the
EMS system is used on a basis of call volume and frequency of EMS transportation. The
authors then used a best-fitting prediction model approach to show how the studied EMS
system will be used in future years.

Methods: Systems data were retrospectively extracted by using the electronic medical
records of the studied EMS system and its computer-assisted dispatch (CAD) database
from 2010 through 2017. All EMS dispatches entering the system’s 9-1-1 public service
access point were captured. Annual utilization data were available from 2010 through
2017, while quarterly data were available only from 2013 through 2017. The 9-1-1 utiliza-
tion per capita, Advanced Life Support (ALS) utilization per capita, and ALS cancel rates
were calculated and trended over the study period. The methods of prediction were assessed
through a best-fitting model approach, which statistically suggested that Additive Winter’s
approach (SAS) was the best fit to determine future utilization and ALS cancel rates.
Results: Total 9-1-1 call volume per capita increased by 32.46% between 2010 and 2017,
with an average quarterly increase of 0.78% between 2013 and 2017. Total ALS call volume
per capita increased by 1.93% between 2010 and 2017. Percent ALS cancellations (cancelled
en route to scene) increased by eight percent between 2010 and 2017, with an average quar-
terly increase of 0.42% (2013-2017). Predictions to end of 2019 using Additive Winter’s
approach demonstrated increasing trends in 9-1-1 call volume per capita (R? = 0.47),
increasing trends of ALS utilization per capita (R? = 0.71), and increasing percent ALS
cancellation (R? = 0.93). Each prediction showed increasing future trends with a 95% con-
fidence interval.

Conclusions: The authors demonstrate paramount per capita increases of 9-1-1 call volume
in the studied ALS system. There are concomitant increases of ALS cancellations prior to
arrival, which suggests a potential burden on this regional ALS response system.
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Introduction

Background

Throughout the United States, the 9-1-1 Emergency Medical
Services (EMS) system is available to the public for unconditional
use for a wide variety of medical complaints. While EMS systems
vary in size and structure, they each must meet the needs of the
population they serve. If a 9-1-1 system’s call volume and EMS
transport utilization are recorded and analyzed over time, observed
trends in utilization may be used to extrapolate future use of the
EMS system. This may be a valuable tool for resource
management.

Previous studies have described various trends in EMS utiliza-
tion showing the increased use by specific groups, like the elderly or
pediatric.!” Predictions suggest that by the year 2030, the elderly
will account for approximately one-half of EMS transports to US
emergency departments (EDs).! One study, which retrospectively
recorded population-based observations in the state of Kentucky,
demonstrated that the overall rate of EMS transports was 51.7
(SD = 24.1) per 1,000 people per year. However, this rate varied
between different communities. The EMS utilization was highest
in those older than 65 (178.5 [SD = 84.2]/1,000/year), with the
rate increasing exponentially with increasing age. A rising direct
relationship between poverty level and EMS utilization was also
observed. Additionally, the absence of 9-1-1 service and the
absence of a hospital in the county were also associated with
increasing rates of ambulance use.® Other studies have observed
trends of utilization based on specific chief complaints, like chest
pain, showing varying trends.” Pediatric patients transported by
EMS are more likely to have injuries and poisoning with higher
acuity illnesses as compared to those arriving at the ED by other
means.’ Few studies have analyzed trends across an entire popula-
tion,>*1% and at the time of this article, no studies have produced a
population-based prediction model of future use in EMS systems.

In tiered EMS systems, such as in New Jersey, Basic Life
Support (BLS) ambulances typically arrive before Advanced Life
Support (ALS) due to a greater local presence of BLS squads. If
a chief complaint or abnormal vital signs require ALS intervention,
BLS will await ALS arrival for treatment and monitored transport
to the hospital. The ALS units can be cancelled prior to arrival at
the discretion of the BLS crew. Increasing ALS cancellation cor-
relates with increased saturation of an ALS system. That is, more
ALS units are cancelled when the system is busy because it is faster
for BLS squads to transport directly to the hospital than to wait for
ALS to arrive. This relationship has been repeatedly observed in
the studied EMS agency and recorded at monthly medical advisory
board (MAB) meetings. Therefore, the authors consider increasing
ALS cancellations to be a measure of burden on this ALS system.
In most EMS systems, anywhere between 20% and 30% of EMS
calls result in no transport to the hospital at all.!

Goals of this Investigation

In this study, authors aimed to trend patterns of utilization in an
EMS system which is the largest ALS provider in New Jersey —
serving approximately 20% of the state population (Figure 1).1?
This is to identify the needs of a growing population and to allow
for a better understanding of how the EMS system is being used on
a basis of call volume, EMS utilization, and frequency of ALS can-
cellation. Using this information, the authors aimed to develop a
best-fitting prediction model (ie, best-fit for the distribution of
data) that would show how the studied EMS system will be used
in future years, while considering the projected growth of the served

Carr © 2020 Prehospital and Disaster Medicine
Figure 1. Highlight of All Counties in New Jersey Where the
Studied EMS Agency Serves as the ALS Provider.
Note: Ten out of 21 counties are included in the catchment area.
Some counties only have partial ALS coverage by the studied
agency, while other counties are completely covered by the
agency. Roughly 20% of New Jersey’s population is served by
the studied agency.
Abbreviations: ALS, Advanced Life
Emergency Medical Services.

Support; EMS,

population. It is hypothesized that 9-1-1 call volume and overall
ALS utilization per capita is increasing. Likewise, the metric “per-
cent ALS cancellation” is increasing in the studied population. The
authors planned to utilize available data in this large, two-tiered
response system to assess demand for service, as well as to identify
a best-fit model that will predict future utilization.

Methods

Study Design and Setting

A retrospective, cross-sectional, epidemiologic study of EMS
system data was performed. The studied EMS system is a non-
profit hospital cooperative comprised of 15 acute care hospitals
which provides ALS services covering approximately 1,500 square
miles in a catchment area with a population of approximately two
million residents. Paramedics respond to a variety of rural, urban,
and suburban communities (Figure 1). The EMS responders work
in a two-tiered system, with paramedics providing ALS and emer-

gency medical technicians (EMTs) providing BLS. The BLS
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squads typically arrive first on scene as they are greater in number
and closer to calls in most areas.

When 9-1-1 is dialed and EMS is required, certain chief com-
plaints activate a tiered response (both ALS and BLS) while others
are solely BLS response. The BLS units are comprised of county,
township, or private organizations depending on location. New
Jersey requires every EMS agency (both ALS and BLS) to hold
a “certificate of need” granted by the state for each city, county,
or municipality. The studied agency maintained a certificate of
need for the entire catchment area as the ALS provider during
the entire study period. The BLS coverage by the agency, however,
was variable and changed throughout the study period. For this
reason, the authors chose to focus the study on ALS utilization
and outcomes in addition to total 9-1-1 system utilization. Once
on scene, a BLS unit can request paramedics (if ALS not previously
activated) or cancel paramedics if ALS services are not required.
The ALS providers currently respond to over 83,000 calls per year,
and transport by ground and helicopter to 43 receiving hospitals.
Online medical control is provided by adult and pediatric emer-
gency physicians at a single hospital. All ALS patient contacts
in New Jersey currently require contact with online medical control
(an emergency physician) to discuss each patient encounter.

When an ambulance arrives on scene, there are generally four
possible outcomes: (1) treatment and transport; (2) treatment
and then patient refuses transport; (3) patient dead-on-arrival or
resuscitation terminated; and (4) patient refuses medical assistance
(RMA) and refuses transportation. Other options prior to EMS
arrival include police cancellation of all EMS response, or BLS
cancellation of ALS.! In other words, a BLS service that can trans-
port a patient may cancel the secondary ALS response when ALS
arrival is delayed. This happens because it will likely be faster to
transport a patient to the closest hospital rather than wait for an
ALS response team. The decision for BLS to cancel ALS prior
to arrival lies entirely on protocols established by individual BLS
squad medical direction. This is variable between BLS organiza-
tions and not regulated by the state of New Jersey. Often, when
ALS and BLS have arrived on scene (and after ALS evaluation),
the patient can be triaged or “released” to BLS if no ALS services
are required (after a discussion with medical command physician).

During the study period, there were no changes of operational
protocols that would have affected the number of patients released
to BLS, nor were there changes to operational protocols that would
have affected outcomes of ALS dispatches or cancellation of ALS.
Relevant clinical care guidelines did not change in the seven-year
study period that might increase or decrease the proportion of
patients transported.

Selection of Data

Systems data were extracted only using the electronic medical
records of the EMS system (Rescue NET; Zoll; Chelmsford,
Massachusetts USA) and the computer-assisted dispatch (CAD)
database annually from 2010 through 2017. Quarterly data
(Q1-Q4) were only available between 2013 and 2017. No individ-
ual patient data or patient information were accessed in the
completion of this study; thus, it was deemed exempt by the insti-
tution’s Internal Review Board (IRB) from formal review (IRB
protocol number: E2019.02). The studied CAD database is under
supervision by the sponsoring institution and therefor included
under the IRB federal registration. Call volume was recorded
through an in-house 9-1-1 public service access point (dispatch
center), which remained constant through the entire study period.

All 9-1-1 calls in the study period were queried. If a 9-1-1 call
required dispatch of both ALS and BLS services, it counted as
one “call” towards the total 9-1-1 call volume. If only BLS was dis-
patched, it counted as one call towards the total call volume. Service
area population was calculated using United States Census Bureau
(Suitland, Maryland USA) data for each municipality included in
the EMS system’s catchment area.!? For ALS services, the catch-
ment area (square miles and boundaries) remained constant for the
entire study period.

Study Variables

To calculate “9-1-1 calls per 1,000 people,” the total “call volume”
extracted from the CAD database was divided by the service area
population and multiplied by 1,000. The “ALS calls per 1,000 peo-
ple” was calculated by dividing “total ALS calls” by the service area
population and multiplied by 1,000. The ALS cancellation rate was
determined by searching the CAD database for all ALS calls that
were “cancelled en route” and “cancelled on scene.” This number
was divided by “total ALS calls” to determine “percent ALS can-
celled.” Each metric was calculated annually between 2010 and
2017. Quarterly metrics were calculated from 2013 to 2017, as
quarterly data were not available before Q1 of 2013.

Statistical Analysis and Prediction Models

The cumulative frequency of 9-1-1 call volume and ALS call vol-
ume was equated to the New Jersey serviced population as rates per
1,000 people. The ALS cancellation rate was reported as percent
cancelled of all ALS calls. Temporal trends were generated using
only quarterly data (Figure 2, 3, and 4; 2013-2017) to account for
variation and to better predict future trends. This quarterly model
was expected to be non-linear and account for seasonable variation.
The analysis for this study was generated using SAS software
(2016; SAS Institute Inc.; Cary, North Carolina USA).

The five best-fitting models were analyzed, including linear,
damp trend exponential smoothing, Winter’s approach, Additive
Winter’s approach, and seasonality to ascertain which best fit
the data. These models were judged on R-squared (R?) values,
and Akaike Information Criterion (AIC) values where the lowest
AIC values between models predicts the best model. The R? is
called the Coefficient of Determination, which reports how the
proportion of the dependent variable (e, call volume) changes with
the independent variable (year). Authors chose the best model that
accounted for all variation based on AIC and R2. For each predic-
tion, the best model was consistently the Additive Winter’s model.
Additionally, this model has low margin of error values to produce
more narrow confidence intervals compared to other models.

The benefit of using SAS is that most of the variation in temporal
trends is captured to predict what it will be in the future. It also allows
for analysis of numerous models at the same time. The Additive
Winter’s model was chosen because it has the best numbers in terms
of AIC and R? values. The best-fitting approach uses specific dis-
tribution algorithms to interpret the seasonal fluctuation of data.
Using this information, it allows for higher R? and AIC values, thus
making a more robust model allowing for statistical confidence in
measurements. Other models show similar trends, but with less sig-
nificance. The Additive Winter’s model is objectively the most
powerful, but it takes a considerable amount of time to compile
data due to the large number of data points required to generate a
trend. Another option considered was simple linear regression
using Microsoft Excel (Microsoft Corp.; Redmond, Washington
USA). The Centers of Medicare and Medicaid Services (CMS;
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911 Calls per 1,000 People: 2013-2017 with Predictions Through 2019
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Figure 2. Demonstration of an Increasing Trend in 9-1-1 Utilization by the Study Population.

Note: The subsequent prediction from 2018-2020 (2 years) with a 95% confidence interval shows no significant deviation from the
clear increasing trend. The solid line demonstrates quarterly variation from 2013-2017. The dotted line shows the trend line while
the dashed lines show the upper and lower levels of confidence for future prediction.

ALS Call Per 1,000 People: 2013-2017 with Predictions Through 2019

ALS Calls per 1000 People

Trend Line Equation:
y =0.0165x + 10.607
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Carr © 2020 Prehospital and Disaster Medicine
Figure 3. Demonstration of an Increasing Trend in ALS Calls per Capita within the Study Population.
Note: The subsequent prediction from 2018-2020 (2 years) with a 95% confidence interval (using Additive Winter’s approach)
shows no significant deviation from the clear increasing trend. The solid line demonstrates quarterly variation from 2013-2017 — the
prediction beyond 2019 is expected to increase then decreased based on the predicted variability of the Additive Winter’s model.

The dotted line shows the trend line while the dashed lines show the upper and lower levels of confidence for future prediction.
Abbreviation: ALS, Advanced Life Support.
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Percent ALS Cancelled by BLS: 2013-2017 with Predictions Through 2019
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Figure 4. Demonstration of an Increasing Temporal Trend of Percentage ALS Cancellations Prior to Arrival on Scene.
Note: The subsequent prediction from 2018-2020 (2 years) (using Additive Winter’s approach) with a 95% confidence interval also
shows an increasing trend. The solid line demonstrates quarterly variation from 2013-2017. The dotted line shows the trend line
while the dashed lines show the upper and lower levels of confidence for future prediction.

Abbreviations: ALS, Advanced Life Support; BLS, Basic Life Support.

Woodlawn, Maryland USA) has previously used linear regression
with extrapolation to predict utilization and expenditures among dif-
fering variables.!3 The limitation of using a linear prediction model
is that it assumes all trends and input variables are remaining con-
stant. In other words, Excel uses the first predicted values to predict
subsequent values — this narrows margin of error and decreases con-
fidence interval width as more years are predicted. In the end,
Additive Winter’s approach proved to be the best choice.

Results

The total number of 9-1-1 calls from within the catchment area of
the studied EMS system from 2010 through 2017 was 817,561.
The captured population of the catchment area from 2010 through
2017 increased by 25,960 people (+1.37%) with an annual average
increase by 0.19% (Table 1).

The 9-1-1 call volume per capita (both ALS and BLS) increased
by 32.46% between 2010 and 2017 from 45.28 to 59.98 per 1,000
people, respectively (Table 1). That was an average annual increase
of 4.23%. There was a 15.60% increase in 9-1-1 call volume per
capita between 2013 and 2017 using the quarterly data line equa-
tion generated, y = 0.1041x + 13.389 (Figure 2). That was an aver-
age quarterly increase of 0.78% per quarter (Table 1).

All ALS calls per capita increased by 1.93% from 2010 to 2017
with an average annual increase of 0.28%. When looking at quar-
terly data, there was a 3.11% increase between 2013 and 2017 with
an average quarterly increase of 0.16% per quarter (Table 1).

Percent ALS cancelled by BLS before patient contact increased
from 47.00% to 55.02% (8.02% change) with an average annual
increase of 1.14%. The quarterly data from 2013 to 2017 showed
an average increase of 0.45% per quarter (Table 1).

The percent of patients who were released to BLS after ALS
triage fell from 8.00% to 5.89% in the study period. That was an
average annual decline of 0.30%. Quarterly data between 2013
and 2017 showed an average quarterly decrease of 0.09% (Table 1).

The percent of patients who RMA remained constant at three
percent over the entire study period. The distribution of medical to
trauma patients remained approximately ninety-four percent to six
percent, respectively, with minimal variation across the study
period. Quarterly data (Q1-Q1) were not available for RMA
and medical/trauma distribution metrics — only annual data were
recorded.

Based on the Additive Winter’s prediction of 9-1-1 call volume
extending from Q1 of 2018 to Q4 of 2019, there would be a 95%
chance that call volume will increase from 15.07 to 16.28 calls per
1,000 people — an 8.03% increase over two years (Figure 2).

As there was obvious variability in utilization between quarters
with regards to ALS calls per capita, the Additive Winter’s predic-
tion model predicted that ALS call volume per capita will continue
to be variable. In other words, ALS utilization will increase and
decrease in 2019 with seasonal variation and 95% confidence
(Figure 3).

Further, the Additive Winter’s approach predicted with 95%
confidence that ALS cancellation will increase after the study
period ends. Percent ALS cancellation will increase from
55.28% to 57.53% between Q1 of 2018 and Q4 of 2019. That
would be a 2.25% increase in ALS cancellation in the forecasted
time period.

Discussion
This study analyzed trends in 9-1-1 and EMS utilization of a
diverse population of almost two million people in the state of
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Year/Quarter Total 911 Call | Service Total 911 | ALS Calls Percent Percent Percent Percent Percent
Volume (ALS Area Calls per per 1000 ALS Release to | Medical Trauma RMA
and BLS) Population 1000 people Cancelled BLS
people (Before
Patient
Contact)

2010 1,897,782
Annual 85,935 " 45.28 42.94 47.00% 8.00% 94.00% 6.00% 3.00%
2011 1,898,208
Annual 85,859 " 45.23 43.50 48.00% 7.00% 93.00% 7.00% 3.00%
2012 1,899,129
Annual 95,797 50.44 44.33 48.00% 7.00% 92.00% 8.00% 3.00%
2013 1,901,856
Q1 26,271 " 13.81 10.77 48.37% 6.65% - - -
Q2 26,497 " 13.93 10.84 48.12% 6.70% - - -
Q3 26,550 " 13.96 10.91 48.26% 6.90% - - -
Q4 23,779 " 12.50 10.29 47.06% 6.51% - - -
Annual 103,097 " 54.21 42.81 47.97% 6.69% 93.00% 7.00% 3.00%
2014 1,910,989
Q1 21,778 " 11.40 10.26 47.63% 7.05% - - -
Q2 25,329 ! 13.25 10.94 47.48% 7.61% - - -
Q3 27,824 ! 14.56 11.00 47.97% 7.32% - - .
Q4 32,743 ! 17.13 10.43 47.20% 717% - - -
Annual 101,534 " 53.13 42.62 47.57% 7.30% 93.00% 6.00% 3.00%
2015 1,921,845
Q1 26,947 " 14.02 10.68 48.42% 7.27% - - -
Q2 27,628 " 14.38 10.82 49.11% 7.31% - - -
Q3 28,764 " 14.97 11.11 51.16% 6.94% - - -
Q4 28,424 " 14.79 10.31 50.79% 7.18% - - -
Annual 111,763 " 58.15 42.92 49.87% 7.17% 93.00% 6.00% 3.00%
2016 1,923,742
Q1 29,101 ! 15.13 10.62 51.12% 6.97% - - -
Q2 29,617 " 15.40 10.76 51.30% 6.56% - - -
Q3 30,355 " 15.78 11.21 53.39% 6.23% - - -
Q4 29,114 " 15.13 10.84 53.78% 6.16% - - -
Annual 118,187 " 61.44 43.42 52.41% 6.48% 94.00% 6.00% 3.00%
2017 1,923,742
Q1 29,079 " 15.12 10.87 54.55% 6.39% - - -
Q2 29,378 " 15.27 10.95 54.83% 5.97% - - -
Q3 30,081 " 15.64 11.17 56.37% 5.46% - - -
Q4 26,851 " 13.96 10.79 54.30% 5.74% - - -
Annual 115,389 " 59.98 43.77 55.02% 5.89% 94.00% 6.00% 3.00%
Study period 817,561 - - - - - - - -

total
Study period - 1.37% 32.46% 1.93% 8.02% -2.11% - - -

change (%)

20102017

2013 through 2017 (continued)

Carr © 2020 Prehospital and Disaster Medicine

Table 1. Table Showing EMS System Call Volume and Utilization from 2010 through 2017 with Quarterly Data Presented from
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Year/Quarter Total 911 Call Service Total 911 | ALS Calls Percent Percent Percent Percent Percent
Volume (ALS Area Calls per per 1000 ALS Release to | Medical Trauma RMA
and BLS) Population 1000 people Cancelled BLS
people (Before
Patient
Contact)
Average Annual - 0.19% 4.23% 0.28% 1.14% —0.30% - - -
Change (%)
2010-2017
Average - - 0.78% 0.16% 0.45% —-0.09% - - -
Quarterly
Change (%)
2013-2017

Carr © 2020 Prehospital and Disaster Medicine

Table 1. (continued). Table Showing EMS System Call Volume and Utilization from 2010 through 2017 with Quarterly Data

Presented from 2013 through 2017

Note: Annual service area population is also shown. 9-1-1 call utilization and ALS utilization rates are shown as per 1,000 people. Rate of ALS
cancellation, rate of RMA, and medical/trauma are presented as percent.

Abbreviations: ALS, Advanced Life Support; EMS, Emergency Medical Services; RMA, refused medical assistance.

New Jersey. There was an overwhelming increase in 9-1-1
utilization, as demonstrated in Figure 2 and Table 1. When adjust-
ing for population growth, there was a congruent increase in
utilization increasing from 45 calls per 1,000 people to 60 calls
per 1,000 people; that is a 32.49% growth over the seven-year study
period. This demonstrates a dramatic increase in utilization,
which is consistent with recent publications that demonstrated a
potential risk for strain on existing 9-1-1 systems.*

One preliminary hypothesis of the increasing use of the 9-1-1
system was based on the principle that there has been a subsequent
increased use of EDs on a national level. When reviewing the
Centers for Disease Control and Prevention’s (CDC; Atlanta,
Georgia USA) Chartbook on Long-Term Trends in Health, data
indicate the per capita and gross annual ED volume has been
increasing in the period between 1997 and 2015. During 1997,
an estimated 94.9 million visits were made to hospital EDs in
the United States, approximately 35.6 visits per 100 people. In
2015, an estimated 136.9 million visits were made to hospital
EDs, approximately 43.3 visits per 100 people.'® These findings
are congruent with the demonstrated 9-1-1 system utilization
increase. The 9-1-1 usage increase may also be related to a chang-
ing age distribution, proportionally favoring an elderly population
who calls 9-1-1 more frequently.

A major focus of the data is that ALS cancellation prior to arrival
is increasing, and the study authors consider this to be a measure of
the impact of burden on this EMS system. Other studies have
measured other metrics as a burden related to increasing call
volume — the most popular being EMS response time.'*%
Response time has been liberally used as a process indicator to
assess EMS performance internationally. It is quantifiable, objec-
tive, and easily comprehended by the public and policymakers.
However, its correlation to better patient outcomes has yet to be
reliably established.”® One retrospective study determined that
annual call volume increases lead to longer response times, and that
they are likely directly correlated to one another.’® Another large
systematic review of Utah EMS data estimates a strong relationship
between response time and mortality, but it did not reach statistical
significance. Higher response times did lead to a statistically higher
probability of hospital admission.!” The difficulty with establishing
“increasing EMS response times” as a reproducible measure of sys-
tem burden is that no two EMS systems are alike. That is, EMS

systems are intricately structured and funded with overlapping
participation of municipalities, private organizations, and hospi-
tals; they also maintain varying ratios of paid and volunteer
responders. Until there is a national unification of these factors,
no one indicator of performance or burden can be applicable to
another system. This is the first study that suggests increasing rate
of ALS cancellation as a measure of burden on EMS systems. It
should only apply to agencies with similar structure, regionality,
and regulation. In the absence of written medical protocols,
ALS cancellation may vary significantly between different
organizations.?’

This EMS agency has noticed an increase in ALS cancellation
on days when the system is saturated. The ALS cancellations
directly increasing with call volume is routinely reported at monthly
MAB meetings. This study pioneers the metric of ALS cancella-
tions as a measure of burden in tiered ALS/BLS response systems.
As such, these data inform practice and planning for the future of
the studied EMS agency.

One study surveyed systems where BLS agencies can cancel
ALS prior to arrival. In this study, a survey was mailed to the
physician medical directors of EMS agencies in 125 of the largest
US cities. The survey requested information on policies governing
cancellation of responding ALS units. Ninety-four cities (75% of
all cities contacted) responded to the survey. The authors found
that fewer than one-half of the surveyed EMS systems that permit
non-ALS personnel to cancel responding ALS units use written
protocols to direct these decisions. Of these, only one-half utilize
specific medical criteria to guide cancellation. Medical oversight of
these cancellations is highly variable.?’ According to the survey,
many major cities experience ALS cancellation by non-ALS
personnel, which supports the utilization as a potential marker
for increased burden.

Finally, there is a decreasing rate of “release to BLS” in the study
period. These data were not entered in the Additive Winter’s pre-
diction model. The percent of patients released to BLS after ALS
triage falls from 8.00% to 5.89% in the study period. In other
words, fewer patients are being released to a BLS for transport
to the hospital. The ALS providers are required to remain with
the patient until ED department hand-off is given. This means
that ALS units are increasingly unavailable to respond to pending
9-1-1 calls. One article by Eckstein, et al discusses how ALS crews
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are detained in hospitals for longer periods due to the escalating
problem of over-saturated hospital beds and ED over-crowding —
waiting to transfer care to ED staff.?! The subsequent detention
of EMS crews creates severe risks for delayed EMS responses to
impending critical cases.

Limitations

While this study did account for the growth of the residential pop-
ulation in the EMS system’s catchment area, there was no adjusting
for changes in commuter populations or tourism. In the study period,
it is unlikely that there was variation in daily commuting to business
districts, but these data were not available. Furthermore, various sec-
tions of the studied service area may be impacted by seasonal influx of
large quantities of people, such as to the New Jersey beaches in the
summer. In 2017, there were almost 100 million tourist visitors to
the State of New Jersey, which may have affected annual call volume.
Additionally, in February 2014, Super Bowl XLVIII took place at
MetLife Stadium (East Rutherford, New Jersey USA), which
may have impacted Q1 data for 2014.%

There was no available information on the age distribution of
the EMS calls. Previous studies have demonstrated that different
age groups call EMS at different rates.!™ Unfortunately, with the
EMS system database, it is impossible to link age distribution to
the total number of calls. This would require opening each individ-
ual call chart to document demographic information. It is also
unclear if New Jersey’s age distribution is changing based on US
census data. This is because age distributions are only reported
on 2010, 2014, and 2016 census summaries.'? Townships of
New Jersey inconsistently reported age distribution data on an
annual basis. As mentioned previously, an aging population will
call 9-1-1 more frequently.’*>’ The demonstrated increase in
9-1-1 call volume could be because the New Jersey residential pop-
ulation is aging. The findings of this study can only be assessed on a
“macro” level and cannot be used to identify regional growth or
growth in demand by specific populations.

Additionally, this study focuses on a tiered EMS system where
there is a dual response from ALS and BLS. Most US EMS sys-
tems do not have such an elaborate system as New Jersey. The
necessity of a dual response seems directly related to state or
municipality legislature requiring all ALS treatments to have
two paramedics (thus forcing a separate ALS and BLS response
unit). New Jersey and Delaware currently mandate two paramedics
to staft each ALS unit, but do not require ALS units capable of
transporting patients. Massachusetts, Wisconsin, and Utah laws
require two paramedics to a call, but do not require the paramedics
to be on the same unit. Arizona’s requirements for the crew
varies depending on whether the ambulance services a rural or

wilderness area.” Some local governments and agencies usually
enforce staffing requirements that exceed the state requirements
and may staff ambulances with two or more paramedics — this will
trigger a separate ALS and BLS response.?®

It stands to reason that EMS utilization may plateau at some
point. The presented model in this study assumes EMS utilization
will always increase. There is likely a ceiling effect where this
model could predict poorly if there is a major change in utilization
because of policy change (ie, all 9-1-1 callers get pre-determined
bill for every time the EMS system is activated, regardless of
outcome).

As most EMS systems may not have access to SAS software
(likely due to cost), it is important to comment on the use of this
model within other statistical software. For instance, JMP Pro 14
(JMP, Version 14; SAS Institute Inc.; Cary, North Carolina USA;
1989-2019) can perform Winter’s forecasting method by selecting
“Statistical Index” and scrolling to “Winter’s Method.” Also,
Minitab 17 or Minitab 19 (Version 17/19 Statistical Software;
Minitab; State College, Pennsylvania USA; 2010) has this feature
directly within the “stat” drop down menu. “R — The R Project for
Statistical Computing” (R Foundation for Statistical Computing;
Vienna, Austria; 2003) is a free statistical software and the Winter’s
seasonality capturing model is demonstrated in an accompanying
website.?*

Conclusion

If the current system remains in place, this prediction model reli-
ably predicts increasing 9-1-1 call volume, ALS utilization, as well
as ALS cancellation prior to arrival up to end of 2019 (with 95%
confidence; Figure 2, 3, and 4). With these trends and best-fitting
models of prediction, an overwhelming increased use of (and
increased burden on) the studied 9-1-1 EMS response system is
projected. This prediction model assumes that there are no major
population shifts or demographic changes in the studied popula-
tion. There is an urgent need for change and innovation to mitigate
this increasing burden. Hopefully, other EMS systems can use this
model to project utilization, predict allocation of resources, and
identify similar measures of over-utilization.
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